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ABSTRACT 

In order to minimize the cost of earth retaining structures, particularly for the low 

to medium height retaining walls required by highway departments, a new design of 

retaining wall was investigated. This utilized facing panel units anchored into a cement 

stabilized compacted fill. Only short anchors are required to retain the facing panels, 

as mechanical stabilization of the cross-section is achieved by the addition of about 7% 

cement, rather than by reinforcing strips. 

The feasibility and applicability of this design has now been demonstrated, on the 

basis of this study which included laboratory testing, numerical and physical modeling, 

and full scale construction and instrumentation of two experimental retaining walls. 

Specifications have been prepared and these have been refined on the basis of full-scale 

experience. 

This design (which is non-proprietary) may be used in situations where proprietary 

designs are used nowadays, although there are significant differences in construction 

procedure from other mechanically stabilized earth designs. It is suitable for general 

non-specialized use, without requiring specialist subcontractors, and there should be 

some cost advantage, particularly for locations where cement is inexpensive. Unit cost 

was around $20 per square foot for the experimental wall, and would be reduced with 

wider acceptance. The main disadvantage appears to be that large differential settle­

ments from compressible foundation soils cannot easily be accommodated. 

Key words: Retaining Walls, Soil Cement, Earth Retaining Structures, Tiebacks, 
Retained Earth, Reinforced Earth 
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SUMMARY STATEMENT ON RESEARCH IMPLEMENTATION 

In order to minimize the cost of soil retaining structures to highway departments, 

a new design proposed by the Texas Department of Transportation, was investigated 

and found to be viable. 

Verification of the design concepts and field performance, will enable the use of 

this retaining wall design as a proven low-cost alternative to proprietary and non­

proprietary designs currently being specified by the department. 

The Texas Transportation Institute is coordinating with department personnel in 

implementation of the research results, to ensure that these will be relevant to highway 

department practice. The results of this study have shown that suitable allowance should 

be made in using this design on very compressible foundation soils. The long-term 

performance of this design is still being monitored, to address, among other things, 

long-term corrosion resistance. 

Satisfactory utilization of this method of retaining wall construction, may enable 

major economies to be realized whenever earth retaining structures are required. The 

design is expected to be particularly inexpensive in situations where stabilizing material 

(such as cement) is cheaply available. Furthermore, any contractor can bid on con­

struction of such a wall without payment of royalties or engaging specialist sub­

contractors for proprietary work. 

DISCLAIMER 

This study was conducted in cooperation with the Texas Department of Trans­

portation and the U.S. Department of Transportation, Federal Highway Administration. 

The contents of this report reflect the views of the authors, Derek V. Morris P.E. (Texas 

registration 63681} and William W. Crockford P.E. (Texas registration 67547) who are 

responsible for the opinions, findings and conclusions presented herein. The contents 

do not necessarily reflect the official views or policies of the Texas Department of 

Transportation or the U.S. Department of Transportation, Federal Highway Adminis­

tration. This report does not constitute a standard, specification, or regulation, and is 

not intended for construction, bidding, or permit purposes. 
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SYNOPSIS 

To investigate the feasibility of a new design of retaining wall, a comprehensive 

study was undertaken by the Texas Transportation Institute in conjunction with the Texas 

Department of Transportation. The concept was to use precast concrete facing units 

fastened to a cement stabilized soil cross-section with short anchors. Rather than using 

reinforcing strips or bars or fabric in the backfill, the strength of the soil is improved only 

by the addition of sufficient cement. This is designed to result in a conventional mass 

gravity structure, of substantially lower cost than a mass concrete wall or even a rein­

forced earth wall. Other potential advantages in construction are that large lifts of fill 

can easily be compacted to the required densities, the likelihood of soil wash-out 

between units is reduced, and trafficability of the compacted fill is improved. 

An initial information review produced significant and encouraging data on the 

properties of stabilized soil, including difficult materials, marginal soils, mixing proce­

dures, curing requirements, additives, strength and failure characteristics, etc. A pri­

vately constructed case history, utilizing similar design principles, was also identified in 

California, constructed to 32 ft. at a 1 H to 8 V batter. An interlocking concrete block 

facing was used, mechanically linked (without anchors) into a 5% cement stabilized 

sand backfill. Unit cost in 1985 was $17 per square foot of wall. 

To obtain further information on the three dimensional strength properties of 

stabilized fill, a program of laboratory strength testing was carried out on cement sta­

bilized soil, using both conventional sand and lightweight materials. In addition to 

conventional cylinder testing, Texas triaxial testing was utilized to provide stress strain 

characteristics at different confining pressures, as well as values of cohesion and internal 

friction. The results indicated general suitability, with unconfined compressive strengths 

in the range of 150 to 500 psi (1 to 4 MPa) for 3.5 to 7% cement by weight (1 to 2 sacks 

per cubic yard) for typical degrees of compaction. 

The capacity of anchors in stabilized fill was evaluated by conducting pull-out tests 

in accordance with ASTM standard C900-82 for concrete anchors. The capacity in 

stabilized soil turned out to be comparable to the capacity of similar anchors in weak 

concrete, once due allowance was made for the lower strength, so it appears that similar 

design formulae can be applied to stabilized soil. 
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Before construction of a full-scale experimental section, finite element analyses of 

the wall cross-section were performed for several geometries and load cases, using the 

program ABAQUS. Non-linear stress-strain relations and three-dimensional failure 

criteria were incorporated. Critical points in the cross-section were found to be yielding 

of soil beneath the toe of the wall. However, analysis indicated that behavior would be 

acceptable if wall height was limited to keep self-weight wall stresses well below com­

pressive strengths, and if bearing pressures on foundation soil was adequately 

addressed. Large stress concentrations were observed (of the order of 2.5 to 3) within 

the outer toe of all cross-sections, so a minimum factor of safety of 5 was recommended 

against crushing with respect to overburden stress within the wall. 

At the same time, some physical modelling was also carried out by conducting 

some centrifuge model tests at 1 /60th scale, using model wall units and miniature 

instrumentation. In three cases failure of the cross-section was observed by crushing 

(two tests) and by toppling (one test), but this only occurred for extreme load conditions. 

For typical wall geometries and properties, measured movements were small (seldom 

exceeding a scaled value of a few inches), and earth pressures were as indicated by 

standard theory. Forces in the anchors were also small, typically of the order of 200 

lbs ( 1 kN) full scale equivalent. These experiments tested mainly the wall cross-section, 

as the model subsoil was prepared cohesionless soil, and under these conditions, the 

observed behavior was generally stable. 

A field site for a full-scale experimental section was identified as the 

Cypress/Fairbanks bypass of Highway 290, north-west of Houston. In conjunction with 

District 12, two of the 1 O retaining walls at this site (walls 7 and 9 of heights 16 and 23 

feet respectively) were designed as experimental sections, together with draft material 

specifications for the stabilized fill. The construction contract was let in 1989 for just 

under 2.3 million dollars for the 102, 173 square feet of total retaining wall, with T. T. I. to 

supply the instrumentation at the experimental sections. 

Construction proceeded initially at several locations, including wall 7, until on 

October 31, 1989 a major rainstorm brought work to a halt on the entire site. Subse­

quently significant distress was noted at a number of locations, but particularily at the 

experimental wall, where some facing units displayed significant separation from the 

stabilized backfill. Substantial settlement of the wall levelling pad was noticed. The 
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stabilized fill close to wall face appeared to be very weak, and this was later confirmed 

by laboratory testing that indicated cement content was slightly low, and the 

compressive strengths were much lower than specified. 

The prime reason for the distress, appeared to be massive settlement of a foot or 

more, of backfill over an underground storm drainage culvert. At several locations, this 

was located in close proximity to the toe of the retaining walls (including the conventional 

VSL Retained Earth Walls), resulting in a noticeable outward lean of several sections. 

The true sub-surface conditions were then investigated as accurately as possible, with 

a special program of cone penetrometer testing in order to allow continuous mea­

surement of soil strengths very close to the wall face. This confirmed very weak localized 

soil (shear strengths 600 psf (30 kPa.) or less). Subsequently, all the wall units 

assembled at that time (both conventional and the one experimental wall) were dis­

mantled, in preparation for foundation improvement. 

Reworking of the foundation included widening of the sand and stabilized sand 

layer under the walls, and localized remedial piling under wall 2, 4, 5, 7 and 8 under 

District 12 supervision in 1990. Re-construction of the retaining walls at the Cypress­

Fairbanks site, took place during late 1990 & 1991, and field instrumentation was installed 

at the two experimental sections, wall 7 and 9. Wall 9 had not been built prior to the 

earlier field problems, and (after appropriate modifications to the foundation design but 

without any remedial piling) was successfully constructed to the design height of 23 

feet, incorporating vertical and horizontal inclinometers, force gauges on some anchors, 

and earth pressure cells. 

The results of instrumentation readings indicate some continuing settlement, but 

this has so far been primarily uniform. Differential settlements as measured by horizontal 

inclinometers have been no greater than 0.1 inches (2-5 mm) and overall absolute 

settlements from survey data have so far been of the order of 1 inch (25 mm.). Soil 

stresses and anchor forces are largely as expected, at least in the absence of traffic 

loading. The fill in the body of the material is settling more than at the face of the wall, 

as was originally indicated by analysis, but this is not causing any problems so far. At 

present, the visual performance of both the experimental sections, and of the re­

constructed conventional sections, has been acceptable. 

Long-term data will be available from a separate monitoring study of the site. 
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1. INTRODUCTION 

The need for economical methods of retaining earth ·fill has resulted in many 

alternative designs of retaining structure, even of the traditional gravity type walls. Mass 

concrete walls have long been superseded by designs that make more efficient use of 

the retained earth fill, to assist in providing overall stability. 

A common commercial example uses galvanized steel straps and select backfill 

to form the retaining wall mass behind a precast concrete facing. The overall strength 

of the fill is provided by friction between the soil and the reinforcement. 

A new and potentially even more economical design has been proposed by the 

TxDOT using facing panel units anchored into a cement stabilized backfill of sufficient 

strength to avoid the need for any soil reinforcement at all. 

Overall stability is provided by the self-weight of the stabilized soil, artificially given 

an intact strength by the relatively inexpensive addition of between 4 to 8% cement by 

mass. Moreover the design is non-proprietary, not subject to any licensing restrictions. 

This report describes the studies that were done, in order to investigate the 

technical feasibility of the design. 
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2. INITIAL REVIEW 

2.1 Properties of Cement Stabilized Soil 

The material, mix proportions, construction methods, and environmental condi­

tions all have an influence on the properties of cement treated soil. These factors can 

be divided into the nature of materials and the proportions of the mix; mixing and 

compaction; and conditions of curing. 

Nature of Materials and Proportions of Mix: 

As a result of several studies the following conclusions can be drawn:-

The properties of compacted and hydrated soil-cement mixtures are dependent 

to a great extent upon the types of soils involved. The influence of the nature of soil is 

also indicated by the ranges of cement requirements to produce soil-cement for the 

various AASHTO and Unified Soil System soil groups. Figure 2.1 shows the variation 

in strength for 4 different types of soils at various cement contents and age. 

Compressive strength of soil-cement is not appreciably affected by the material 

retained on a No. 4 sieve, unless the proportion is greater than 50 percent by weight of 

the total material. 

Reinhold (HRB Bull. 108,) concluded that as the clay content increases, modulus 

of elasticity in compression decreases. Another study in Iowa (Handy et al., HRB Bull. 

108) showed that increasing the clay content increased the percentage of cement 

required to produce soil-cement. Properties of cement-treated soil are affected by the 

plasticity of the soil. However, there are no well-defined relationships between plasticity 

and the nature of soil-cement for soils of A-2 and A-3 groups. For soils of the A-4 group, 

there is a noticeable trend of increasing cement requirement with increases in the liquid 

limit (Catton, HRB Bull. 20). The trend is more marked for soils of A-6 and A-7 groups. 

The constituents of soils include substances that react with cement to varying 

degrees. Normally reacting soils may differ in degree of reaction depending on the 

nature of cations associated with clay-sized minerals. Soils that do not react normally 
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with cement may owe that property to the presence of organic matter that causes 

delayed setting or to the presence of sulfates that cause swelling and/or reduction in 

strength in the presence of water. 

Catton (HRB Bull. 20) also showed that the pH of the soil did not influence the 

cement content of the soil, i.e. a soil can be either acid, neutral, or alkaline. It will respond 

in equal degree to cement when the pH value is the only variable involved. Robins and 

Mueller (1960) tried to develop correlations between pH, organic content and 7-day 

compressive strength, but a definite relationship was not obtained. The results of the 

correlation showed a trend of decreasing strengths with increasing organic content, 

although some very low strengths were obtained on soils having organic content as 

low as 2000 ppm. 

Robins and Mueller (HRB Bull. 267) developed a calcium absorption test to identify 

poorly reacting sand. During this study, it was found that organic content and pH do 

not in themselves constitute an indication of poorly reacting sand. However, a sandy 

soil with a organic content greater than 20,000 ppm or having a pH lower than 5.3 would 

in all probability not react normally with cement. The calcium absorption test provides 

a method of quickly determining either in the laboratory or in the field whether or not a 

sandy soil will react normally with cement in soil-cement construction. Accordingly, a 

soil having a calcium adsorption factor less than 11 ml may be considered normal; those 

with factors greater than 11 ml, as reacting poorly. 

The moisture content of a soil-cement mixture and the density to which the material 

is compacted have a great influence upon the quality of the product after cement 

hydration. Felt (HRB Bull. 108) studied the effect of variations in the moisture content 

and density on compressive strength and on losses in wet-dry and freeze-thaw tests. 

His results are summarized as follows: 

Compressive strength increases to a maximum at slightly less than optimum 

moisture for the sandy soil and the silty soil and at greater than optimum for the 

clay soil. 
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Results from wet-dry and freeze-thaw tests showed that clayey soil had less 

resistance at moisture contents below optimum and the silty soil had less 

resistance in the freeze-thaw test at moisture contents less than optimum. Moisture 

contents were not so critical in either tests for the sandy soil. 

The difference between optimum moisture contents for both maximum density 

and maximum strength may be attributed to the surface area of the soil particles. Sands 

have low surface area, hence most of the water added is available for the hydration of 

cement. Since this water is more than that required for the hydration, the strength is 

therefore reduced. In clays, it is just the opposite. Clays have small particle sizes and 

also have high affinity for water. Therefore, water available for hydration of cement may 

be less than that which is required with the result that maximum strength occurs on the 

wet side of optimum. 

The amount of moisture needed for maximum strength also depends on the clay 

minerals present. For the sand-kaolinite clay mixtures, maximum strength is always on 

the dry side of optimum. For sand-illite and sand-montmorillonite clay mixtures, the 

optimum moisture content for maximum strength shifts to the wet side of optimum 

moisture for maximum density (Davidson, 1962). As the cement content of a given 

sand-clay mixture increases, the optimum moisture for maximum density and the 

optimum moisture for maximum strength does not change much. This suggests that 

water necessary for hydration of cement may be small in comparison with the amount 

needed to obtain maximum density. 

For a given soil that reacts normally with cement, the cement content determines 

the nature of cement-treated soil. The compressive strength and resistance to wetting 

and drying and freezing and thawing increases as cement content is increased (Felt, 

HRB Bull. No. 108). 

Soil-cement mixtures containing air entraining cement behave approximately the 

same as those containing type I cement. Moisture density relations, compressive 

strengths, wet-dry and freeze-thaw test results are sufficiently similar to show that the 

cements may be used interchangeably in soil-cement construction. 
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The moisture content at the time of performing a strength test has a great influence 

on the compressive strength of cement-treated soil. One source of data shows that for 

a non plastic sandy loam soil (A-1-b) containing 3 and 1 O percent cement, the dry 

strength averaged 180 percent of the strength of the moist specimens; for an A-6 sandy 

clay soil (Pl-15) dry compressive strengths averaged 245 percent of that of the moist 

specimens (Felt and Abrams, 1957). 

A second source of data on four soils shows that strengths of dry specimens 

ranged from 190 to 290 percent of the strength of moist specimens (Chadda, 1956). 

This shows that in the dry state, the strength of soil-cement is made up of the cohesive 

effect of soil and the cementing action of cement. 

Mixing and Compaction 

The efficiency of mixing and compacting equipment and the time required, 

influences both the strength and durability of cement-treated soil. 

In a study conducted at Louisiana State University (Arman and Saifan, 1965) 

regarding the effects of delayed compaction on stabilized soil-cement, the following 

conclusions were drawn: 

1. The durability, compressive strength, and density of soil-cement mixes com­

pacted at, below, or above their optimum cement and moisture contents decreases 

considerably and uniformly after a delay of two hours or more in compaction of 

the soil-cement after mixing. 

2. The loss of compressive strength, durability and density due to delayed com­

paction can become so great in intensity that any physical improvements to be 

derived from the addition of Portland cement to the mix are nullified. 

3. An increase in cement content above the optimum does not necessarily improve 

the quality of soil-cement. 

4. The effect of delayed compaction is directly dependent on the final setting time 

of the cement used. Compaction in soil-cement mixes should not be delayed 
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beyond the initial setting time of the cement gel. It was also recommended that a 

factor of 0.80 be used as a multiplier of the initial setting time to determine the 

maximum allowable period of delay in compaction. 

Numerous tests have shown that field strengths of soil-cement seldom match 

laboratory strengths (Robinson, 1952). This may be due to insufficient mixing. Robinson 

used the ratio of field strength to laboratory strength as a measure of field mixing effi­

ciency. He found varying value of mixing efficiency depending on the mixer type and 

soil type, but a value of 60 percent is typical. He further noted that if the mixing efficiency 

could be increased to 80 percent, 30 percent less cement might be used for the same 

strength. 

Baker (HRB Bull. 98) studied the effect of degree of mixing on the strength of 

soil-cement and concluded that the strength of soil-cement varies as the log of mixing 

uniformity. An increase in the uniformity of the mix results in an increase in strength. 

Further, the rate at which the strength of the soil-cement increases with increasing 

uniformity of the mixture is greater for a soil mixed at slightly above the optimum. 

However, he also realized that to get a small increase in uniformity, the amount of energy 

required was greater than the increase in strength obtained. Therefore, he recom­

mended development of more efficient mixing equipment. 

Elrawi (1968) studied the effect of method of compaction on soil-cement mixtures 

and concluded that: 

1. The method of compaction influences the cohesion and therefore the strength 

of soil-cement mixtures. 

2. For granular soil-cement mixtures, the specimens molded by impact com­

paction give higher cohesion than the corresponding specimens molded by 

kneading compaction. 

3. For silt soil-cement mixtures, specimens molded at optimum moisture content 

by kneading compaction give higher cohesion than the corresponding specimens 

molded by impact compaction at 7-days. Wet soil-cement at optimum kneading 

compaction gave lower cohesion than impact compaction. 
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4. For all practical purposes, friction angle values were not influenced by the 

method of compaction, cement content or age. 

Curing Conditions and Age 

Data on moisture retention by soil-cement under bituminous seals (HRB Bull. 292) 

indicates their success in retaining the required moisture content. Further data from 

experiments in Virginia (Maner, HRB Bull. 31) yielded results that permit comparison of 

the effectiveness of moist soil, waterproof paper, calcium chloride, RC-2 asphalt, tar 

and asphalt emulsion as curing materials for soil-cement. The three types of bituminous 

cover, the moist soil cover and the waterproof paper were the most effective aids to 

retention of moisture in the soil-cement. 

British researchers bring out the following facts on the influence of temperature 

on the strength of soil-cement mixtures (HRB Bull. No. 292). 

1. The 7-day compressive strength increases with increasing temperature by 2 

to 2-1 /2 percent per degree centigrade when temperature is in the vicinity of 25CC. 

2. Soil-cement will harden in cold weather provided the temperature is over OCC. 

3. If the compressive strength is taken as the sole criterion for the quality of soil­

cement, less cement is needed in warm weather than in cold weather. 

4. Because of the ambient temperature differences, soil-cement constructed 

during warm weather should be 50 to 100 percent stronger than similar con­

struction made during cool weather, at least during the first three months of life of 

the construction. 

Just like concrete, the strength of a soil-cement mixture also increases with age. 

Abboud (1973) indicates that the 28-day strength may be taken as 1.4 times the 7-day 

strength. Other values are shown in Figure 2.2. 

8 



-
~ zooo -.c. -Ol 
c 
OJ 
\.. -({) 1500 
Q) 

> -V> 
I/) 

Q) 
L. 
0. 
E 

1000 0 
(...) 

-0 
Q) 

c -..... 
c 
0 

500 0 
c 

::::> 

o Coarse-groined sofls 

• Fine-groined soils 

Doto from Watkins (1971), Christensen (1969), 
Wang (1968), Pretorius (1970) and 

PCA (1971) 

0 

0 

8 

0 

0 0 
0 • 

I • 

• • I • I 
~-• • • • • 

0 

0 

8 
• Floe-groined soil -.. C = lO O/o' UC7=20!] .. psi 

0----------------------------'-------------------~-------l'------------------------..........i 
I 10 100 1000 

Curing Time (days) 

Figure 2.2 Strength variation with curing time 

9 



2.2 Eull Scale Information 

Following a fact-finding meeting with Mr. Ken Jackura of CAL TRANS (Office of 

Transportation Laboratory, 5900 Fulsome Blvd., Sacramento, California, 95819-19128, 

(916) 739-2364) a case history was identified of a cement stabilized wall in California. 

This was constructed in Laguna Beach, California for a private developer (Hoff­

mann Brothers) in 1985 for a cost of $17 /ft2. This compares with costs of $25 to $30 /ft2 

of 11soft wall", (e.g. Reinforced Earth) in California and $27 /ft 2 in Texas. Photographs 

of the wall, which had a maximum height of 32 ft. are shown in Figures 2.3 to 2.6. The 

design used a proprietary interlocking concrete block facing, in this particular case a 

German product "Earthstone", without any separate tie backs. Cementitious bond 

between the facing blocks and the stabilized backfill (which was carefully compacted 

manually in this region) was sufficient to retain the wall facing. In addition, the wall was 

constructed with a slight backward slope of 1 horizontal to 8 vertical (r). Some terraces 

were incorporated into the side sections, but not in the main body of the wall. 

The engineer was E. James Miller of 2R Engineering, Inc., 244 Pico Avenue, San 

Marcos, California 92069, (619) 744-4440 who has subsequently been responsible for 

the design and construction of some smaller similar retaining walls (constructed verti­

cally in some instances), although the wall described above remains the tallest example. 

His practice is to use stabilized backfill with a minimum cement content of 4% by weight 

and at least 200 psi (1.4 Mpa) cylinder crushing strength. Sandy soil is preferred (which 

often gives 500 to 600 psi strength (4 MPa), but some fines content has also been 

permitted. Their preference is to limit the overburden stresses in the wall to 1 /6 of the 

crushing strength, treating the toe as the critical point, and allowing for any eccentricity 

of the wall center-of-gravity by simple elastic theory. In other respects, the design is 

like a conventional gravity wall. 

As well as sloping the front face backward, they also recommend a rearward slope 

on the rear face of the wall (typically 1 horizontal to 4 vertical or 15}, which can often 

be incorporated into construction against original earth, by using the cut slope as a rear 

form and compacting stabilized fill directly against it. This has the advantage of moving 

the wall center of gravity rearwards, so that the resulting eccentricity of the self-weight 

can to a large extent neutralize the overturning moments on the wall due to soil pres-
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Figure 2.3 Compaction of cement stabilized fill 

Figure 2.4 Initial construction 



Figure 2.5 Terracing of earthstone block 

Figure 2.6 Fully completed 32 foot high wall 
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sures, and relieve l"ligh stresses at the toe of the wall. It is also possible to terrace the 

rear face of the wall, thus reducing the thickness of the stabilized fill towards the top, 

and using a larger proportion of natural earth for self-weight. 

A further advantage of this method of construction, with an interlocking block front 

wall, is that no special provision need be made to allow safe drainage of the wall. 

Groundwater pressures in the backfill can freely dissipate through the permeable wall, 

but the geometry of the interlocking blocks is such that washing out of fine grained soil 

particles will be inhibited after initial construction, as the distribution of fines stabilizes. 

In this way, 2R Engineering claim that it is possible (with non-union labor) to build 

walls of typically 10,000 ft2 frontal area typically 15 ft high, for $12 to $14/ft2, with local 

cement cost of $65 to $70/ton, compared with $60/ton in Texas. There seems no 

reason to suppose that such a unit price of wall could not be achieved here. 
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3. LABOBATORYIESTING 

3.1 Strength of Cement Stabilized Soil 

In order to evaluate the specific properties of the material for this project, a specific 

laboratory program of material testing was carried out. These utilized Texas triaxial tests 

to provide a basis for prediction of stress strain characteristics at different confining 

pressures. This also provided information about cohesion and internal friction. 

The material chosen for the study was supplied by District 12, and was a poorly graded 

sand from Houston used by contractors as a backfill for reinforced earth retaining walls. 

Table 3.1 summarizes its properties. Material passing #4 sieve was used for molding 

specimens. Type I Portland cement was used as a stabilizer. 

TABLE 3.1 - Properties of sand tested 

% Passing sieve no. 4 98 

% Passing sieve no. 40 87 

% Passing sieve no. 200 4 

Plasticity index NP 

AASHTO Classification A-3 

UNIFIED Classification SP 

Optimum Moisture Content{%) 
(for sand + 7% cement) 13.5 

Maximum Dry Density (pcf) 
{for sand + 7% cement) 109 

The Impact method of compaction was adopted for all specimens, which were 

compacted at Texas energy. All the specimens were compacted in molds 8 in. high 

and 4 in. in diameter. 
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Seven percent cement content by weight of dry soil was initially chosen. For sand this 

cement content is in the range specified by PCA, for an A-3 soil. All specimens were 

molded at optimum moisture contents. Additional samples were later molded for sand 

treated with 5% cement. 

Two different humidities were chosen for cement treated sand: 95% and 50%. They 

were tested at an age of 75 days. Additional samples cured at 95% humidity were also 

tested at an age of 14 days. Samples containing 5% cement were tested at ages of 7, 

21 and 28 days. They were cured at 95% humidity. 

Just before testing, the cylindrical samples were taken out of the curing room and were 

placed in a Texas triaxial cell. Porous stones were placed at top and bottom. The whole 

assembly was placed between the loading plates of the testing machine, and was 

centered. An air line was connected to the triaxial cell and lateral pressure applied. A 

dial gauge was placed to measure vertical deformation. Load was applied at a loading 

rate of 0.05 in/min. until failure. The results are presented in Tables 3.2 and 3.3. 

TABLE 3.2 .. Results for sand + 7% cement 

Sample No. Curing Age Confining Failure Strain to 
Humidity (Days) Pressure Stress Failure 

(%) (psi) (psi) 

S1 95 75 0 318 0.0037 
S2 95 75 5 337 0.0046 
83 95 75 15 399 0.0066 
S4 95 75 30 461 0.0138 

sa 50 75 0 515 0.0053 
S10 50 75 5 578 0.0080 
89 50 75 15 649 0.0074 
S5 50 75 20 664 0.0082 
86 50 75 30 670 0.0080 

811 95 14 0 222 0.0042 
813 95 14 5 199 0.0057 
S12 95 14 10 273 0.0060 
S14 95 14 20 318 0.0075 
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TABLE 3.3- Results for sand+ 5% cement 

Sample No. Curing Age Confining Failure Strain to 
Humidity (Days) Pressure Stress Failure 

(%) (psi) (psi) 

S15 95 7 0 113. 0.0046 
S16 95 7 5 130 0.0055 
817 95 7 10 165 0.0073 
S18 95 7 20 199 0.0180 

S19 95 21 0 159 0.0044 
S20 95 21 5 164 0.0062 
821 95 21 10 181 0.0082 
822 95 21 20 227 0.0094 

S23 95 28 0 170 0.0048 

Summary of Besults 

Typical stress strain curves for the specimens are shown in Figures 3.1 to 3.3 for various 

confining pressures and curing conditions. Increasing confining pressure required 

increased applied stresses to fail (Balmer G.G., 1958). It is noticed that failure strains 

also increase as confining pressure is increased. It appears that as confining pressure 

is increased the specimens require more energy to fail. Stress strain curves are linear 

up to about one-third of the ultimate stress. It is noticed that the stress strain curve for 

sample "S4" which was subjected to a confining pressure of 30 psi, is flat as compared 

to other stress strain curves, for samples having the same curing conditions and age. 

This is probably due to the fact that the triaxial cell membrane used for this sample did 

not adequately handle confining pressures greater than 20 psi. Applying 30 psi confining 

pressure caused ballooning of the rubber membrane, and the deformations measured 

included the compression of the rubber membrane. 

It is interesting to note that specimens cured at 50% humidity had higher strengths than 

those cured at 95% humidity. This is because of the difference in moisture contents at 

the time of testing. Specimens cured at 50% humidity had a moisture content of about 

8%, whereas those cured at 95% humidity had a moisture content of 12%. Curing 

humidity did not seem to have much effect on modulus of elasticity. It was also noticed 
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that samples cured at 50% humidity had higher failure strain. From typical Mohr­

Coulomb envelopes shown in Figures 3.4 to 3.6, it is clear that curing humidity affects 

cohesion as well as angle of internal friction. The lower the humidity the higher the 

values of these parameters. 

As expected, strength increased with age as summarized in Figure 3.7. The same is 

true for cohesion intercept as well as modulus of elasticity. The value of angle of internal 

friction at 14 days is higher than the corresponding value at 75 days. This is probably 

due to the fact that at 14 days the strength of the sample tests at a confining pressure 

of 5 psi had a lower than expected strength which changed the slope of the Mohr­

Coulomb envelope. 

Table 3.4 summarizes the mechanical properties of the stabilized soil tested. It is clear 

that as the cement content is decreased the strength decreases as well as the modulus 

of elasticity, cohesion, and angle of internal friction. 

TABLE 3.4 - Summary of Cement Treated Properties 

Cement Age Curing E c <I> f c 
Content Humidity 

(%) (Days) (%) (psi) (psi) (Deg) (psi) 

7 14 95 106000 41 44 230 
7 75 95 127000 71 42 320 
7 75 50 127000 107 45 320 
5 7 95 38000 26 39 120 
5 21 95 64000 39 35 160 
5 28 95 100000 170 
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3.2 Anchor Pull-out Testing 

In this design the facing panels are tied into the stabilized soil by means of short anchors 

whose main function is to retain the individual facing units. They are not required to 

carry primary loads or to prevent structural failure. The main design criteria is that the 

pull-out resistance should be sufficient to counteract the outward forces that act on 

facing units. These forces are quite small in nature, and probably derive primarily from 

incidental wind loading and from eccentricities between the self-weight of a panel and 

its foundation. 

Some time was spent on considering the design of anchors used to secure the facing 

units. In particular it was felt important to be sure that the pull-out capacity of anchors 

in cement stabilized soil could be adequately predicted (even if conservatively). The 

possibility of pull-out can always be reduced by making them longer, but excessive 

length is not desirable or economical. It is preferable to use only a short length of anchor, 

as it is not required to prevent structural failure of the entire wall, but merely to retain 

individual units. Such a design also minimizes any possibility of conflict with proprietary 

designs (like "Reinforced Earth"), since a short anchor is not being used to "reinforce" 

the soil in any way. 

To establish the performance of anchors in stabilized soil, tests were conducted on 1 /4 

in. (6 mm) diameter bolts embedded to a length of 1-1/8 in. (30mm) and 1-3/4 in. (45 

mm) in sand stabilized with 5% cement. These were performed in accordance with 

ASTM standard C900 for pull-out of anchor bolts in concrete, so that a direct comparison 

could be made between behavior of anchors in stabilized soil and behavior in weak 

concrete. Pullout was performed on the bolts with hydraulic ram after curing times of 

7, 14, and 28 days, and could be compared to the known strength properties of the 

cement stabilized soil mix under these conditions. 

Typical results of the pullout test for the 1-3/4 in. (45 mm) embedment length are 

summarized in Figure 3.8. Resistance to pullout was observed to be significant even 

for small anchors. The head of the anchors used in the pullout test was 0.72 in. (18 

mm) in diameter, and after 7 days of curing, the force required to pull out the anchors 

was more than 250 lbs (1 kN). Furthermore, the resistance to pullout increased sig­

nificantly in the following 21 days. Comparison of the pull-out capacity of the anchors 

in cement stabilized soil with standard predictive formulae using the ACI concrete code 
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(and incorporating the known compressive strength characteristics of the stabilized 

material) has indicated that measured capacities exceed theoretical predictions, once 

due allowance is made for the actual strength. In reality major reductions in stabilized 

soil strengths resulted in correspondingly minor reductions in pullout values - certainly 

the capacities were not reduced proportionately. 

As a result it appears that there will be no difficulty in supporting anchor loads with steel 

bars or metal strips in cement stabilized soil, and that standard pullout formulae from 

concrete design can be conservatively extrapolated to this material. 

In reality, results from centrifuge testing (see next section) indicate that field loads on 

the anchors from the facing units will be small (of the order of 200 lbs full scale equivalent), 

so that actual anchor design is probably best based on ease of installation. It would 

also be desirable to be able to mobilize full capacity with the soil with a minimal amount 

of wall movement, possibly by incorporating a threaded section that would allow for a 

pretensioning load to be applied to the anchor. However, field experience so far does 

not indicate that this is really necessary. 

Anchor Design Procedure 

Consequently, following ACI practice, the following design procedure was recom­

mended for facing unit anchors in cement stabilized soil. This is analogous to pullout 

formulae for concrete (although the coefficients are different) and assumes that the 

capacity is the sum of shear and frictional components. 

Pullout Capacity of a rough anchor can be predicted in lbs. as the sum of shear 

and frictional components (shear usually dominates) 

where: -As is surface area of anchor in in.2, ignoring outermost 12 in. 

( = n dl for a round section, e.g. rebar) 
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d is diameter in inches (or equivalent circular diameter in the case of non-circular sec­

tions) 

fc is compressive strength of cement stabilized soil in psi.- preferably 7 day value 

(typically 100 to 300 psi.) 

yis unit weight of cement stabilized soil in lbs/in3 (typically 0.07 lbs/in3 i.e. 121 lbs/tt3) 

H is overburden depth of anchor under cement stabilized fill in inches 

f is soil friction coefficient, either Reinforced Earth specs. which vary from 1.5 at the 

surface to tan 0 at depth, or can be assumed as tan 0 everywhere (0. 7 for 0: 3 5 °) 

Alternatively, instead of cylinder compression testing to obtain fc, if Texas Triaxial 

testing is preferred, the expression 2 d fTc may be replaced by the cohesion intercept 

C in psi from test envelope. 7 day values should be used, or else values reduced to 7 

days, no more. 

Using an AC.I. type hook on anchor end will be beneficial (e.g. if standard rebar 

is used) and can be expected to contribute additional pull-out capacity of 

70d 2 llclbs. 

Stresses within the Anchor (i.e. just dividing the design anchor load by the cross­

sectional area in each case) should also be checked to ensure they not exceed per­

missible working values, but these will normally be nominal. 

Horizontal Design Loads to be applied to facing units (and suitably distributed between 

horizontal anchors if more than one) are suggested as the greater of:-

(a) 10 lbs/tt2 possible wind suction applied to entire facing area 

(typical code design values for localities like Houston are 3 to 4 

times this, but in reality exposures are unlikely to be severe, and 

suction pressures will only act on a portion of the overall unit area) 
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(b) 10% of weight of facing unit 

(to allow for possible eccentricities of support conditions. Will be less 
than (a) unless facing is thicker than the equivalent of 10 inches of 

concrete.) 

(c} 200 lbs. (minimum nominal force from external sources) 

Factor of Safety against pullout is recommended as :-

2.5 if a single anchor is provided per facing unit 

2.0 if two anchors are provided per facing unit 
1.5 if three or more anchors are provided per facing unit 
(these values should normally be easily exceeded} 

It is worth noting that this last condition is similar to the Reinforced Earth factor of safety, 

except that they apply this only for the "resistive zone", and that they also specify a 
design alternative of testing to 1.33 times the working load. 



4. NUMERICAL MODELLING 

4.1 Introduction 

A numerical analysis of the cement-stabilized soil retaining wall system was performed 

using a commercially available finite element computer code capable of modelling 

geotechnical materials, "ABAQUS", available under academic license from Hibbitt, 

Karlsson, & Sorensen, Inc., Providence, R.I. 

The objective of the numerical analyses was to predict the response of the proposed 

wall system under different geometric and loading conditions. Emphasis was placed 

on investigating the distributions of displacement, stresses, plastic deformation (or 

failure mode), and ultimate load bearing capacity of the system. The system was 

modelled using 2-dimensional finite elements (plain strain conditions) and nonlinear 

plastic material characteristics. The concrete-panel facing and steel straps were not 

incorporated in the analysis because of their minor influence on the overall stability of 

the wall system and also because of the additional complications involved in their 

modelling. 

4.2 Details of Computer Code Employed 

ABAQUS is a comprehensive finite element analysis program with high analysis 

capabilities, and is capable of performing linear as well as nonlinear static and dynamic 

analysis. The nonlinearities may be due to geometry or material properties or combi­

nations. A primary merit of the code lies in its extensive capabilities of modelling different 

types of materials including metal, soils, rock, and concrete. ABAQUS also contains 

commendable pre- and post-processing utilities. 

Cement-stabilized soil was assumed to behave in a similar fashion to plain concrete. 

The concrete model in ABAQUS is designed to provide a general capability for modelling 

plain and reinforced concrete in different types of structures. The model is designed 

for applications in which the concrete is subjected to essentially monotonic loading at 

low confining pressures. When the principal stress components are dominantly com­

pressive, the response of the concrete is modelled by an elastic-plastic theory, using 

the three-dimensional yield surface written in terms of hydrostatic pressure (p; measure 

of normal stress) and equivalent deviatoric stress (q; measure of shear stress). 
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Associated flow rule and isotropic hardening laws are used (Chen and Saleeb, 1982). 

A "crushing" type of failure occurs when the state of stress is of compressive type, and 

once crushing occurs, the material element is assumed to lose its strength completely. 

In tension, a "cracking" type of failure occurs, and when cracking is defined to occur by 

the tension failure surface, the material loses its tensile strength normal to the crack 

direction but retains its strength parallel to that direction. 

The cracking and compressive responses of concrete that are incorporated in the model 

are illustrated by the uniaxial response of a specimen shown in Figure 4.1. When 

concrete is loaded in compression it initially exhibits elastic response. As the stress is 

increased some plastic straining occurs, and the response of the material softens 

(Owens and Hinton, 1980). An ultimate stress is reached, after which the material loses 

its strength until it can no longer carry any stress. When the specimen is loaded in 

tension it responds elastically until cracks form abruptly at a stress that is typically 

7%-10% (9% used for the current analysis) of the unconfined compressive strength. In 

multiaxial stress state these observations may be generalized through the concept of 

a failure surface in multidimensional stress space (Desai and Siriwardane, 1984). Typical 

failure surfaces in two and three dimensional stress spaces are given qualitatively in 

Figures 4.2 and 4.3. 

The behavior of granular materials is complex, but under essentially monotonic loading 

conditions rather simple constitutive models provide useful design information. The 

extended Drucker-Prager plasticity model is used in ABAQUS in modelling granular 

materials. This model uses a smoothed Mohr-Colulomb failure surface and non­

associated plastic flow rule (associated flow can also be chosen, and was used for the 

current analysis). The restrictions associated with the conventional Mohr-Coulomb 

criterion, such as neglected effects of intermediate principal stress on the failure criterion 

and computational difficulties associated with the sharp corner in the failure curve, can 

be overcome by adopting the Drucker-Prager model (Chen and Baladi, 1985). The 

Drucker-Prager failure criterion in comparison with the Mohr-Coulomb criterion is shown 

in a principal stress space and on a deviatoric plane in Figures 4.4 and 4.5, respectively. 

It is indicated that the shear resistance of soil increases approximately linearly, as the 

hydrostatic pressure to which the soil is subjected increases. As is conventional, the 

angle of internal friction (phi) and cohesion (c) are the two most important soil parameters 

in determining soil shear strength. 
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4.3 Input Data 

The finite element mesh for a typical model (with 10 m x 8 m cement-stabilized 

wall) used for the analysis is shown in Figure 4.6. The model consists of two-dimensional 

quadrilateral/triangular solid elements of plain strain condition. The analysis model is 

assumed to be laid on a fictitious "rigid" foundation, and the vertical boundaries at the 

left- and right-hand sides are assumed to be on rollers to allow downward movement 

due to construction of the embankment (Chang, 1977). The size effects from restricting 

the dimensions proved to be negligible. The reference model consists of 142 nodel 

points and 150 elements. 

Material properties of the cement-stabilized soil obtained through laboratory 

testing were incorporated in the analysis, as follows. Otherwise typical values introduced 

in published literature were adopted and utilized in the analysis, as follows. 

TABLE 4.1 - Stabilized fill properties used in analysis 

Unconfined Compressive Strengths 320 psi (2.21 MPa; test data) 

Uniaxial Tensile Strengths 29 psi (0.20 MPa; 9% of Unconfined 

Compressive Strength was adopted as recommended in ABAQUS manual) 

Initial Young's Modulus = 120 ksi (830 MPa; test data) 

Poissons' Ratio = 0.14 (from literature) 

Total Unit Weight = 125 pct; (20 kN/M3; test data) 

Uniaxial Stress-Strain Relation (from 9% cement content, 75 day aging, 95% 

relative humidity test data) is presented in Figure 4. 7. 

Material property values of typical sandy soil introduced in the literature were 

incorporated in the analysis of the backfill and foundation. Relatively conservative values 

were adopted. The following are material input data associated with the granular backfill 

and foundation soil: 
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TABLE 4.2 • Soil properties used in analysis 

Internal Friction Angle: 35 degrees 

Cohesion: 104 psf (5 kPa) 

Initial Young's Modulus: 15 ksi (100 MPa) 

Poisson's Ratio: 0.3 

Total Unit Weight: 110 pct (17.5 kN/M3) 

Gravity was used as the primary source of loading on the system. The cement-stabilized 

wall and soil backfill were treated as if they were constructed on top of the existing grade. 

No excavation situation was considered. Therefore, the applied load consisted only of 

the self-weight of the embankment (cement-soil wall and granular backfill). The typical 

loading arrangement is shown in Figure 4.6. Ultimate load bearing capacity of each 

model was assessed in terms of the multiple of gravity each model could withstand. 

Traffic surcharge loading was also considered on some models. 

4.4 Results for 80% Aspect Ratio wan 

a. Model Description 

The finite element mesh arrangement and loading conditions for the reference model 

have already been shown. Gravity of the cement-stabilized wall and soil backfill con­

stituted applied loading. Dimensions of 10 m height and 8 m width were arbitrarily but 

carefully chosen for typical wall cross sections, and will be used as a reference section 

for subsequent analyses of different models. 
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b. Displacements 

The displacementfield of the model is shown in Figure 4.8. In general, the embankment 

settles downward due to its gravity and also rotates around the toe of wall. The 

foundation soils below the embankment are compressed due to the weight of the 

embankment, with some corresponding heave at the other side of the existing ground. 

Significant distortion was predicted of the soil elements around the toe of the wall. The 

wall rotates toward the backfill instead of overturning toward the face of the wall. 

This was later observed also in the field, and would be expected to be true for walls of 

thick aspect ratio, which are not close to failure. For thin walls however, of narrow aspect 

ratio that are much closer to failing by overturning, then one might expect some outward 

movements to take place as bearing capacity failure starts to take place under the front 

toe. In this case however, the program failed to converge (indicating the onset of failure) 

before such an effect was observed. 

c. Minor Principal Stresses (Maximum Compression Stresses) 

The distribution of maximum compression stresses is shown in Figure 4.9. Since 

ABAQUS uses the sign convention generally used in continuum mechanics (i.e. tension 

is positive), the minor principal stresses computed correspond to maximum com­

pression stresses. A significant stress concentration was observed around the toe of 

the wall. The maximum compressive stress at the toe was about 1.5 times the 

overburden pressure, and this value represents approximately 13% of the unconfined 

compressive strength of the cement-stabilized soil. 

d. Major Principal Stresses (Maximum Tension Stresses) 

The distribution of maximum tension or minimum compression stresses is shown in 

Figure 4.10. Tensile stresses are observed near the toe and top of the cement-stabilized 

wall. The maximum tensile stress observed within the wall represents approximately 

3% of the uniaxial tensile strength of the cement-stabilized soil. 
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e. Maximum Shear Stresses 

The maximum shear stress is measured in terms of equivalent deviatoric stress. The 

equivalent deviatoric stress actually represents two times the maximum shear stress. 

Figure 4.11 shows the distribution of maximum shear stresses within the model. The 

maximum value was observed at the toe of the wall. The maximum shear stress is 

compared with the maximum shear strength available at that point to determine possible 

failure condition. The shear strength available at a point is dependent upon the 

hydrostatic pressure at that point. The contours also indicate that shear stresses drop 

sharply along the boundary between the wall and soil backfill, which may be due to low 

interface friction between the two different materials. 

f. Plastic Deformation and Failure Mode 

The program enables the extent and magnitude of plastic deformations of the consti­

tuting materials to be represented in contours. They indicate that there will be a localized 

plastic zone within the soil beneath the toe of the wall, which suggests a local bearing 

capacity failure. Possible ultimate failure modes may be established by carefully 

inspecting the contours of plastic deformations computed under the ultimate loading 

conditions. Figure 4.12 shows the contours of plastic deformations under the ultimate 

loading of 7.8 g (which corresponds theoretically to a 255 ft.tall wall (78-meter). The 

figure suggests that the wall would fail by rotating around its toe, due to bearing capacity 

failure of the foundation soils. 

4.5 Results for 40% Aspect Ratio Wall 

The displacement response of this model is generally similar to that of the reference 

model (10 m x 8 m). However, distributions and magnitudes of different stresses are 

somewhat different from those of the reference model. The maximum compression 

stress occurring at the toe was about 1.8 times the overburden pressure, and the 

magnitude and areal extent of plastic deformations are slightly increased. A small zone 

of tensile failure was detected at the top of the wall/backfill boundary under 1 g loading. 

The model withstood approximately 5.8 g gravity loading which is about 74% of what 

the reference model carried, and corresponds to a maximum height of 190 ft.(58 m). 
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Figure 4.12 Plastic deformat· ions 

45 

I 



Extensive tensile failures were predicted along the upper wall/backfill boundary. Figures 

4.13 through 4.15 show various responses of the model under 1 g loading, and Figure 

4.16 under the ultimate loading of 5.8 g. 

4.6 Other Cross Sections 

a. Lower Triangular Section 

The "lower triangular" model is shown in Figure 4.17. The performance of this model 

appears to be as good as that of the reference model. An ultimate gravity loading of 

7. 7 g (in comparison with 7 .8 g for the reference model) was carried by this model. 

Therefore, substantial savings in material cost may be realized by adopting this model 

without significantly sacrificing the performance of the system. It would also be possible 

to use weaker material towards the top of the wall, thereby effecting some economies, 

without significant loss of safety. 

b. Upper Triangular Section 

The "upper triangular" model is shown in Figure 4.18. The performance of this model 

is quite poor compared to the lower triangular model. An ultimate loading capacity of 

5.0 g was predicted, (i.e. a full scale height of 164 ft. or 50 m). 

4.7 Surcharge Loading 

Traffic load on the embankment was simulated by applying a roughly estimated sur­

charge loading to the reference model. A load intensity of 345 psf (16.5 kPa; about 3 

ft of soil overburden) was arbitrarily used at this stage. The results indicate that the 

influence of surcharge loading on the performance of the wall is negligible. However, 

dynamic effects of the traffic loading have not been considered, and were not attempted 

in the current study because of the prohibitive scope of work involved. 

4.8 Conclusions 

The .results of the numerical analyses of the proposed cement-stabilized soil retaining 

wall system indicated that the system should perform adequately under the assumed 

geometric and material conditions. This analysis assumed that the subsoil could be 

idealized as a primarily frictional material. The wall would behave as an integral mass 
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structure even under ultimate loading conditions. The ultimate failure mode of the 

system was predicted to be rotation of the wall around its toe, due to bearing capacity 

failure of the foundation soils. For the conditions given, the wall was predicted to be 

safe to a scaled height of 245 ft. (75 m), although this was without any safety factor, and 

on a granular foundation. The analysis also indicated that certain variations in the shape 

of the cross-section may prove to be cost-effective. 
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5. PHYSICAL MODELLING 

5. 1 Introduction 

In order to provide experimental data on the performance of the retaining wall 

design, before full scale field tests, physical model tests were performed on the Schaevitz 

geotechnical centrifuge at the University of California at Davis. This has an effective 

radius of 43 in. (1.1 m) and can accelerate a model of about 200 lbs (100 kg) to a 

maximum of 150 g, although in this series of tests the highest acceleration used was 

100 g. The mounting plate is allowed to swing freely on bearings at the end of the arm, 

so that the overall resultant acceleration always remains perpendicular to the base of 

the model, and a counterweight is employed to keep the rotating arm dynamically 

balanced. The overall principle and geometry of testing is shown in Figure 5.1. 

The basis of the method is to use centrifugal acceleration to increase the equivalent 

gravitational acceleration to compensate for the reduction in size, when constructing a 

model. It is, of course, possible to increase stress levels in a model by other means 

(e.g., by surcharge loading), but then the distribution of stress (and consequently of 

strength) in incorrect. Thus, in a conventional model, it is possible either to model the 

magnitude of distribution of stress and strength correctly - but not both. Centrifugal 

modeling enables both conditions to be satisfied simultaneously. 

If the linear modeling scale is defined as n > 1, then the general stress level under 

a depth z, of soil of density p, is zpg. At the corresponding point in a centrifuge model, 

the linear dimension z, is decreased to z/n, and the centifugal (or quasi-gravitational) 

acceleration is increased to ng. The stress level at this point in the model will be the 

same as in the prototype. Similarly, the state of strain will be identical, if both the model 

and prototype are constructed of the same material. Regarding soil as a continuum 

with identical bulk properties in the model and the prototype, there is, in principle, no 

immediate way that corresponding elements of soil can distinguish between the two 

environments, since levels of stress, strain, pore-pressure, stress gradient, etc., are 

identical. 

It is usually desirable to use the actual prototype soil in the model, so that the bulk 

material properties of a soil element are identical in both prototype and model. This is 

valid as long as the grain size is sufficently small, compared to the size of such an 
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element, that the element can still be considered as representative of the continuum in 

general - in other words, as long as the grain size is much smaller than the model size. 

If the soil in considered as a continuum in the fashion, then it is adequate and preferable 

to use original material, and there is no need to "model" the soil with a reduced­

particle-size powder, as might be supposed. 

5.2 Tests Conducted 

Models were constructed to fit inside an existing light alloy strong box supplied by 

the University of California, with inside dimensions 10 in. wide by 9 in. high by 16.5 in. 

long. A photograph of this is shown in Figure 5.2, mounted on the centrifuge.This 

incorporated a facing side wall of 0.92 in. thick plexiglas, which allowed photographs 

to be taken in cross-section both before and after tests, and also in-flight using a stro­

boscopic flash facility provided. Continuous visual observation in plan view was also 

possible with a closed circuit high resolution television camera mounted on board, with 

signals transmitted to an outside monitor via electrical slip rings. 

Each model was made using miniature facing panels 5 in. high and 2 in. wide 

machined from aluminum channel. Holes were incorporated into these to allow for 

provision of anchors, for which purpose short miniature bolts were used, as shown in 

Figure 5.3. Steel forms were constructed to allow the wall to be constructed to different 

dimensions by compaction of stabilized soil behind these wall units. A combination of 

hand compaction and vibratory compaction on a vibratory table was used to achieve 

the desired densities. The following photographs show the overall geometry. 

Instrumentation of the model was done in several ways. Displacements were 

measured using miniature potentiometers (shown in Figure 5.5) mounted from a gantry 

above and in front of the model, shown in Figure 5.4. In this way movements in all three 

degrees of freedom in the plane of the model could be measured - indeed some 

redundancy was usually provided. Anchor forces could be measured with miniature 

semiconductor load cells. Some miniature earth pressure cells were also borrowed 

from the University of California which enabled some earth pressure measurements to 

be taken, but these proved not to be reliable, and the results were not used. 
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Figure 5.4 A model mounted in strong box 

Figure 5.5 Miniature displacement transducer 



The testing was divided into three groups where a variety of parameters were 

evaluated. Among these were: cement content, curing time, aspect ratio, anchor length, 

and anchor orientation. The testing concentrated on models made from granular soils 

(less than 10% fines) but a model of cement stabilized gypsum was also tested. The 

tests were designed to evaluate the failure modes of the cement stabilized backfill 

retaining wall with specific concentration on crushing failure, overturning failure and 

anchor pullout failure. A total of eight models were constructed, and from these eight 

models, a total of thirty-four tests were performed, as listed on Table 5.1. Figure 5.4 

shows a typical test with the wall cross-section painted black against the lubricated 

plexiglass side of the box, ready for a 2 dimensional model test. 

5.3 Test Results 

In the first set of tests two models were constructed, with a cement content of 7%. 

The two models varied only in the aspect ratio, being 40% and 80% respectively. The 

two models were tested four times each, the first up to 80 g's and the second to 100 

g's. The preparation of the model in the testing apparatus followed the procedures set 

for the test box by pluviation. The engineering properties of Monterey sand after plu­

viation were provided by the University of California at Davis staff. The resultant rotation 

versus time is shown in Figure 5.6 for the first test, which was performed up to 50 g's. 

In the second set of tests three models were constructed. The first was a 30% 

aspect ratio model, with a cement content of 7%. The second was a model of cement 

stabilized gypsum, with an aspect ratio of 60%. The last model was cement stabilized 

sand, with a 5% cement content and a 60% aspect ratio. The small rotations observed 

in the first set of tests indicated that the models were stable with respect to overturning. 

In order to achieve failure, extra instabilities needed to be introduced. The first instability 

investigated was the decreased aspect ratio, and even this test resulted in relatively 

small displacement. Other factors introduced to decrease stability were: loose backfill 

(poured rather than pluviated), surcharge on the wall, and surcharge on the backfill. 

The only combination that resulted in failure was a surcharge on the backfill, in con­

junction with a loose backfill. In this way it was possible to test the gypsum cement 

model to crushing failure, as follows. The combination of factors that resulted in failure 

were: 26.25 lbs of surcharge on the wall, loose backfill, and removal of the facing units. 

This model failed at 80 g's and is shown before and after failure in Figures 5. 7 and 5.8. 

The third model was tested up to 100 g's, with no surcharging, and with pluviated backfill. 
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Table 5.1 Outline of centrifuge tests 

ASPECT CURE MAXIMUM TESTING 
NAME RATIO TIME ACCELERATION FOR: 

(days) (g's) 
AMlA 7 80% 7 80 stability 
AMlB 7 80% 7 80 II 

AMlC 7 80% 7 80 II 

AMlD 7 80% 7 80 II 

AM2A 7 40% 10 100 n 

AM2B 7 40% 10 100 II 

AM2C 7 40% 10 100 II 

AM2D 7 40% 10 100 II 

AM3 5 60% 8 100 crushing 
AM4A 7 30% 28+ 100 stability 
AM4B 7 30% 28+ 100 II 

AM5 ?(gypsum) 60% 10 100 crushing 
AMSA II 60% 10 100 II 

AM5B II 60% 10 100 II 

AM5C II 60% 10 100 " 
AM5D II 60% 10 80 II 

AM6 7 30% 28+ 5 stability 
AM6B 7 30% 28+ 100 II 

AM6C 7 30% 28+ 100 " 
AM?A 5 60% 28+ 80 crushing 
AM7B 5 60% 28+ 80 II 

AM7C 5 60% 28+ 80 II 

AM7D 5 60% 28+ 80 II 

AM7E 5 60% 28+ 80 II 

AM7F 5 60% 28+ 80 II 

AM7G 5 60% 28+ 80 II 

AM7H 5 60% 28+ 80 II 

AM8A 5 60% 8 100 forces 
AM8B 5 60% 8 100 II 

AM8C 5 60% 8 100 II 

AM9A 5 60% 7 100 II 

AM9B 5 60% 7 100 II 

AM9C 5 60% 7 100 fl 
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Figure 5.7 Initial conditions - test AM 5D 

Figure 5.8 Crushing failure - testAM SD 
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The model showed little rotation, and relatively small movements. The motion of the 

wall was 0.5 mm at 100 g's, which corresponds to a full scale motion 1 in., or 0.4% of 

the height of the wall. 

In the third set of tests three models were tested, the first being the 5% cement 

content model from the previous set of tests. The other two models were 5% cement 

walls with an aspect ratio of 60% also, but with load cells attached to the middle anchor. 

In the first tests the model was tested to failure by surcharging the wall with 29.5 lbs (13 

kg) of dead weight with the center of gravity of the surcharge at a position 33% of the 

wall width from the front. This was equivalent to a doubling of the stresses at the toe of 

the wall. The wall failed in crushing at the toe, at an acceleration of 60 g's, which was 

equivalent to a 93 foot high wall at full scale. 

5.4 Anchor Forces 

The next two sets of tests (AM 8 and AM 9) were performed to estimate the forces 

exerted on the anchors by the facing units. This was done by rigidly attaching load cells 

to the facing plates, and connecting the measuring lever arm of the load cell to the free 

end ofthe anchor. The difference between the two models (8 and 9) was the orientation 

of the anchor on the face plates. In the first model the anchor was at 60% of the wall 

height above the toe. 

In each test three configurations were tested. The first (denoted A) was with all 

the face plates bolted together, but with anchors still in place in the other face plates. 

The second (denoted B) was with the other anchors removed. The third (denoted C) 

was with all the other face plates removed. The worst case was obviously the second 

configuration, and in this test the highest forces were measured. The actual anchor 

forces measured are shown in Figure 5.9 (tension being negative). At 100 g's a force 

of 7.5 gm was measured, which corresponds to a full scale model force of 165 lbs (0.75 

kN.). 
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5.5 Conclusions 

For typical wall geometries and properties, measured movements were small 

(seldom exceeding a scaled value of a few centimeters), and earth pressures were as 

indicated by standard theory. Forces in the anchors were also small, typically of the 

order of 200 lbs (1 kN) full scale equivalent In general, observed behavior of the pro­

posed design appeared to be satisfactory, as far as could be concluded from such 

physical model testing. 
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6 FULL SCALE EXPERIMENTAL CONSTRUCTION 

6.1 General 

In order to construct a full-scale section of wall to the experimental design, it was 

felt to be most economical to do this as part of ongoing TxDOT work. 

In conjunction with District 12 and the Bridge Division, potential sites for the full· 

scale field test section were identified, and the optimum site recommended as the 

Cypress/Fairbanks bypass of Highway 290 north-west Houston. A total of 10 retaining 

walls were to be constructed at this site, of varying heights and sizes. 

The walls on the North-East side of the 290 were suggested as more suitable than 

those on the South-West side, because they will be more protected from traffic and 

diversions on the existing road during construction, access may be somewhat easier 

after construction, and they include also the highest section of wall in this location. 

The optimum compromise was therefore felt to be walls no. 7 and 9 to be built in 

this design. These are walls of 16 ft. and 23 ft. height in their maximum cross-section, 

which were high enough to be significant, without having too extensive an experimental 

section. These locations are shown on Figures 6.1 and 6.2. Appendix A shows a 

detailed layout of the field project. 

6.2 Design Procedures/SpecHications 

Specifications for the letting of the experimental full-scale retaining walls (walls 7 

& 9) were completed in conjunction with the bridge division, and incorporated into the 

bid documents for the April 1989 letting of the Cypress/Fairbanks bypass. 

Draft material specifications were prepared for the stabilized fill. This included both 

materials specifications and recommendations for possible auxiliary test procedures for 

sulfates and pH. to address any corrosion concerns. Several features of the existing 

Reinforced Earth specifications and Texas Specifications were retained-in particular 

Items 274 and 432. The format is also similar, as far as possible. Some AASHTO and 

ASTM test procedures were referred to, in the absence of appropriate Texas Specifi· 

cations, as well as some auxiliary test procedures. These are in detail as follows: 
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SPECIAL SPECIFICATION 

CEMENT STABILIZED SOIL RETAINING WALLS 

Desciption. This item shall govern for the construction of Cement Stabilized Soil 

Retaining Walls in accordance with these specifications and with the lines, grades and 

dimensions shown on the plans. 

The Contractor shall make arrangements with either The Reinforced Earth Com­

pany or The VSL Corporation to provide facing panels conforming to the requirements 

of other retaining walls on this project. 

The Cement Stabilized Soil Retaining Walls are designated as experimental. 

Instrumentation will be installed and monitored by research personnel. The Contractor 

shall cooperate with the researchers and allow them access to the retaining walls during 

construction, and after the walls are complete. In addition, the Contractor shall insure 

that instrumentation is not damaged or disturbed during subsequent. 

Working Drawings. Prior to fabrication, the Contractor shall submit to the Engineer 

7 sets of shop drawings. These drawings shall include a numbered panel layout for 

fabrication and erection purposes, as well as for any required coping when it is pre­

fabricated. They shall further include the horizontal and vertical alignment of the walls, 

as well as the existing and proposed ground lines, all as shown in the contract plans. 

The shop drawings shall also reflect all information needed to fabricate and erect the 

walls including the proposed leveling pad elevations; the shape and dimensions of 

panels; the size, number and details of the reinforcing steel; the number, size, type and 

details of the facing anchorage, the size of leveling pad, and any additional details 

necessary pertaining to coping, railing, drainage or electrical conduit as required by the 

contract plans. Leveling pad elevations may vary from footing elevations shown on 

plans. However, the leveling pad elevations shall be s1Jch as to allow for transverse and 

longitudinal drainage structures shown on the plans. Unless otherwise noted on the 

plans, one foot minimum cover shall be provided from the top of the leveling pad to 

finish grade. 

Materials. Materials for face panels and attachment hardware shall conform to 

the requirements of the Item "Reinforced Earth Walls" or "Retained Earth Walls". 
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Backfill Material. 

1. All backfill material used in the structure volume shall be free from organic or 
otherwise deleterious materials, and shall conform to the following gradation limits as 

determined by Test Method Tex-110-E. 

Sieve Size 

3inches 
No. 4 

No. 200 

Percent Passing 

100 
75- 100 

0- 15 

2. The Resistivity shall be 1,500 ohms-cm or greater as determined by Test Method 
Tex-129-E. 

3. The pH shall be from 5.0 to 10.0 as determined by Test Method Tex-128-E. 

4. The Plasticity Index (P.1.) As determined by Test Method Tex-106-E shall not 
exceed 6. 

Backfill material shall be stabilized with cement Cement content shall not be less 
than 6 percent of the dry weight of the soil. The minimum design strength of the cement 

stabilized soil shall be 200 psi as determined by Test Method Tex-120-E. 

Testing and Inspection. Testing and Inspection shall conform to the requirements 
of the Item "Reinforced Earth Walls" or "Retained Earth Walls". 

Construction Methods. Construction Methods shall conform to the requirements 
of the Item "Reinforced Earth Walls" or "Retained Earth Walls", except that references 
to reinforcing strips or mesh shall apply to facing attachments, and except as shown 
below. 

Not more than 60 minutes shall elapse between the start of mixing and the time of 

starting the compaction of the cement stabilized soil. Any mixture of aggregate, cement, 
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and water that has not been compacted shall not be left undisturbed for more than 30 
minutes, and the compaction shall be completed within 2 hours of the time water is 

added to the mixture. 

Compaction shall be accomplished by use of tamping rollers or other equipment 

which will leave a surface with at least 1" of relief. The purpose of the rough surface 
shall be to allow subsequent lifts of backfill to interlock with previously placed material. 

If in the opinion of the Engineer, excessive loose material exists on a previously 
placed lift of material, the Contractor will be required to sweep or wash the surface before 
the next lift is placed. 

External bracing of the facing panels will be required during construction. The 

bracing shall be sufficient to maintain the alignment of the panels during backfilling and 
compaction. The bracing will be left in place for a minimum of 2 days after placement 
of backfill, or as approved by the Engineer. 

Measurement. "Cement Stabilized Soil Retaining Walls" will not be measured for 

payment but will subsidiary to the Item, "Retaining Wall". 

No measurement will be made of face panels, connection hardware, fasteners, 
joint filler, filter material, excavation in back of retaining walls and for footings, backfill, 

leveling pads and other incidentals; all these will be considered subsidiary. 

Payment. The work performed and materials furnished will be paid for at the unit 
price bid per square foot for "Retaining Walls" measured as specified in that item, as 
shown in the plans. 

The quantity for which payment is made will be that quantity shown on the contract 

plans and in the proposal, regardless of errors in calculation, except as may be modified 

by the following: 

(1} Either party to the contract may request an adjustment of the quantities shown 
on the contract plans if the area of a single retaining wall is in error by 5 percent or more, 
or by the incorrect inclusion or omission of one or more complete wall units. 
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The party to the contract requesting the adjustment shall present to the other, two 
copies of the description and location, together with calculations of the quantity for the 
structure involved. When this quantity is certified correct by the Engineer, it will become 

the revised plan quantity. Quantities revised in this manner will not be subject to the 
provisions of Standard Specification Article 4.5. 

(2) When the wall area only is revised by a change in design, the plan quantity will 

be increased or decreased by the amount involved in the design change. Quantities 
revised in this manner will be subject to the provisions of Standard Specification Article 

4.5. 

This unit price bid shall be full compensation for furnishing, hauling, and mixing all 
concrete materials; fabricating, curing and finishing all panels; furnishing concrete for 

foundations; furnishing and placing reinforcing strips, tie strips, fasteners, joint fillers, 
filter material and incidentals; for all reinforcing steel; for all excavation in back of retaining 

walls and for footings; for all backfill (except as shown below), including select backfill; 

for all labor and materials required to construct the concrete leveling pads to the line 

and grades as shown on the plans; wall erection; sprinkling and rolling for granular 

backfill materials; for furnishing and placing all temporary shoring, including soldier 

shafts or piling; and for all labor, tools equipment and incidentals necessary to complete 

the work. 

When Item 131, "Borrow (Delivered)", is used and Class 3 measurement is spe­

cified, or when the Special Specification Item, "Embankment", is used, retaining-wall­

backfill areas which are also in embankment areas will be measured for payment as 
"Borrow (Delivered) (Class 3)" or "Embankment", respectively, of the compaction 
method specified, as applicable. Such backfill material shall meet the requirements of 
this item. 
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The typical section detail used for the initial design is shown in Figure 6.3. Note 

that an underdrain is included just underneath the toe of the wall. At the time this was 

a standard detail for Reinforced Earth and Retained Earth walls in Texas, although the 

Texas DOT has now revised this detail. From the point of view of groundwater control, 

such a drain is undoubtedly beneficial, but can give structural problems, as is discussed 

in the next two sections. On this project the underdrain was eventually deleted in favor 

of a much thicker sand layer, and this has proved to be satisfactory both for foundation 

support and (apparently) for such underdrainage as occurs. This point is discussed in 

more detail in Section 8.6. 

6.3 Field Construction at Test Site 

The CyFair bypass was let 27 April 1989, to Williams Brothers Construction of 

Houston for $25, 119,788 (the pre-bid estimate was $30 million). The retaining wall 

subcontract was to Baytex Construction in VSL for $2,296,028, which bid $1,717,364 

for the 78,062 tt2 of non-stabilized wall (or 22 $/ft2) and $578,664 for the 24, 111 tt2 of 

stabilized wall (or 24 $/ft2, apparently just factoring in the cost of the extra cement). 

Their source of borrow material was at the South-East, and they commenced 

working towards it, from West to East, so that work started with walls 1 and 2, and 

finished with walls 9 and 10. Construction of the first cement stabilized soil retaining 

wall (wall 7) was commenced in October 1989 atthe Cypress-Fairbanks 290 bypass by 

the contractor (Baytex Construction) as part of CSJ 0050-06-003. Site supervision was 

provided by District 12 (Houston) personnel. Surveying control was provided by the 

contractor. Initial foundation preparation for wall 7 is shown in Figure 6.4. 

VSL Retained Earth also agreed to cast suitably sized (4 in. diameter) holes into 

the lowest middle panels. Some discussion ensued on the matter of providing a bond 

between successive lifts of cement stabilized fill, and it was agreed that this would be 

by earth moving equipment. The short anchors used are shown in Figure 6.5. 
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Figure 6.4 Foundation preparation for wall 7 

Figure 6.5 Facing panel anchors at wall 7 



7. FIELD PROBLEMS 

7.1 General 

In the evening of October 31, 1989, several inches of rain fell on the site, and the 

next morning considerable distress was noted at the experimental wall section, which 

at this stage had reached a height of about 1 O feet. Both T. T. I. and TxDOT staff met at 

the site on November 2, and at one location, a wall section had bulged considerably, 

and at another, significant separation had occurred between some facing units and the 

stabilized fill. This is shown in Figure 7.1, and in Figure 7.2 after some of the panels had 

been removed by a crane. On examination, massive settlement (over 1 foot) of the 

levelling pad had taken place as shown in Figure 7.3, (although the panels had remained 

anchored into the fill), some separation of the fill had occurred at lift joints, and the 

stabilized fill visible appeared very weak (as shown again in Figure 7.2). 

Considerable effort and discussion and planning was undertaken as to how best 

to expedite progress. Laboratory testing on samples taken from the failed section 

indicated that compressive strengths were much lower than specified. Several other 

difficulties were identified, including poor site drainage, and the existence of a loosely 

backfilled drainage culvert below the front of the retaining wall toe. 

The really major distress appeared to be associated primarily with massive 

settlement of a foot or more, at what appeared to be the location of an underground 

storm drainage culvert. By all accounts, this had been loosely backfilled with clayey fill, 

(possibly even sluiced into position), with no engineering control. A close up of this is 

shown in Figure 7.4. 

Site drainage was originally much worse at wall 7 than at wall 8. This was true not 

only for the base of the wall, but also for the top, since the stabilized fill did not drain as 

easily· aggravating water pressures behind the facing units. There appeared to be 

considerable evidence of surface runoff (and mud) over the top of the stabilized fill and 

down behind the facing units. Softening of the foundation at the toe therefore probably 

also took place. 
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Figure 7.1 Initial separation of facing units 

Figure 7.2 Weak fill at face of wall 



Figure 7.3 Plastic hinge in levelling pad 

Figure 7.4 Underground culvert manhole close to wall 
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Some bulging was also noticed at the second section of the wall, towards the 

southeast. This did not seem to be associated with any obvious settlement of the 

foundation. This distress may well have occurred as a result of the props being taken 

off too soon, in conjunction with poor strength development (as well as the poor drainage 

referred to earlier). Not only was the strength required in the specifications not achieved 

(even after substantial time periods), but the contractor appeared to have been unaware 

of the need to keep the props in position for a reasonable curing time (which is of course 

not necessary for the VSL design). Some longitudinal cracking of the stabilized fill was 

evident, behind the front face, particularly at this location. 

7 .2 Cracks within Fill 

The longitudinal cracking of the cement stabilized fill at wall 7 was addressed, as 

it was suggested that it might have been due to slip circle development within the wall 

itself, and that the stabilized fill strength may therefore have been insufficient to prevent 

slope failure of the fill. 

This is not believed to be the case, certainly if the strength of the fill remotely 

approached the values required in the specifications (notably 200 psi). A slip circle 

analysis was performed for the completed wall 17 ft.high. The minimum factor of safety 

found by a scanning routine (using PC-SLOPE and a Bishop's slip circle analysis) was 

7. 7. Conservative strength values were used of 100 psi. unconfined compression 

strength (corresponding to C = 7200 lbs/ft2) and zero friction(<!>= 0). 

The analysis is shown in Figure 7 .5, and was conducted with a grid of centers such 

that potential failure circles were forced to pass through the stabilized zone - thereby 

giving factors of safety for failure of the stabilized zone itself. It was possible to produce 

lower factors of safety for circles that pass underneath the stabilized zone, through 

unstabilized soil only, but this would correspond to failure of the foundation, and there 

was no evidence of this. 

Stability charts for vertical slopes gave similar answers. The conclusion was 

therefore that slope failure of the retaining wall was not a credible explanation for the 

cracks, unless the stabilized strength fell to as low as 15 psi.or thereabouts. It is possible 

that this may have happened locally, judging from the extremely weak apparent nature 

of the stabilized fill, right at the front face after the original bulging failure. However the 
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information from the tests indicate that the situation was not as bad at this, throughout 

the material as a whole, values ranging from 119 to 185 psi., as summarized in the next 

section. 

The cause of the cracks would seen to be related primarily to the large deformations 

taking place at this site. This includes both the substantial differential settlement of the 

subsoil in certain locations, and also the lateral motion of the individual facing units that 

is liable to take place if the temporary props are not left in place long enough for proper 

curing and strength development to take place. Thermal cracking was very unlikely at 

the low cement contents used here. However the existence of weak layers between 

successive lifts (resulting from failure to clean off mud and traffic dirt between lifts, and 

also the absence of significant surface relief between lifts, as specified) did not contribute 

to overall wall integrity. 

7 .3 Material Testing 

A summary of the unconfined compressive strengths (in accordance with ASTM 

D-1633) as obtained from trimmed bulk samples from the field, and tested approximately 

5 weeks or more after placement, is as follows: 

TABLE 7.1 - Summary of material test results 

Station: 1963+00 1963+50 1963+ 70 1964+50 1965+00 

Strength: 125 psi 185 psi 119 psi 178 psi 137 psi 

Cement Content: 6.8% 5% 6% 6.9% 5.5% 

Station: 1965+25 1965+35 1966+00 1966+50 1967+00 

Strength: 142 psi 127 psi 187 psi 128 psi 142 psi 

Cement Content: 5.9% 7.1% 5.3% 6.4% 5.2°.ki 

Since the specified strength requirement was 200 psi, the placed fill would clearly 

have been under strength at the time of the failure (1to2 weeks) and even more so at 

the time that the props were first removed. The specified cement content was 4.5% (or 

1.3 sacks/yd3), so that insufficient cement content did not appear to be the problem. 

In hindsight the sand used was too fine - grained for an adequate mix design, as the 
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contractor just used a local supplier without testing trial mixes, and apparently simply 

assumed that adding the specified minimum cement content would achieve the required 

strength. Full details are given in Appendix B. 

7 .4 Foundation Investigation - Site Geology 

A geologic review of the history of the site, indicates that the project is located 

upon the Pleistocene age, Montgomery Formation, illustrated in Figure 7.6. Previously 

this unit has been mapped and referred to as the Upper Lissie Formation. A general 

listing of the Montgomery Formation's characteristics is as follows: 

Clay, silt and very minor siliceous gravel of granule and small pebble size, gravel 

more abundant northwestward, locally calcareous, concretions of calcium car­

bonate, iron oxide, and iron manganese oxides common in zone of weathering; 

Fluviatile; Surface fairly flat and featureless except for numerous rounded shallow 

depressions and pimple mounds; + /- 100 ft.thick. 

Previous boreholes had been drilled at the site, in April 1985 and May 1986 by the 

Texas Department of Transportation. The results of the boreholes were made available, 

and portions of the data were used to interpret the soil stratigraphy underlying the project 

site. Specifically seven borings spaced from station 1960+55' to 1972+ 76' were 

employed to generate a subsurface cross-section between walls 7, 8, 9, and 10 as 

shown in Figure 7.7. 

As can be seen from the cross section, the geometry of the stratigraphy is typical 

of the Texas gulf coast in general and fluvial-deltaic complexes in particular. Abundant 

variation in sedimentary materials, lateral facies changes over relatively short distances 

and gradation trends are all indicative of the fluvial-deltaic nature of these deposits. The 

environment of deposition of the large sand bodies is one of relatively high energy. It 

is likely that these units were formed from ancient distributary channels during deltaic 

progradation. On the cross section are pulses or sequences of deposition indicated 

as "fining upward". These are another indicator of a fluvial environment of deposition 

for the soils at the site. The coarser sediments within these sequences are generally 

higher energy deposits. As the energy of the system decreases due either to channel 

abandonment or decreased flow following flood events, finer grained sediments are 

deposited. 
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General trends across the site are: 

1. Except for the N.W. end of walls 7 and 8, initial sands are found at a depth of 

approx. 15 to 20 ft. 

2. The units tend to become coarser overall with depth up to the data limit of 75 

ft. 

3. The shear strength of the soil although quite variable tends to increase with 

depth. 

4. Maximum values of shear strength occur at a depth of approximately 50 ft. 

5. The soils at a depth of 5 to 15 ft. tend to be stiff. 

6. Toward the S.W. (walls 9 and 10) units tend to become more complex leading 

to greater variations in physical properties. 

This confirms the variable and difficult nature of the foundation soils at the site. A 

more detailed discussion of the site geology is given in Appendix C, together with the 

original borehole logs at the site from 1985 and 1986. 

7 .5 Cone Penetration Testing of Foundation 

In response to performance problems experienced by the walls during con­

struction, a more detailed analysis of the subsurface characteristics directly adjacent to 

the walls was deemed necessary. 

A major effort was made in examining the true sub-surface conditions as accurately 

as possible. A program of cone penetration testing was implemented in the areas of 

wall 7, 8 and 9 to provide a continuous record of soil strength with depth. 

In order to allow the soil to be probed as close to the retaining walls as possible, 

a miniature piezo-cone was specified, which allowed probing within a foot or less of the 
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wall leveling pad. {A standard cone penetration truck would not have been able to probe 

closer than about 5 ft. to the wall, which would probably not make it between the wall 

and the suspected buried culvert). 

A total of thirteen electric cone penetrometer tests (CPTs) were performed ranging 

from 6.5 to 23.5 ft. penetration. The CPTs were located in the field by Mike Garrison of 

the Texas Department of Transportation. The locations of these soundings relatively 

to the earlier soil borings and the retaining walls are shown on Figure 7.8. It should be 

noted that the initial depths of the cone penetrations passed through reworked material 

excavated and recompacted in conjunction with construction of the wall. . Therefore 

analysis of the point resistance could give a good indication of the degree of compaction 

achieved along the base of the walls. 

The miniature electric cone penetrometer unit consisted of an instrumented tip 

and sleeve. A push rod and a hydraulic ram advanced the tip and sleeve into the ground. 

The system was mounted on a light-duty truck. The dead weight of the vehicle served 

as a reaction to the force required to push the penetrometer into the ground. A pho­

tograph of this system is shown in Figure 7.9. 

The tip resistance against penetration into the soil is the cone resistance (q). A 

conical tip with an apex angle of 60 degrees and a base of 1.27 cm2 measures this 

resistance. The operator pushed the tip into the ground at a constant penetration rate 

of 2 cm per second. A 25.4 cm 2 cylindrical sleeve located immediately above the tip 

measured the local side friction resistance (f). Strain gauge load cells built into the tip 

and sleeve continously measured the penetration resistance components, g and J. 
Electrical cables, located in the hollow push rods, carried signals from these cells to the 

on-board computer which digitized the data and recorded it on floppy disks. 

The CPT traces produce plot of point resistance, q sleeve friction, f, and friction 

ratio, f I q. Obtaining geotechni~al engineering parameters requires interpretation of 

the cone data. The soil stratigraphy was identified using Campanella and Robertson's 

Simplified Soil Behavior Chart reproduced in Figure 7 .10. Soil strength parameters were 

estimated for 0.2 ft. depth intervals using the following relationship: 
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Figure 7.9 Photograph of cone penetrometer sounding 
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where: Tip resistance 

Undrained shear strength 

Cone factor, 19.5 for this mini-cone 

This showed the following typical values of undrained shear strength (in k.s.f.) in the 

upper soil: 

Hole: 

Hole: 

TABLE 7.2 ·Summary of cone penetrometer strengths 

1 

1to2 

8 

2 

0.6 

9 

3 

2to4 

10 

4 5 6 7 

1to3 1to2 1 to 2 0.5 to 1.5 

11 12 13 

cu: 1 to 3 0.5 to 2.0 0.3 to 2 1 to 4 0.6 to 1 0.5 to 3 

Values consistently less than 0.5 k.s.f. (1000 p.s.f. or 7 psi or 50 kPa.) represent 
a factor of safety of less than 2 against undrained bearing capacity failure of a wall 20 

ft. high, and are clearly undesirable. Quite a significant proportion of the subsoil 

unfortunately appeared to fall into this category. 

More complete details of the cone penetration testing performed, are given in 

Appendix D. Laboratory testing to confirm these findings, was also performed on tube 

samples by the District 12 soils laboratory, and these are summarized in Appendix E. 
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7 .6 Site Reworking 

Initial reworking of the problem areas was carried out by the contractor, and 

regrading of the ground surface was carried out to improve site drainage. The affected 

areas included both the experimental and the conventional Retained Earth retaining 

walls, both of which exhibited significant outward tilting (especially wall 8, which was a 

conventional Retained Earth wall, shown in Figure 7.11). 

Rehabilitating the foundation for the existing experimental wall (wall 7) as well as 

some of the conventional reinforced earth walls, was suggested by the use of remedial 

piling through the compressible backfill to form a relatively rigid support for subsequent 

construction. After consulting Mr. Michael Ho of District 12, the decision was made to 

incorporate piled foundations underneath walls 2, 4, 5, 7 & 8, based on the combined 

results of the site investigations carried out by D-12 and T.T.I.. A plan of the design 

adopted is shown in Figure 7.12, involving 90 ton precast concrete piles installed 40 

feet below existing grade level in two offset rows. The innermost row was installed at a 

5 vertical to 1 horizontal batter, as can be seen also in the cross-sectional view in Figure 

9.4. A photograph of the finished piled foundation is shown in Figure 7.13. 

w1·1ile this was a controversial (although undoubtedly conservative} decision, from 

the point of view of testing the new design it was obviously preferable to be able to build 

an experimental wall on original earth. This would clearly be most representative of 

normal conditions, as conditions are seldom so bad as to require compaction piles 

under retaining walls. 

Fortunately, the consensus of opinion was that foundation piling would probably 

not be required at the location of wall 9, which meant that wall 9 (the higher of the two 

cement stabilized sections) would still be available for monitoring and testing on an 

original soil foundation. While this wall section here was somewhat higher than the 

cement stabilized section first constructed at wall 7, the results of the soils lab testing 

indicated that the subsoil properties at wall 9 were not as bad as at wall 7 and did not 

require expensive foundation remediation. Furthermore there was evidence that the 

contractors had been somewhat more careful about their soil backfilling at this location, 

as this was one of the last locations. The site investigation information here is also 

available directly underneath the position of the proposed wall, whereas at the previous 
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Figure 7.11 Outward tilting of conventional wall 8 
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Figure 7.12 Plan of piled foundation for wall 7 

92 



Figure 7.13 Photograph of piled foundation for wall 7 

Figure 7.14 Foundation preparation for wall 9 
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locations, information is only available to one side of the existing wall locations. Sub­

sequent observation and behavior of field performance at this site, has confirmed this 

assessment of the situation. 

As an additional precaution, an additional 6 feet of stabilized fill was also specified 

underneath the proposed construction at wall 9, to provide a substantial reinforcement 

and improvement of the foundation to a reasonable depth. Figure 7.15 shows the 

modified design detail for wall 9, and this is believed to be significantly more tolerant of 

subsurface settlement, although it is also somewhat more expensive. (In reality, the 

passage of time will also tend to help things, as any improperly compacted soil settles 

and consolidates). 

Figure 7. 14 shows a photograph of the foundation of wall 9 after preparation, with 

the stabilized fill extending well under the levelling pad; and this installation has per­

formed satisfactorily. 
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8. CONCLUSIONS FROM FIELD PROBLEMS 

8.1 General 

As a result of considerable investigations of the initial retaining walls constructed 

at the Cypress-Fairbanks bypass location, a number of conclusions can be made. 
These resulted from observations not only at the experimental wall (which at that time 
was only wall 7), but also of the conventional VSL Retained Earth walls, which also had 

significant problems (as shown in Figure 7.11), and in most cases had to be rebuilt. 

The conclusions can be divided into the following general categories, as follows. 

8.2 Strength Requirements 

As outlined in section 7.3 "Material Testing", it is clear in hindsightthat the requisite 
strength requirements of the initial specifications, were not met. Average compressive 
strength values of bulk samples recovered as long as several weeks after field con­
struction, were significantly less that the required value of 200 psi at 7 days, even though 
they had had the advantage of a much longer curing time. 

Ironically, the cement content of the stabilized fill did satisfy the specifications, 
averaging 6% when the minimum value specified was only 4.5%. In conversation with 
site personnel, part of the problem seems to have been that the original sand used in 

the mix, was just locally available sand, with a very fine gradation (almost 15% passing 
the number 200 sieve), barely satisfying the gradation specification, and with rounded 
to sub-rounded grains. No separate strength testing was done on the material at the 
time of placement, apparently because it was assumed that if the gradation specifica­
tions were satisfied, and also the cement content specification was satisfied, then the 
strength specification would automatically be satisfied. 

This of course turned out not to be the case, and was particularily true in areas 
where adequate compaction had been neglected - notably close to the facing units (see 

next section). This region was especially critical for this design, and when coupled with 

the use of sub-strength material, gave rise to particular problems there. 
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In the final construction and design, as mentioned in section 9, a much more 

carefully controlled sand was trucked in, for use in the mix. This proved to be much 

more suitable (primarily, it transpired, because of much greater grain angularity) and 

did not have any difficulty in achieving the design stabilized strength of 200 psi at 7 days. 

Indeed this strength was generally comfortably surpassed, test specimens achieving 

400 to 500 psi. However, it did highlight the importance of paying attention specifically 

to strength requirements, rather than simply assuming that gradation and cement 

content requirements would automatically be satisfactory. 

8.3 Propping Requirements 

It was noted also that there was a tendency by the contractor to remove facing 

unit props, relatively soon after the anchors were embedded in the backfill. This was a 

practice that would be possible with a conventional reinforced earth retaining wall, as 

the frictional force between the retaining straps and the granular backfill is essentially 

developed immediately. However, for this design, where a significant time period is 

required to allow the cement component to harden and develop strength, removal of 

props must be done much more carefully. 

The original specifications required that the external bracing be left in place for a 

minimum of 2 days after placement of the backfill. It seems likely that even this relatively 

easy restriction was circumvented initially, while the first experimental wall section was 

being constructed largely as a conventional reinforced earth wall. When taken in 

conjunction with the very low strengths initially achieved close to the facing units, it is 

perhaps not surprising that some of them partially separated from the backfill under 

water pressures. 

The second experimental wall section has performed adequately, without any 

change to the propping specifications (except that the contractor was more aware of 

its importance on this occasion). Consequently no further change has been suggested 

at present. However, it is possible that the bracing should be left in place for at least 2 

days, or "as long as is required to develop the design strength", whichever is greater. 

If the stabilized soil mix is well designed (as was the case for the second experimental 

wall), then the design strength will probably be developed in 2 days, and this would not 
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cause any inconvenience. However, in marginal situations, the developed strength 
requirement might control the bracing specifications, to a much greater extent than for 
conventional reinforced earth walls. 

8.4 Compaction Requirements 

The actual compaction densities achieved on this site, were mostly adequate, and 
did not cause problems globally. However, there were problems locally, at the facing 
units and at the anchors, where the importance of maintaining good compaction control 

appears not to have been always appreciated. 

As mentioned in section 8.2, fill strengths were particularily low right behind the 
facing units, where compaction was poor. In some cases, actual voids of uncompacted 

fill appear to have been left behind the facing units (see Figure 8.1 ). 

Again, this appears to be primarily a legacy of accepted practice with conventional 

reinforced earth walls, for which good compaction is not necessary right behind facing 
units, as they are retained by frictional straps that run for long distances into the frictional 
fill. Indeed, for conventional walls, good compaction right behind the facing units can 

actually be bad, as this can induce larger horizontal stresses than would otherwise be 
the case, and can cause localized "bulging" and movement of sections of the wall. 

However, with the stabilized fill design, good compaction is required right up to 
the facing units, in order to develop acceptable strengths and bond for the anchors. If 
necessary, hand compaction in this region could be specified, although an alternative 
(if good compaction here proved to be difficult and expensive) might be to lengthen the 
anchors so that adequate anchorage could be relied on within the bulk of the fill. This 
would however start to counteract the advantages of the experimental design. 

An additional point to be considered, is that compaction lifts should preferably not 

stop at the anchor elevations. Figure 8.1 again illustrates this point. If construction lifts 

are broken at these levels, then a plane of weakness automatically exists here, and it 

becomes somewhat easier for an anchor to be pulled out under excessive loads. Again, 
this a concern that does not exist for conventional reinforced earth walls, as only frictional 
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Figure 8.1 Compaction voids close to wall face 
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strengths need be developed between adjacent lifts, and no cementitious bond is 

required. If construction lifts were always continued to a level between anchors, then 

the presence of any joints between lifts would not have an effect on anchor capacity. 

This is an example of a construction detail that differs significantly from the common 

practice in the standard reinforced earth design, even though the two appear superfi­

cially similar. Inexperienced contractors are of course liable to approach construction 

planning of the two designs in much the same way, even though there are clearly 

significant differences. 

The bulging at the construction face would probably have been somewhat less 

likely if full-height one piece panels had been used, which would have been more 

successful in bridging over successive construction lifts. However, this would probably 

have required a separate contract for this project. In the event, adapting the VSL panels 

enabled the bid process for the project to be greatly streamlined, in view of other 

contractual project delays. In hindsight, extra care (particularly in the temporary sup­

ports) is probably required for the cement-stabilized design, if segmental panels are 

used. 

8.5 Placement Conditions 

Other factors that were important for the experimental design, and were not really 

appreciated by the contractor in initial construction, were the importance of maintaining 

surface relief between lifts, good site drainage, and the importance of removing loose 

soil between lifts. If these factors were neglected (as in some instances they were) then 

good bond between adjacent layers of placed fill could no longer be relied upon. 

Good surface relief had been mentioned in the specifications, but was not con­

sistently maintained initially. In some instances, rubber-tired rollers were used to 

compact fill, which resulted in an unnecessarily smooth surface finish. The original 

specifications were undoubtedly adequate in this respect, and when this was pointed 

out, sheepsfoot rollers were brought in for compaction. These were much better in 

producing a surface with significant relief, and no doubt contributed to the greatly 

improved wall integrity after the initial problems. 
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Site drainage at wall 7 had also been inadvertently arranged so that surface runoff 
from the soil embankment behind the wall, drained onto the top of the working surface 

of the cement stabilized fill. This exacerbated problems with surface bond, as any heavy 
rainfall would tend to wash loose soil onto the next construction joint, producing a plane 
of weakness and reducing bond there. The problem was much less marked subse­
quently, when drainage was arranged to carry surface water away from the face of the 

wall, and away from the working surface of the cement stabilized fill. 

In the same vein, a lot of loose soil appeared to be present initially, on the top of 

placement lifts, if they had been allowed to stand for a while. The importance of fully 

cleaning these off, had not necessarily been fully appreciated initially, as it would not 
normally be a major concern with a reinforced earth wall, even though the specifications 
mentioned specific precautions in this regard. Again, this potentially resulted in a plane 

of weakness in the resulting cross-section. If this occurred at the elevation of a line of 
anchors (as was often the case), then this would serve to reduce even further the anchor 
bond strength, that might already have been reduced by insufficient compaction close 

to the wall. 

8.6 Foundation Conditions 

Another design condition that was not entirely appreciated initially, was the 
increased sensitivity of a more brittle design like this, to the deformation of the foun­

dations. Although a cement-stabilized wall like this, will always be more brittle than a 
purely mechanically reinforced wall, the sensitivity of the cross-section to subsurface 

settlements can be substantially reduced, if accommodated in the initial design. 

The original design cross-sections (shown in Figure 6.3) did include a layer of sand 
underneath the cement stabilized fill, but this was included primarily as a drainage layer, 
and was stopped short at the levelling pad used to support the first row of facing panels. 
In reality, a layer of sand here, serves to act as a "bedding layer" to accommodate a 

certain degree of differential subsidence, as well as providing drainage. Wall 7 was built 
according to this cross-section. Although the main cause of distress was almost cer­

tainly subsurface lack of compaction, as discussed in the next section, it was then 

realized that this zone could in fact be used creatively, and make life easier for the overall 

structure. 
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Consequently, in the revised drawings issued for the construction of wall 9, the 

thickness of the stabilized sand layer was increased to 6 feet (2 m. ). The internal drainage 

pipe was in fact deleted (as underdrainage of the wall cross-section appeared to be a 

secondary design consideration, in any case). Most importantly, the sand layer was 

extended well past the toe of the wall to provide a significant layer of support for the wall 

above, especially under the leveling pad that is initially required to support at least part 

of the weight of the facing panel units. In this way, (especially if the sand was well 

compacted) this zone would help to accommodate and relieve the large stresses and 

stress concentrations that otherwise tend to build up at the toe of a gravity wall like this. 

Figure 7.15 shows the revised cross-section, and this is believed to be a significant 

improvement in this respect. 

Such a foundation detail would probably allow a cement-stabilized design to be 

built on even relatively weak soils. In extreme cases, a piled foundation could be used, 

as was done for wall 7, although this is probably normally not necessary. Wall 9 was 

constructed to a height of 28 ft. (8.5 m.) on relatively soft soil, using the details shown 

in Figure 7 .15 (without piling}, and has so far performed well. 

The absence of a specific drainage pipe does not seem to have been deleterious 

so far, as the sand is probably sufficiently permeable in respect to the other compacted 

fill and original earth, that the layer will act as a drain anyway. When the roadway and 

surface drainage details are completed, the amount of rainwater infiltrating into the 

backfill from the road surface will be greatly reduced from its present value. However 

even before completion of the roadway, drainage does not appear to have been a 

problem at this site, and certainly is secondary to other factors. 

As was mentioned in section 6.2, the original standard detail for conventional 

Mechanically Stabilized Earth retaining walls has in the meanwhile been modified by the 

Texas DOT. The experience from this project indicates that structural support is a more 

important function of such lower layers, than underdrainage - at least for the relatively 

soft and clayey soil geology prevalent in the Houston area. 
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8. 7 Underground Structures 

Almost certainly the biggest single contributor to the distress originally experienced 

at wall 7, was that an underground drainage culvert appeared to be founded too close 

to the toe of the wall. A close-up of manhole access is shown in Figure 7.4. This 

underground drainage structure had been constructed a year or two beforehand, and 

control of the compacted backfill appeared to have been slim to non-existent at the time. 

On the assumption that the sides of the trench had been sloped back to at least 1 H. to 

IV. (to satisfy OSHA requirements), this meant that portions of the front toe of the retaing 

wall, were resting on compacted fill of uncertainly quality as is illustrated in Figure 8.2. 

Local soil is very clayey, and the same material was almost certainly used for backfill. 

Collection lines to the drop inlet intakes from the eventual road surface also ran 

underneath the wall at intervals, to deliver surface runoff to the storm drains. This is 

shown diagramatically in Figure 8.3. Compaction of the backfill over these buried 

conduits was also uncertain, and it was at such location that the major distress occurred 

at wall 7. 

The relatively obvious conclusion is that care must be taken in constructing major 

earthfill structures over buried subterranean structures, especially if backfill placement 

is not controlled. It is certainly possible to do so safely, as evidenced again by wall 9, 

which was constructed satisfactorily over similar underground drainage installations. 

However, as discussed in the previous section, considerable attention was paid to the 

foundation details under these circumstances. 

In general, manmade underground structures are best kept out of the zone of 

influence of such retaining walls. 
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8.8 Stabilized and Non-Stabilized Cross-Sections 

The question has been raised as to whether or not cement stabilization of the 

cross-section is in general beneficial. It has been the practice in the Houston area for 

contractors to add cement to backfill material, whether required or not, even for con­

ventional mechanically stabilized walls. The normal assumption is that the additional 

cement stabilization can only be a good thing, as it will increase the overall strength of 

the cross-section. However, one circumstance where cement stabilization may make 

things worse, is in respect to peak pressures at the toe of a retaining wall. Since a 

stabilized wall will initially act as a rigid body, the overturning moment from active 

pressures will cause a maximum pressure at the front toe. 

Because a non-stabilized reinforced earth retaining wall is less rigid, and will "give" 

internally as soon as there are significant non-uniform stresses on the foundation, this 

effect will be less pronounced. Some non-uniformity of foundation stresses will still be 

present, as this is necessary to satisfy moment equilibrium, but internal wall deformations 

will allow the peak toe pressure to be partially redistributed over the rest of the cross­

section. This would be an advantage if the wall were founded on particularly soft soil. 

Redistribution of foundation stresses will also occur eventually with a monolithic 

cement stabilized cross-section founded on soft soil, but only after subsurface yielding 

and slight angular rotation of the cross-section. Because unstabilized cross-sections 

can deform internally at much lower stresses, the redistribution of stress would take 

place much sooner, although at the expense of some internal strains within the wall, 

rather than within the foundation, as is the case with a more rigid cross-section. The 

use of deformable compacted sand bedding layers underneath the retaining wall (ideally 

extending out in front of the toe) is suggested as being of potential benefit under these 

circumstances. 

Interestingly enough, District 12 experience appears to be that settlement prob­

lems have increased on projects where cement stabilization has been omitted. This 

has been true in a number of locations, and implies that overall settlement is still the 

controlling factor in most situations. 
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9. FINAL FULL SCALE CONSTRUCTION 

9.1 General 

Due to the distress that occured in wall 7 during November 1990 the design pro­

cedures and specifications for the construction of the retaining walls at the Cypress­
Fairbanks site needed to be revised. The revisions were to address the large settlement 
problem, the weakness of the stabilized fill, and methods for countering them. After 

considerable discussion, the revised design procedures and specifications were drawn 
up and implemented for wall 9, whereas remedial measures were used to reconstruct 
wall 7. 

To determine the in situ performance of walls 9 and 7 a monitoring study of the 
site was undertaken. The goals of the study were to judge the behavior of the walls and 
to provide a history of performance of the stabilized fill. To accomplish this, various 

instrumentation was installed behind the two walls in both the stabilized fill and the soil. 

The instruments used were inclinometers, both vertical and horizontal, earth pressure 
cells, and load cells. 

9.2 Revised Specifications 

Although there was no opportunity in the time scale of this project, to issue revised 

specifications, it is suggested that the wall specifications could be modified, in view of 
the problems observed. Possible revised specifications might be as follows: 

DRAFT ITEM 

PORTLAND CEMENT STABILIZED GRAVITY RETAINING WALL 

(a) Description. This item specifies materials and construction of portland cement 

stabilized gravity retaining walls as required by the plans. 

(b) Materials. 
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(1) Portland Cement. Cement will be Type I, II, or Ill Portland cement conforming 
to Item 524, "Hydraulic Cement". Use of Types I or Ill may require additional testing 

under Item c. 

(2) Water. Water will meet the requirements for mixing water in Item 360, "Concrete 

Pavement". 

(3) Waterproofing. Materials for waterproofing will be of the type shown on the 

plans and will conform to the material requirements of Item 458, "Waterproofing". 

(4) Drainage. Filter material and drain pipe will conform to the material require­

ments of Item 556, "Pipe Underdrains". 

(5) Soil to be Stabilized. Coarse grained, durable soils and/or aggregate materials 

will be used. Material sources will be approved prior to use. The material must conform 
to the following requirements when tested according to Test Method Tex-110-E: 

Sieve Percent Passing 

3.0" 100 
1.75" 75-100 
No.4 75-100 

No.40 15-95 
No. 200 0-15 

The fraction passing the No. 40 sieve will meet the following requirements when 
tested in accordance with Test Method Tex-106-E: 

The Plasticity Index shall not exceed 6. 
The liquid limit shall not exceed 35. 

If the engineer has reason to suspect that the soil is acidic or contains organic or 

sulfates in amounts which might adversely affect the strength of the final product, the 

pH test and/ or sulfate tests given in section 0) should be performed. If the pH measured 

in the pH test of section 0) is less than 12.0 and/or the percent sulfate determined using 
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one of the sulfate determination tests of section 0) is greater than 1.0 percent, the wet/ dry 

and freeze /thaw tests of section ( d) must be performed and the Engineer will determine 

material acceptibility based on these tests. 

(c) Equipment. Paragraph 274.3 of Item 274, "Cement Stabilized Base" applies. 

(d) Proportioning of Mixes. Cement content shall not be less than 4.5 percent of 

the dry weight of the soil. The material should be compacted to not less than 95 percent 

of Compaction Ratio Density, Test Method Tex-114-E. The proportioning is based on 

strength design. The strength design allows indirect consideration of local climatology 

and wall geometry. Unless otherwise specified on the plans, a minimum average 

unconfined compressive strength of 200 pounds per square inch is required at an age 

corresponding to the expected time of removal of temporary .external bracing or at an 

age of 7 days, whichever is shorter. In addition, the average strength must equal or 

exceed that indicated in Figure 1 for the expected in situ stress state and age. 

(e) Evaluation of Failure by Fracture. If the Engineer has reason to suspect that 

changing stress states induced within the wall during construction or after completion 

could induce catastrophic failure by fracture within the wall, the evaluation described in 

this section should be accomplished. Test Methods Tex-117-E and Tex-120-E and 

should be used as guides for conducting the test to ascertain whether or not the material 

complies with the strength requirement shown in Figure 9-1. Note that, as the wall is 

built up, the age and expected triaxial compressive stress state in the lower layers 

changes, which necessitates testing at the new conditions. A minimum of three minor 

principal stress states should be used. 

(1 a) The unconfined compression test (0 psi confinement) should be conducted 

for age mentioned above (7 days maximum) and 

(1 b) for the minimum age expected in the event of early completion of the entire 

wall (no testing required using ages greater than 90 days if Type II cement is used). 

(2) A second test should be conducted at the in situ radial confining pressure 

expected at the bottom of the wall at the age mentioned above (7 days maximum). 
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(3) A third test should be conducted atthe age mentioned above [l days maximum) 

and at the in situ radial confining pressure expected in the wall considering the final 

overburden, surcharge, and/ or expected vehicle loading. 

(4) A fourth test should be conducted at the in situ radial confining pressure 

expected in the wall considering the final overburden, age (no testing required using 

ages greaterthan 90 days if Type II cement is used), surcharge, and/or expected vehicle 

loading. 

Three replications of the laboratory tests will be appropriate if consistent results 

(i.e. within 10 percent of the average) are obtained. The tests at the early age [l days 

maximum) can also be use to determine the angle of internal friction to be used for 

calculating panel facing anchor pullout capacity. 

Enter Figure 9.1 with the minor principal stress/unconfined compressive strength 

ratio for the appropriate age and expected confining pressure on the horizontal axis. 

Move vertically to the line marking the boundary of the acceptable region. Move hori­

zontally to determine the acceptable ratio of maximum principal stress to the same 

unconfined compressive strength used in the first step. If the average value of the 

maximum principal stress/unconfined compressive strength ratio at failure from the 

laboratory triaxial testing does not exceed this value, precautionary measures should 

be taken to ensure that the material will not fracture catastrophically. 
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Environmental Considerations. If the material will be placed in an area where, or 

in an application in which, wet/dry cycles can be expected, the maximum weight loss 

in the wetting and drying test (MSHTO T135 or ASTM 0559 but using Texas sample 

preparation techniques) should not exceed 14 percent. If the material will be placed in 

a freeze/thaw prone application, the maximum weight loss in the freezing and thawing 

test (MSHTO T136 or ASTM 0560 but using Texas sample preparation techniques) 

should not exceed 14 percent. The volume change should be less than 2 percent. 

Sampling and Testing. In addition to tests mentioned in paragraph 424.4, tests 

for moisture and density will be made on the material immediately following placement, 

and a minimum of three specimens will be made for unconfined and confined (one 

confining pressure minimum) compression tests for each 1000 tons of material or 

fraction thereof placed each day. 

Construction Methods. Construction methods are substantially the same as 

described in paragraph 423.3 of Item 423 "Retaining Wall" and paragraph 274.6 of Item 

274 "Cement Stabilized Base". 

If the site investigation indicates that problem soils are present (e.g. swelling clays, 

or support which may lead to significant differential settlement), the Engineer may wish 

to specify a foundation treatment such as that found in Item 230 "Roadbed Treatment", 

Item 260 "Lime Treatment for Materials in Place", or Item 270 "Portland Cement Treat­

ment for Materials in Place". 

At the discretion of the Engineer, retardant additives such as calcium lignosul­

phonate or hydroxylated carboxylic acid can be specified in small amounts (e.g. 0.25 

pounds per bag of Portland cement) if significant delays are expected between mixing 

and compaction or if bonding between layers appears to be less than desirable. 

9.3 Instrumentation and Installation 

During the construction of wall 9 and the reconstruction of wall 7, field instru­

mentation was installed to determine the movements and stresses in the soil and the 

stabilized fill, along with the forces applied on certain wall anchors. The movements 

were measured using vertical and horizontal inclinometers, and earth pressure cells 
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and load cells measured stresses and forces, respectively. Figure 9.2 to 9.5 illustrate 
cross sectional and elevation views of walls 9 and 7 indicating the instrumentation used 

and their locations. 

The construction of wall 9 and reconstruction of wall 7 occurred in stages and was 
performed during late 1990 and early 1991. After the remedial piling was placed beneath 
wall 7, the leveling pads for the two walls were installed. The construction of the two 
walls then proceeded with lifts of stabilized fill being placed behind the leveling pads. 
Additionally, the front panels of the walls were put into place on top of the leveling pads 

with anchors embedded in the stabilized fill. Props were used to keep the front panels 

in place and were left for a reasonable amount of time to let the stabilized fill cure and 
the bond strength of the anchors to develop. As the lifts of stabilized fill and front panels 

were put into place the field instruments were also installed. 

9.4 Inclinometers 

(a) Vertical Inclinometers 

A Since Digitilt Inclinometer, Model 50309-M with Model 50325-M sensor, and a 
Since Digital Indicator, Model 50309, were used to determine the lateral deflections of 
the vertical inclinometers. The inclinometer sensor was operated in a permanently 

installed vertical casing. The inclinometer casing consisted of 2. 75 in OD plastic pipe 

that was capped at one end and which contained longitudinal grooves. The sensor 

was placed in the casing ensuring thatthe wheels of the sensor lined up with the grooves 

and was lowered into the casing by an interconnecting cable. The principle of operation 
is shown in Figure 9.6. Readings were taken every 0.5 m (1.64 ft) to determine the 
deflection of the casing in the direction of the grooves. The readings were recorded on 
the indicator and transferred to data sheets manually. 

At wall 9 two vertical inclinometers were installed, one in the stabilized fill and the 

other in the soil (Figure 9.2). The capped end of the inclinometer casings were installed 
to a depth equivalent to the existing ground surface. The grooves of the casings were 

aligned parallel (ie. N-S} and perpendicular (ie. E-W} to the wall. These are the expected 

directions of movement of the wall, stabilized fill and the soil. Stabilized fill and soil were 

placed in lifts around the inclinometer casings, depending upon their location, to provide 

support. Figure 9. 7 shows a photograph of the installation of the vertical inclinometers. 
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Figure 9. 7 Inclinometer installation at half height 
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(b) Horizontal Inclinometers 

A Sinco Horizontal Digitilt Sensor, Model 50329, and a Sinco Digital Indicator, 

Model 50309, were used to determine the vertical movement within the stabilized fill and 

soil. An individual horizontal inclinometer system for walls 9 and 7 consisted of per­

manently installed horizontal inclinometer casings with a pull cable arrangement. The 

inclinometer casings consisted of a grooved 3.34 in OD plastic pipe, while the cable 

wire was stainless steel. The sensor, which was linked to the digital indicator by an 

interconnecting cable, was attached to the pull cable and placed in the casing. The pull 

cable was then used to advance the sensor, with readings being taken every 0.5 m 

(1.64 fl} to determine the deflection of the casing. The principle of operation is shown 

in Figure 9.8. 

Since the casing was only accessible from one end, a dead end pulley assembly 

was used to return the cable. For this a second plastic pipe of O. 75 in OD was attached 

parallel to the casing to house the returning cable. At the inaccessible end the two pipes 

were connected to a steel box, which housed the pulley. Consequently, the pull cable 

ran through the inclinometer casing, around the pulley and returned in the attached 

plastic pipe. The dead end pulley system was used to avoid the risk of the probe or 

sensor becoming entangled with the return wire. Figure 9.9 shows a close-up of the 

end of a horizontal inclinometer installation, with the dead end pulley system. 

For both walls 9 and 7, the horizontal inclinometers extended from the face of the 

wall to the soil {Figures 9.2 and 9.4). During installation of each of the inclinometers a 

small channel was dug, at the appropriate elevation, for the inclinometer casing and the 

dead end pulley assembly. The dead end pulley assembly was placed in the soil (Figure 

9.9). The grooves of the inclinometer casing were placed vertically (ie. D-U) and parallel 

to the wall (N-S), so that the relative and absolute settlement and vertical heave could 

be determined. Stabilized fill and soil were then placed over the inclinometers, in the 

appropriate locations, to permanently embed them. 

9.5 Anchor Load Cells 

Four electrical resistance load cells were used, three on wall 9 and on wall 7, to 

determine the forces on the wall anchors. The load cells consisted of two electrical 

resistance strain gauges, bonded to the outer periphery of a steel cylinder. The strain 
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Figure 9.9 Photograph of pressure cells and return pulley 

Figure 9.10 Photograph of anchor load cells 
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gauges were oriented parallel and perpendicular to the axis of the cylinder to measure 
the axial and tangential strains. The strain gauges were connected to form a single full 
bridge network, which reduces errors by integrating the individual strain gauge outputs. 
The strain gauges and full bridge were wrapped in electrical tape around the steel cyl­
inder. The entire assembly was placed inside a larger diameter cylinder. This was done 

to protect the gauges from mechanical damage. A waterproofing compound was used 
to fill the void between the cylinders and to protect the gauges from water damage. 

Each load cell was tested at Texas A&M University, before installation, to determine 
the calibration curve for the resistance measured and the corresponding force applied. 
In the field a 12 volt battery supplied the current to the strain gauges. The resistance 
change of the strain gauges due to deformation was read in millivolts and measured 

using a volt meter. The resistance change was then converted to the corresponding 
force using the calibration curve for the individual load cell. 

The installation of the load cells in the field consisted of rigidly attaching the indi­

vidual load cells to the wall anchors. For convenience the load cells were mounted to 

the wall anchors adjacent to the locations of the horizontal inclinometer casings, so that 
the wires for the load cells could be run parallel to the casings. Stabilized fill was then 
placed around the anchors and the load cells, so that when the fill cured it would bond 
to both of them. Figures 9.2 and 9.4 illustrate the locations of the load cells for the two 
walls. A photograph of an installed load cell is shown in Figure 9.10. 

9.6 Earth Pressure Cells 

A total of eight earth pressure cells were installed in both the stabilized fill and the 

soil behind wall 9. The earth pressure cells were made by Kulite Sensors Limited and 
are of the diaphragm type. A diaphragm type of earth pressure cell is a circular disk in 
which the upper surface has a flexible circular membrane on it that deflects under the 
external soil pressure. The deflection of the membrane is measured by the strain gauges 

bonded to the lower surface of the membrane. These particular devices incorporated 

a full bridge of semi-conductor strain gauges diffused into a silicon diaphragm, for high 

sensitivity, and required only an input voltage to produce an appropriate output signal. 

The resistance changes measured by the strain gauges were recorded on a Sinco Digital 

Indicator, Model 50309, and were converted to stress using the factory provided cali­
bration curve. 
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The earth pressure cells were installed at the same time as the horizontal incli­
nometer casings. The wires from the earth pressure cells were run along the inclinometer 
casings. The locations and orientations of the earth pressure cells were selected to try 
and determine the stress state in the soil, the vertical stress in the stabilized fill and the 
lateral stress on the wall. Consequently, the earth pressure cells were oriented both 
horizontally and vertically, with the vertical earth pressure cells having their axes parallel 
to the wall. Figure 9.2 illustrates the locations and orientations of the earth pressure 
cells. A photograph of an installed earth pressure cell is shown in Figure 9.9. 
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10. FIELD BEHAVIOR AND DATA REDUCTION 

10.1 Inclinometers 

Four inclinometers were installed behind wall 9 and one inclinometer was installed 

behind wall 7. All of the inclinometers are functioning properly, except that the inner 
vertical inclinometer in the soil behind wall 9 has not yet been used, because a con­

struction road was built adjacent to it leaving its upper portion unsupported. Table 10.1 
indicates the dates of the initial readings of the inclinometers, as well as the directions 
of the fixed reference orientations for the positive deflections. Each time the inclinometer 
is surveyed the spring loaded wheels are first set in the grooves of the casing parallel 

to the reference direction and the readings are taken every 0.5 m (1.64 ft~. For com­
pleteness, the sensor is rotated 180°and readings then taken again. This is so that the 
algebraic difference of the two readings is equivalent to the average of the two sets. 

This eliminates the zero drift between the readings. For each of the positive inclinometer 

directions the algebraic difference of the initial reading is subtracted from each of the 
differences of the subsequent readings to yield the change in slope of the inclinometer 
casing. 

To obtain the cumulative slope change, the slope changes at each interval for an 
individual reading were summed starting from the reference end of the casing (le. the 

bottom of the casing for the vertical casings and the face of the wall for the horizontal 

casings). The cumulative slope change values at each interval were then multiplied by 
the instrument scale factor to yield the deflection. In the case of the vertical inclinometers, 
the deflection is the absolute deflection, however for the horizontal inclinometers this 
yields the relative deflection. To obtain the absolute deflection, surface surveying 
measurements of the reference end of the inclinometer casing (iA at the wall) must be 
added to the relative deflection. Using the above method for reducing the data ensures 

that the positive deflection is parallel to the reference direction. 

Figure 10.1 shows a photograph of horizontal inclinometer measurements being 

taken on wall 9. 
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TABLE 10.1 - Inclinometer orientations 

Instrument Date of Initial. Positive Reference Positive Reference 

Reading Direction Direction 

Horiz. 1 - lower Dec.20, 1990 Down North 

Horiz. 2 - upper Jan. 11, 1991 Down North 

Vert. 1 - outer Dec.20, 1990 East North 

Vert. 2 - inner Not Used Yet 

Horiz. 3 - wall 7 Apr. 4, 1991 Down North 

10.2 Anchor Load Cells 

The load cells installed on the anchors behind the walls are working properly, 

except that two of the load cells (1 and 2) appear to have shorted out. The cause of 

the short is unknown, although in the case of load cell 1, it is probably due to becoming 

submerged under the new watertable. To determine the force on the anchors the 

resistance change in the strain gauges within the load cells was measured. These 

readings were converted to a force using the calibration curves. 

10.3 Earth Pressure Cells 

The earth pressure cells installed behind wall 9 are all working and recording the 

stresses in the soil and stabilized fill. The initial resistance changes in the strain gages 

within each of the pressure cells were recorded on December 11, 1990. Additional 

readings were taken at select times thereafter. To determine the stress level on each 

pressure cell, the initial reading is subtracted from each reading taken and then is 

converted to stress using the factory supplied calibration factor. 
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10.4 Results - Wall 9 

(a) Horizontal Inclinometers 

The settlement and/or vertical heave for the stabilized fill and soil is illustrated by 

the relative and absolute deflections of the two horizontal inclinometer casings shown 

in Figures 10.2 to 10.5. In general, both the stabilized fill and the soil behind the wall 

are settling uniformly. The magnitude of the settlement is 1.65 mm (0.065 in), which 

quite small. In addition, the wall itself is settling as essentially a rigid body. Table 10.2 

indicates the change in height between the two inclinometer holes at the wall face for 

various times. The values were determined by subtracting the difference of the absolute 

deflection values for the two inclinometers, at the wall face (i.e. zero distance), from the 

initial distance between the inclinometers (i.e. 9.5 ft., see Figure 9.3). 

TABLE 10.2 - Separation between Inclinometers 

DATE SEPARATION 

1/11/91 9.49 ft. 

2/11/91 9.50 ft. 

4/4/91 9.51 ft. 

7/16/91 9.50 ft. 

8/16/91 9.48 ft. 

(b) Vertical Inclinometer 

The deflections of the vertical inclinometer, both parallel and perpendicular to the 

wall are shown in Figures 10.6 and 10. 7. The deflection of the inclinometer perpendicular 

to the wall indicates that the upper portion of the wall is rotating towards the wall face, 

whereas the lower portion is being denected into the stabilized fill (Figure 10.7). The 

magnitude of the differential deflection, between the top and center of the wall, is 1.5 
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mm.(0.059 i~, which is the same as the maximum central deflection. It should be noted 
that the maximum central deflection occurs at approximately the same height as the top 
horizontal inclinometer. In addition, the deflection of the inclinometer parallel to the wall 
indicates that, after an initial southward deflection, the stabilized fill is being displaced 
northward, with the top meter of the fill having the greatest displacement (Figure 10.6). 

(c) Earth Pressure Cells 

Table 10.3 indicates the variation in stress with time for the various earth pressure 
cells. Initially the stresses recorded are largely as expected for gravity loading. However 

with the passage of time the stresses decrease and actually become tensile for some 
of the pressure cells. While the exact cause of this behavior is not known, a possible 
explanation for this could be that arching of the soil and stabilized fill is occuring around 

the pressure cells leading to stress concentration of the normal stress at the edges of 

the cells, instead of being uniformly distributed across it. Consequently, this could cause 
the pressure cells to underestimate the stresses. The magnitude of the underestimation 
would depend upon the ratio of the stiffness of the membrance to that of the stabilized 
fill and soil. 

( d) Load Cells 

The variation in the forces on the anchors with time for the monitored anchors is 
given in Table 10.4. From this table, it is clear that the forces are increasing with time. 

As expected, the forces on load cells 2 and 3, which roughly correspond to the location 

of the maximum deflection of the wall, are higher than that in load cell 1 at the base of 
the wall. 
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Table 10.3 Pressure cell table 

Date Pressure Pressure Pressure Pressure 
Cell# Cell # Cell# Cell# 
6733 6734 6735 6736 
(psi) (psi) (psi) (psi) 

1/11/91 17 .55 17 .10 11.70 10.35 
2/14/91 17 .55 7.20 4.95 9.90 
4/4/91 17 .75 -6.80 4.05 11.70 

7/16/91 2.25 -30.60 1.35 4.50 
8/16/91 1.35 -29. 70 4.05 1.35 

Date Pressure Pressure Pressure Pressure 
Cell# Cell# Cell # Cell# 
6737 6738 6739 6740 
(psi) (psi) (psi) (psi) 

1/11/91 22.50 16.20 22.05 9.00 
2/14/91 12.60 16.65 21.15 0.45 
4/4/91 4.95 14.85 16.20 4.05 

7/16/91 -15.30 -9.45 -7.65 -5.85 
8/16/91 -16.65 -14.40 -12.60 -5.85 
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Table 10.4 Load cell table -wall 9 

Date Load Cell #1 Load Cell #2 Load Cell #3 
(kg) (kg) (kg) 

12/11/90 20.53 159.49 47.22 
1/11/91 60.49 172.91 103.63 
2/14/91 90.48 233 .11 146.00 
4/4/91 109. 72 299 .61 shorted 

7/16/91 161.89 527 .07 shorted 
8/16/91 shorted 347 .89 shorted 

Table 10.5 Load cell table -wall 7 

Date Load Cell #4 
(kg) 

12/11/90 
1/11/91 
2/14/91 

4/4/91 13. 71 
7/16/91 25.69 
8/16/91 40.14 
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10.5 Results -Wall 7 

(a) Horizontal Inclinometer 

The relative and absolute deflections of the horizontal inclinometer are shown in 

Figures 10.8 and 10.9. Figure 10.9 indicates that the settlement of the stabilized fill and 

soil increases approximately linearly with distance away from the wall face. The mag­

nitude of the maximum settlement is 5.8 mm. (0.228 in.). 

(b) Load Cell 

Table 10.5 indicates the variation in anchor force with time. As noted above for 

the anchors in wall 9, the force in the anchor is increasing with time. 

10.6 Summary 

The results of the instrumentation readings indicate that the displacements in the 

stabilized fill and soil are small, on the order of 0.04 to 0.2 in. (1 to 5 mm.). The largest 

contribution to the displacements is from settlement, which is uniform for wall 9 and 

varies approximately linearly with distance away from the wall face for wall 7. The 

stresses in the stabilized fill and soil and the anchor forces are as expected so far. 

138 



11. CONCLUSIONS 

Full-scale experimental retaining walls have now been constructed in Texas, using 

mechanical stabilization of the backfill material almost entirely by the addition of cement, 

rather than be reinforcing strips. Prevailing practice has been to incorporate significant 

amounts of cement in fill material anyway, largely as a way of preventing erosion 

problems during heavy rainfall and to guarantee compaction densities. Only nominal 

anchors are required to retain the facing panels, which essentially just provide a finished 

appearance and may be either segmental or one-piece. 

Conventional stability analysis of this design is in principle very simple, as the 

cross-section can be treated as a monolithic gravity retaining wall, provided that suffi­

ciently high soil-cement strengths are achieved. The problem of what intact strenth is 

necessary is still a difficult one. Finite element analysis has indicated that a factor of 

safety of at least 3 should be provided against crushing, in order to allow for the stress 

concentration that normally occurs at the front foot of the wall. In practice, a factor of 

safety of at least 5 has so far been provided against crushing. 

The first full-scale wall constructed outside Houston had significant practical 

problems. The most dramatic of these was associated with considerable sensitivity to 

differential settlement. Compressible foundation soils caused a localized failure during 

construction by major cracking and separation of the facing panels in one location. 

Although new specifications were written for this design, the contractors had a 

tendency to ignore several key provisions, in some cases causing distress, which had 

to be expensively repaired. 

The second wall was constructed after considerable attention to detail, and has 

performed satisfactorily to a finished height of 28 ft.as can be seen in a recent photograph 

(Sept. 91) in Figure 11.1. Field instrumentation was installed to verify behavior , and the 

final cost of around $20 per square foot of wall promises to be competitive. 

Other possible advantages of this concept are that it may also be quite easy to 

incorporate variable wall cross-sections into the design. These cross-sections may be 

variable both in elevation and in plan (which is to some extent done already), so as to 

optimize the use of material. 
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In general, the overall conclusions of this study are that cement stabilized soil 

retaining walls will work, with thorough engineering. However, signi'ficant differences 

exist in construction practice, as compared to conventional reinforced earth walls (even 

though they seem very similar}. Contractors must be fully appraised of these differences, 

even though they may be very experienced in mechanically stabilized construction. 

Care is also required in using this design in soft foundation conditions, as it is not as 

ductile as mechanically stabilized designs. 
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APPENDIX A 

LAYOUT OF FIELD PROJECT 
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Coping 

Front Face of Woll, 
Exposed Aggregate Finish 

Frontage Rood 

........ ... 

4• Riprop Cone.CCL.Bl 

Stabilized 

.......... , . . . . . . . . . . 
..•... 

Facing Anchors 
Volu/m 

*see Retaining Woll Layout for 
width of Cement Stabilized 
Soll Block. 

TYPICAL SECTION 
(Woll ot bottom of slope) 

2·-0· 

SO mm x 4mm Strip (Golv.) 
( 4 per Panel) 

Reinforced Earth Panel Retained Earth Panel 

FACING ANCHOR DETAILS 

A8 

4 Wll Mesh (Ga Iv.) 
( 2 per Panel) 

Roodwoy Surface 

,,...--cement stobllized backfill below 
/ the natural ground line shall be 

included in the unil price bid 
for "RETAINING WALL". 



Using Reinforced Earth Panels 

Payment Elevation parallel 
to finished grade. (Usual) 

Using Retained Earth Panels 

ELEVATION 

NOTES 

Underdroins, when required, shall be provided at 
locations shown In the plans. 

Cost of furnishing and Installing Underdroins and 
Unstobilized Sand Blanket shall be included in the 
unit price bid for "Retaining Wall". 

Payment Height shown in retaining wall layouts is 
considered the minimum height to be furnished. 
Additional wall furnished below payment line due to 
detailing or fabricator desh.;n requirements shall not 
be paid for directly but shall be considered incicental. 

Exterior face of precosf wall panels shall hove an 
exposed oggrPgale finish unless otherwise noted. 

Designed in accordance with Texas SOHPT Research 
Project 2-5-88-1178 "Design of Cement Stabilized 
Soll Retaining Walls with Concrete Panel Facing ". 

Retaining Walls No. 7 and 9 shall be constructed in 
accordance with these details. This wall type will 
not be on allowable option for the remaining walls 
on this project. 

A9 

STATE DEPARTMErtT Of HIGHWAYS 
AND PUBLIC TRANSPORTATION 

CEMENT STABILIZED 
SOIL RETAINING WALL 

(RETAIN ING WALLS NO. 7 a 9) 

-"-""' FEBRUARY 1989 

I 1'2 , G l 
I """ 
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r<O\i 15 / 89 14: 13 DS· BRIDGL 

LAW ENGINEERING 
5500 Guhn Road Houston, Texas 77040 (713) 939-7161 

SAND -CEMENT TEST REPORT 

CLIENT: SDHPT {Simmons Res.) 

PROJECT: 0050-06-033 
HWY 290 @ SKINNER ROAD 

DATE: 11/07/89 

JOB NO.: HT-2543 
TASK 14 

F' ., 
~ -.:i 

LAB No. STA. NO. DEF'l'H AVERAGE CEMENT MOISTURE AGE a...._L fc,._,_,.;. _,H
1 

l. 
BELOt4 COMP. CONTENT CONTENT (DAYS) __. o"i ,6 1c 

GRADE STRENGTH (SK/TON)_ 4.1 Y. (-k:k., v<+ 3' · I 
=============·=--·==:;;;;;;:::=========================~=;~==~;========= 

5705 1963+70 ? 
572.2 196~+00 6-:8" 
5723 1966+50 6-8" 
5724 1966+00 4n 
5125 196 6+00 14-16" 
572.6 1965+35 4u 
5727 1965+35 12" 
5728 1965+35 16" 
5729 196:-·25 12-14n 
5730 1965+25 30-32" 
5731 196.5+00 16•18" 
5732 1964+50 6-8 11 

5733 l 963+50 6-8" 
5134 1963+00 6-8 11 

5735 1962+00 TOP 

Respectfully submitted. 

LAW ENGINEERING. INC. 

~Jd;__, 
Steve Kaiser. CET 
Materials Lab Supervisor 
SK/LAB/cubecss.5705-35 

119 
142 
128 
NA 
187 
NA 
127 
NA 
142 
NA 
137 
178 
165 
125 
NA 
~ 

2vv f"; 

f'"'-At!I...' 
I 

B3 

l. 28 t Y. 6.6 ? 
1.1\ !::-";( 10.1 z 
1. .3 6 &.4 9.4 ? 
1. 15 SA 10.4 ? 
1.13 S.3 9.6 ? 
1. 28 

" 0 
8.7 7 

1.51 7.1 11. 3 ? 
1. 22 >.7 10. 6 1 
l.26 S'. ~ 11. 0 ? 
1. 23 r. s 10. 1 '7 
1.17 s.s: 9.5 'l 
1.47 6·1 11. 0 ? 
1.06 .s-. 6 9.8 'l 
1.19 

s;,, 
9.3 2 

1.45 6.g 6.6 1 

r; t: ~,,,\.J 

/,,..J(>,.,,...,"- A$;,7ett!'7,.~ 

Reviewed by: 

Michael O'Grady 
Cons~ructiou Services 



fi(JV 15 '89 14: 13 L6 BRIDGE 

LAW ENGINEERING 
5500 Guhn Road Houston, Texas 77040 (713) 939·7161 

SAND -CEMENT TEST REPORT 

CLIENT: SDHPT (Simmons Res.} 

PROJECT r 0050-0 6-033 
HWY 290 @ SKINNER ROAD 

DATE: ll/07/89 

JOB NO.: HT-2543 
TASK 14 

P.4 

=============;========================================================== 
LAB NO.: 
DA.TE SAM:t>LEI>: 
DATE PLACED: 
SAMLPE LOCATION: 
DEPTH BELOW GRADE: 
SA,MJ.>Ll';D. :S_Y :, . 
AVERAGE MOISTURE: 
SUPPLIER.: 
CEMENT CONTENT (Sack/Ton): 

5705 
11/02./89 ., . 
STA. 1963+70 

? 
M;B L SJ;?R~T 

6.6 % 
HALLETT MATERIALS 

1.28 
(JOSEY RANCH} 

=:====================================================================== 
COMPRESSIVE STRENGTH 

TEST RESULTS 

==============================================~=======~*======;•==;===== 
SPECIMEN DIMENSION 

NUMBER. (INCH) 

1 

2 

3 

2.osx2.01 

1. 88X2. 00 

2.12x2.20 

AREA 
(SQ .IN) 

DATE 
TESTED 

4.121 11/05/89 

3.760 11/05/89 

4.644 11/05/89 

TEST AGE MAX.LOAD COMPRESSIVE 
(DAYS) (lbs) STR. (PSI) 

1 483 

7 452 

? 559 

117 

120 

120 

SPECIFIED COMPRESSIVE STRENGtH; 100 PSI @ 48 HRS 
AVERAGE OF (3) SPECIMENS = 119 PSI 

UNLESS OTHERWISE lNDICATED ALL TESTS WERE PERFORMED IN GENERAL 
ACCORDANCE WITH ASTM D-1633. 

* CUBES CUT FROM SAMPLES TAKEN IN FIELD 

Respec~fully submitted. 

LAW ENGINEERING. INC. 

Jt~ 
Steve Kaiser. CET 
Materials Lab Supervisor 
SK/LAa/cubecss.5705 

B4 

Reviewed by: 

Michael O'Grady 
Construction Services 



NOV 15 '89 14:14 DS BRIDGE 

LAW ENGINEERING 
5500 Guhn Road Houston, Texas n040 (713) 939-7161 
SAND -CEMENT TEST REPORT 

P.5 

CLIENT: SDHPT (Simmons Res.) DATE: 11/07/89 

PROJECT: 0050-06-033 
HWY 290 @ SKINNER ROAD 

JOB NO.: HT-2543 
TASK 14 

LAB 'NO.: 
DATE SAMPLED: 
DAT! PLACED: 
SAMLPE LOCATION: 
DEPTH BELOW G!ADE; 
SAMPLED BY: 
AVERAGE MOISTURE: 
SUPPLIER: 
CEMENT CONTENT (Sack/Ton): 

5722 
11/03/89 

? 
STA. 1967+00 

6-8" 
SK I LAW.ENGINEEltlNG 
10.l % ~ 

HALLETT MATERIALS (JOSEY RANCH) 
1.11 

COMPRESSIVE STRENGTH 
TEST RESULTS 

--------------------------------------~-~-~-------------------------------------------~--~---·--------w--------~-----~---------------~·---------SPECIMEN DIMENSION 
NUMBER (INCH) 

l 1. 9 2.X.1. 8 8 

2 2. OSX2. 00 

3 l. 98X2.0S 

AREA 
(SQ.IN) 

DATE 
TESTED 

3.610 11/05/89 

4.100 11/05/89 

4.059 11/05/89 

TEST AGE MAX.LOAD COMFRESSIVE 
(DAYS) (lbs) STR.(PSI) 

? 

? 

1 

532 

580 

559 

147 

141 

138 

SPECIFIED COMPRESSIVE STRENGTH: 100 PSI @ 48 HRS 
AVERAGE OF (3) SPECIMSNS = 142 PSI 

UNLESS OTHERWISE INDICATED ALL TESTS WERE PERFORMED IN GENERAL 
ACCORDANCE WITH ASTM D-1&33. 

* CU!ES CUT FROM SAMPLES TAKEN IN FIELD 

Aespectfully submi~ted. 

LAW ENGINEERING. INC. 

~/~ 
Steve ~er. C!T 
Materials Lab Sup$r~isor 
SK/LAB/cubecss.S722 BS 

Reviewed by; 

Michael O'Grady 
Construct~on Services 



NOV 15 '89 14: 14 DS BRIDGE 

LAW ENGINEERING 
5500 Guhn Road Houston, Texas 77040 (713) 939-7161 
SAND -CEM!NT TEST REPORT 

CLIENT: SDRPT (Simmons Res.) DATE: 11/07/89 

PROJECT: 0050-06-033 
HWY 290 @ SKINNER ROAD 

JOB NO. : RT-2543 
TASK 14 

LAB NO.: 
DATE SAMPLED: 
DATE PLACED: 
SAMLPE LOCATION: 
DEfTR BELOW GRADE: 
_SAM.l!LED JJY : 
AVERAGE MOISTURE: 
SUPPLIER: 
CEMENT CONTENT {Sack/Ton); 

5123 
11/03/89 

STA .. 1966+50 

SK ./ LAW. E.N.GINEERIN.G 
9.4 % 

HALLETT MATERIALS (JOSEY RANCH) 
1.36 

P.6 

======~~=·=~=;;:========================================;===========;~== 

COMPRESSIVE STRENGTH 
TEST RESULTS 

=======================================================~=:•======-;===== 
SPECIMEN DIMENSION 

NUMBEI\ (INCH) 
AREA 

(SQ.IN) 
DATE 

TESTED 
TEST AGE MAX.LOAD COMPRESSIVE 

(DAYS) (lbs) STR. {PSI) 
~~z=~=====;============================================================= 

l 

2 

3 

2.1sx2.22 

2.l3X2.02 

4.244 11/05/89 

4.773 11/05/89 

4.303 1 l/05 /89 

? 550 130 

? 587 123 

559 13"0 

SPKCiiIED COMPRESSIVE STRENGTH: 100 PSI @ 48 HRS 
AVERAGE or (3) SPECI~ENS = 128 PSI 

~;:a•~z===~====================#======~=======;========================= 
UNLESS OTHERWISE INDICATED ALL TESTS W!RE PERFORMED IN GENERAL 
ACCORDANCE WITH ASTM D~l633. 

* CUBES CUT FROM SAMPLES TAKEN IN FIELD 

Respec~fully submit~ed. 

LAY ~NGINEERING. INC. 

J 

4b~ 
Steve Kaiser. C2T 
Materials Lab Supervisor 
SK/LAB/cubecss.5723 

B6 

Reviewed by: 

Michael O'Grady 
Construc~ion Services 



NOV 15 '89 14:15 D5 BRIDGE 

LAW ENGINEERING 
5500 Guhn Road Houston, Texas 77040 {713) 939-7161 

SAND -CEMENT TEST REPORT 

CLIENT: SDHPT (Simmons Res.) DATE; 11/07/89 

PROJECT: 0050-06-033 
HWY 290 @ SKINNER ROAD 

JOB NO.: RT-2543 
TASK 14 

LAB NO.; 
DATE SAMPLED: 
DATE PLACED: 
SAMLPE LOCATION: 
DEFTR BELOW GRADE: 
$AMPLED B.Y: 
AVERAGE MOISTURE: 
SUPPLIER; 
CEMENT CONTENT (Sack/Ton): 

5725 
11/03/89 

STA. 1966+00 
14-16 11 

S~ / LAW EN~INEXRING 
9.6 % 

HALLETT MATERIALS (JOSEY RANCH) 
1.13 

COMPRESSIVE STRENGTH 
TEST RESULTS 

F' 7 •I 

==============================================~========================= 
SPECIMEN DIMENSION 

NUMBER (INCH) 
AREA 

(SQ .IN) 
DATE 

TESTED 
TEST AGE MAX.LOAD COMPRESSIVE 

(DAYS) (lbs) STR.(PSl) 
===================================:==:====;~;===========~:;;==;======== 

1 

2 

3 

2.1ox2.11 

2.06X2.l0 

1. SSXl. 69 

4.557 11/05/89 

4. 3 26 11/05/89 

3.127 11/05/89 

894 196 

'l 801 185 

1 561 180 

SPECIFIED COMPRESSIVE STRENGTH;· 100 PSI $ 48 HRS 
AVERAGE OF (3) SPECIMENS = 187 ·PSI 

UNLESS OTBERWISE INDICATED ALL TESTS WERE PERFORMED IN GENERAL 
ACCORDANCE WITH ASTM D-1633. 

* CUBES CUT FROM SAMPLES TAKEN IN FIELD 

Respectfully submitted. 

LAW ENGINEERING. INC. 

46,K~ 
Steve Kaiser. CET 
Materials Lab Supervisor 
SK/LAB/cubecs&.5725 B7 

Reviewed by: 

Michael O'Grady 
Construction Services 



NOV 15 '89 14=15 DS BRIDGE 

LAW ENGINEERING 
5500 Guhn Road Houston, Texas 77040 (713) 93g..71s1 
SAND -CEMENT TEST REPORT 

CLIENT: SDHPT (Simmons Res.) 

PROJECT: 0050-06-033 
HWY 290 @ SKINNER ROAD 

DATE: 11/07/89 

JOB NO.: HT-2543 
TASK 14 

F'. 8 

·==========================================~===;========================= 
LAB NO.: 
DATE SAMPLED: 
DATE PLACED: 
SAMI.PE LOCATION: 
DEPTH BELOW GRADE: 
SAMPi,ED .,BY: 
AVERAGE MOISTURE: 
SUPPLIER: 
CEMENT CONTENT (Sack/Ton): 

5727 
11/03/89 

? 
STA. 1935+35 

1 2" 
SK,/ .LAW ENGINEERING 
11.3 % 

HALLETT MATERIALS (JOSEY RANCH) 
1.51 

===========================~====;~====~=~=;============================~ 

COMPRESSIVE STRENGTH 
TEST RESUI.TS 

;;~;~;=;;===============================~===;;;:=•=======~=============: 
SPECIMEN DIMENSION 

NUMBER (INCH) 

1 

2 

3 

2.1ox2.os 
2.12x2.01 

2.1ox2.01 

AREA 
(SQ. IN) 

DATE 
TESTED 

4.368 11/05/89 

4.261 11/05/89 

4.221 11/05/89 

TEST AG~ MAX.LOAD COMPRESSIVE 
(DAYS) (lbs) STR. (PSI) 

? 541 124 

'l 504 118 

? 582 138 

SPECIFIED COMPRESSIVE STRENGTH: 100 PSI @ 48 HRS 
AVERAGE OF (3) SPECI~ENS = 127 PSI 

UNLESS OTHERWISE INDICATED ALL TESTS WERE PERFORMED IN GENERAL 
ACCORDANCE WITH ASTM D-1633. 

* CUBES CUT FROM SAMPLES TAKEN IN FIELD 

Respectfully submitted. 

LAW ENGINEERING. INC. 

~~ 
Steve Kaiser. CET 
Materials Lab Supervisor 
SK/LAB/cubecss.5727 

B8 

Reviewed by: 

Michael O'Grady 
Cons~ruction ·services 



f'10'v 15 '83 14: 16 D5 BRIDGE 

LAW ENGINEERING 
5500 Guhn Road Houston, Texas n040 (713) 939-7161 

SAND -CEMENT TEST REPORT 

CLIENT: SDHPT (Simmons Re$.) DATE: 11/07/89 

PROJECT: 0050-06-033 
HWY 290 @ SKINNSR ROAD 

JOB NO.: HT-2543 
TASK 14 

LAB NO.: 
DATE SAMPLED: 
DATE PLACED: 
SAMLP! LOCATION; 
DEPTH BELOW GRADE: 
SAMPLED BY: 
AVERAGE MOISTURE: 
SUPPLIER; 
CEMENT CONTENT (Sack/Ton): 

5729 
11/03/89 

? 
STA. 1965+25 

14" 
SK I LAW ENGINEERING. 
11.0 % - . ' 

HALLETT MATERIALS (JOSEY RANCH) 
1.26 

COMPRESSIVE STRENGTH 
TEST RESULTS 

F'. 9 

===========================~~;;~;======================================= 
SPECIM!N DIMENSION 

NUMBER (INCH) 
AREA 

(SQ.IN) 
DATE 

TBS TED 
T!ST AGE MAX.LOAD COMPRESSIVE 

(DAYS) (lbs) STR.{PSl) 
-------------------------------~-~-~---~------~------------------------------------------------------------~~~~~-~~--~~~~-~~-~~-----~-~---------

1 2.30X2.12 

2 2.28X2.08 

3 2.02x2.04 

4. 87 6 11/05 /89 

4.742 11/05/89 

4.121 11/05/89 

1 

? 

719 

619 

606 

148 

130 

147 

SPECIFIED COMPRESSIVE STRENGTH: 100 PSI e 48 HRS 
AV'eRAGE or (3) SPECIMENS = 142 PSI 

UNLESS OTHERWISE INDICATED ALL TESTS WERE PERFORMED IN GENERAL 
ACCORDANCE WITH ASTM D-1633. 

* CUBES CUT FROM SAMPLES TAKEN IN FIELD 

Respectfully submitted. 

LAW ENGINEERING. INC. 

/Jk,~ 
Steve ~aiser. CET 
Materials Lab Supervisor 
SK/LAB/cubecss.5729 

B9 

Reviewed by: 

Michael 0 1 Grady 
Coustruation Services 



r·iov 15 . (:'j 14; 16 D5 BRIDGE 

LAW ENGINEERING 
5500 Guhn Road Houston, Texas 77040 (713) 939·7161 

SAND -CEMENT TEST REPORT 

CLIENT: SDHPT (Simmons Res.) DATE: 11 /07 /89 

PROJECT: ooso-06-033 
HWY 290 @ SKINNER ROAD 

JOB NO.: HT-2543 
TASK 14 

LAB NO.: 
DATE SAMPLED: 
DATE PLACED: 
SAMLPE LOCATION: 
DEPTH BELOW GRADE: 
s•ttl'LED BY.: 
AVERAGE MOI~TURE: 
SUPPLIER! 
CEMENT CONTENT (Sack/Ton): 

5731 
11/03/89 

STA. 1965+00 
16-18 11 

.SK I .LAW Ji:NGINEE~ING 
9 .5. % . . . 

HALLETT MATERIALS {JOSEY RANCH) 
1.17 

CO~fRESSIVE STRENGTH 
TEST RESULTS 

P.10 

SPECIMEN DIMENSION 
NUMBER (INCH) 

AREA 
(SQ. IN) 

DATE 
TESTED 

TEST AGE MAX.LOAD COMPRESSIVE 
(DAYS) (lbs) STR.(PSI) 

===============================-=•:•==~:==================:============= 

1 2.2ox2.oa 

2 2.15X2.28 

3 2 .1 OX2 .15 

4.576 11/05/89 

4.902 11/05/89 

4.515 11/05 /89 

? 

? 

597 

745 

580 

130 

152 

128 

SP!CIE'I·ED COMPRESSIVE STRENGTH: 100 PSI @ 48 HRS 
AVERAGE OF (3) SfECI)tBNS ; 137 PSI 

=============~=============================~=;=-=~;;;:================== 
UNLESS OTHERWISE INDICATED ALL TESTS WERE PERFORMED IN GENERAL 
ACCORDANCE WITH ASTM D-1633. 

* CUBES CUT FROM SAMPLES TAKEN IN FIELD 

Respectfully submitted. 

LAW ENGINEERING. INC. 

l 
Jlb,f<~ 
Steve Kaiser. CET 
Materials Lab Supe~Vi$or 
SK/LAB/cubecss.5731 BlO 

Reviewed by: 

Michael O'Grady 
Construction Services 



f>jQV 15 '89 14: 17 D5 BRIDGE 

LAW ENGINEERING 
5500 Guhn Road Houston, Texas 77040 (713) 93S.7161 

SAND -CEMENT TEST REPORT 

CLIENT: SPHPT (Simmons Res.) DATE; 11/07/89 

PROJECT: 0050-06-033 
HWY 290 @ SKINN~R ROAD 

JOB NO.: HT-2543 
TASK 14 

LAB NO.: 
DATE SAMPLED: 
DATE PLACED: 
SAMLPE LOCATlON: 
DEPTH B!LOW GRADE; 

. SAMPLED .. ~y: 
AVERAGE MOISTURE; 
SUPPLIER: 
CEMENT CONTENT (Sack/Ton): 

573 2. 
11/03/89 

'l 
STA. 19 64+5 0 

6-8 11 

SK / .~AW ENG.INE!R.ING 
11.D % 

HALLETT MATERIALS (JOSEY RANCH) 
1. 47 

F·. 11 

==========;~========-;=========:=~==========;~=======~==========-======= 

COMPRESSIVE STRENGTH 
TEST RESULtS 

SPECIMEN DIMENSION 
NUMBER (INCH) 

AREA 
(SQ.IN) 

DATE 
TESTED 

TEST AGS MAX.LOAD COMPRESSIVE 
(DAYS} (lbs) STR.(PSI) 

=~===============:=========;~=~=========~========:;;~========:==~======= 

l 

2 

3 

2.lSXl.90 

2..42X2.3S 

2 .OOX:2..05 

4.085 11/05/89 

5.687 11/05/89 

4.305 11/05/89 

? 

'l 

? 

745 

976 

768 

183 

172 

178 

SPECIFIED COMPRESSIVE STRENGTH: too PSI @ 48 HRS 
AVERAGE OF (3) SPECIMENS = 178 PSI 

===;===========~=============~~===~=========~;::=•====~================= 
UNLESS OTHEaWISE INDlCATED ALL TESTS YERE PERFORMED IN GENERAL 
ACCORDANCE WITH ASTM D-1633. 

* CUBES CUT FROM SAMPLES TAKEN IN FIELD 

Reapectfully submitted. 

LAW ENGIN!ERING. INC. 

~~ 
Steve Kaiser. CET 
Materials Lab Supervisor 
SK/LAB/cubecss.5732 Bll 

Reviewed by: 

Michael O'Grady 
Construction Ser~ices 



iKI\.' 15 '89 14: 17 D5 BRIDGE 

LAW ENGINEERING 
5500 Gunn Aoad Houaton, Texas 77040 (713) 939-7181 

SAND -CEMENT TEST REPORT 

CLIENT: SDHPT (Simmons Res.) 

PROJECT: 0050-06-033 
KWY 290 e SKINNER ROAD 

DATE: 11/07/69 

JOB NO.: HT-2543 
TASK 14 

F'.12 

=-===============~=================~===============•============~~==~~== 
LAB NO.: 
DATE SAMPLED: 
DATE PLACED: 
SAMLPE LOCATION: 
DEPTH BELOW GRADE: 
S.f\.MPL;EP BY: . 
AVERAGE MOISTURE: 
SUPPLIER: 
CEMENT CONTENT (Sack/Ton): 

5733 
11/03/89 

1 
STA. 1963+50 

6-S" 
SK . ./ LAW ENGINEEiIN.G 
9.8 ·: -

HALLETT MATERIALS (JOSEY RANCH) 
1.06 

==========~;===========:;;;~=========~================:;;==~=~========== 

COMPRESSlVE STRENGTH 
TEST RESULTS 

=======================:;:=========•=================;=••=============== 
SPECIMEN DIMENSION 

NUMBER (!NCH) 

1 2.00X2.05 

2 2.15X2.t7 

3 2.1ox2.12 

AREA 
(SQ .IN) 

DATE 
TESTED 

4.100 11/05/89 

4.665 11/05/89 

4.452 11/05/89 

TEST AGE MAX.LOAD COMPRESSIVE 
(DAYS) (lbs) STR.(PSI) 

1 671 164 

? 712 153 

792 178 

SPECIFIED COMPRESSIVE STRENGTH: 100 PSI a 48 HRS 
AVERAGE OF (3) SPEClMENS = 165 PSI 

=============••=a===•~=~==========•======================•~•~•••;======= 
UNLES.S OTHERWISE INDICAT!D ALL TESTS WERE PERFORMED IN GENERAL 
ACCORDANCE WITH ASTM D-1633. 

* CUBES CUT FROM SAMPLES TAKEN IN FIELD 

Respectfully submitted, 

LAW ENGINEERING, INC. 

Jlt-.,~ 
Steve Kaiser. CET 
Materials Lab Supervisor 
SK/LAB/cubecss.5733 B12 

Reviewed by: 

Michael O'Grady 
Construction Serviceo 



' 1:- '89 J 4: 18 D5 BRH>GE 

LAW ENGINEERING 
5500 Guhn Road Houston, Texas n040 (713) 939·71€1 

SAND·-CEMENT TEST R~PORT 

CLIENT: SDHfT (Sim~ons Res.) 

PROJECT: 0050-06-033 
HWY 290 @ SKINNER ROAD 

DATE: 11/07/89 

JOB NO.; HT-2543 
TASK 14 

P.13 

;~;===•======c================================~·=~====================== 
LAB NO.: 
DA TE SAMPLED: 
DATE PLACED: 
SAMLPl': LOCATION: 
DEPTH BELOW GRADE: 
SAt-lfL!;l> -BY.: 
AVERAGE MOISTURE; 
SUPt>LIERt 
CEMENT CONTENT (Sack/Tou): 

5734 
11/03/89 
11/01/89 
STA. 1963+00 

6-S tt 
$K _J. LAW. ENGI~EERING 

9.3 % 
HALLETT MATERIALS (JOSEY RANCH) 

1.19 
===-======================================================;:;•;;;;;;;;;: 

COMPRESSIVE STRENGTH 
TEST RESULTS 

=======~==~================================================~=;=-=·=-===-
SPECIMEN DIMENSION 

NUMBER (INCH) 
AREA 

(SQ.IN) 
DATE 

T'ESTlUl 
TEST AGE MAX.LOAD COMPRESSIVE 

(DAYS) (lbs) STR.(PSI) 
======================================•===:=-=========================== 

1 

2 

3 

2.11X2.38 

2.2ox2.s2 

" 10X2.l0 

5.022 11/05/89 

5.544 11/05/89 

4.410 ll/05/89 

2 

2 

2 

597 

699 

567 

119 

126 

129 

SPECIFIED COMPRESSIVE STRENGTH: 100 PSI © 48 HRS 
AV!~AG! Of (3) SPECIMENS = 125 PSI 

UNLESS OTHERWISE INDICATED ALL TESTS WERE PERFORMED IN GENERAL 
ACCORDANCE WITH ASTM D-1633. 

* CUBES CUT FROM SAMPLES TAKEN IN FIELD 

Respec~fully submitted, 

LAW ENGINEERING. INC. 

J{ftr/. 
Steve ~~CET 
Materials Lab Supervisor 
SK/LAB/cubecss.5734 

B13 

Reviewed by: 

Michael O'Grady 
Cons~ruQtion Services 





APPENDIXC 

GEOLOGY OF THE SITE 
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1 INTRODUCTION 

This discussion summarizes interpretations made of the study site geology and physical 

characteristics of the foundation materials in the vicinity of retention walls 7, 8, 9, and 10. 

These interpretations were formulated from analysis of data collected by the Texas State 

Department of Highways and Public Transportation during the site investigation phase of 

the project and from "mini-cone" penetration data collected for Texas A&M University, by 

McClelland Consultants Inc. in March 1990. 

2 GENERAL GEOLOGIC SETIING 

The study site is located adjacent to the town of Cypress, in Northwestern Harris County, 

Tx. The physiography of the region, typical of northern reaches of the Texas gulf coastal 

province, is comprised of forested uplands and upland savannas (Figure 1). The landforms 

and sedimentary materials in the region result from fluvial-deltaic activity which dominated 

landforming procesres in this portion of the Gulf Coast. 

The sedimentary units at the study site were laid down during the Pleistocene Epoch 

of the early Quaternary Period (approx. 2 my. b.p.). Two natural Pleistocene sedimentary 

systems- an alluvial fan system and a fluvial-deltaic system dominated the depositional history 

of the study region. The alluvial fan system occurs as wedge-shaped belt of tree covered 

sands and gravels (Unit III Figure 2). Interspersed within the coarse grained alluvial fan 

deposits are isolated prairie areas composed of overbank mud deposits. 

The Pleistocene fluvial-deltaic system is further subdivided into two basic units - fluvial 

sands and delta-plain muds. The fluvial sand deposits occur as a continuous blanket of 

m·eanderbelt sand deposits across the northwestern parts of Harris Co. and include the study 

site. Pleistocene delta-plain deposits of the fluvial-deltaic system occur in the southern parts 

of the area as a flat mud and clay substrate covered with prairie grasses. These fine-grained 

clayey sediments bound isolated narrow elongate distributary sands trending in a north~south 

direction (Figure 3). 

C2 
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UPLAND FOREST AND SAVANNA ASSEMBLAGES 

I 1 PINE HARDWOOD FOREST 
12 HARDWOOO PINE FOREST 
!3 ISOLATED PINE HARDWOOD GROVE 
I4 POST OAK SAVANNA 

COASTAL PLAIN ASSEMBLAGES 

ll 1 COASTAL SHORT-GRASS PRAIRIE 

BOTTOMLAND ENVIRONMENTS 

m 1 FRESH MARSH 
ID2 SWAMP 
ID3 FLUVIAL WOODLAND 
ID4 GRASS-COVERED FLOODPLAIN 

15 UPLAND TAU.-GRASS PRAIRIE 
16 HARDWOOD FOREST 
I7 ISOLATED PRAIRIE WITHIN 

FOREST 

fil5 GRASS- AND TREE-COVERED 
DISSECTED, STEEP SLOPE 

ill& GRASS-COVER TERRACE 
DEPOSIT 

Figure L Biologic Assemblages defined in the Greater Houston area. 
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TERTIARY 

l FLUVIAL -DELTAIC SYSTEM 
Im 11 FUNIAL-DISTRiBUTARY SAND, 

TREE· COVERED 
EJ 12. DELTAPLAIN MUD 
Il FLUVIAL SYSTEM 
0 ll1 FLUVIAL SAND, TREE-COVERED 
0 Ila FLOODPLAIN, OVERBANK MUD 

HOLOCENE - MODERN 

0 1l: FLUVIAL SYSTEM 
0 :lZ 1 TERRACE SANDS 

0 :lZl MARSH-SWAMP SYSTEM 

PLEISTOCENE 

m ALLUVIAL FAN SYSTEM 
[J m1 OVERBANK MUD PRAIRIE 
Ill: FLUVIAL-DELTAIC SYSTEM 
EJ l:lZ1 FLUVIAL SAND 
mll tll2 OVERBANK MUD PRAIRIE 
0 nt3 DELTAPLAIN MUD 

OTHER UNITS 

GI :lZll IRONSTONE SOILS 
0 :!ZllI SLOPE UNITS 
EJ IX FAN UNITS 

Figure 2. Natural systems defined by environmental geologic mapping in the Greater Houston area. 
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A. 

B. 

Figure 3. Sand trends in a high·mud deltaic system in the Greater 
Houston area. 
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Figure 4 illustrates the process by which meandering distributary channels grade 

down-dip, coastward into elongate belts of sand and silt. This material was deposited 

principally during periods of delta building (i.e. progradation). As these channels shift lat­

erally with time, laterally continuous belts of sand and silt are formed. It was by these 

processes that the sediments underlying the project were deposited. 

3 SITE SPECIFIC CHARACTERISTICS 

3.1 Site Surface Soils 

Based on a United States Department of Agriculture, Soil Conservation Service 

survey of the area in 1974, the soils at the site may be broadly classified by two principal 

assemblages. These are the Clodine-Addicks-Gessner Association and the Katy-Aris 

Association. Both associations are essentially loamy prairie soils. The soils are poorly 

drained and are moderately to very slowly permeable units. These characteristics require 

special consideration so as avoid foundation problems such as settlement and bearing 

failure (Plate 1). 

3.2 Site Geology 

3.2.1 Literature Review 

A review of the literature concerning the geologic history of the site indicates 

that the project is located upon the Pleistocene age, Montgomery Formation (Plate 

1). Previously this unit has been mapped and referred to as the Upper Lissie For­

mation. A general listing of the Montgomery Formation's characteristics is as follows: 

Clay, silt, and very minor siliceous gravel of granule and small 
pebble size, gravel more abundant northwestward, locally 
calcareous, concretions 01' calcium carbonate, iron oxide, and 
iron manganese oxides common in zone of weathering; Flu­
viatile; Stirface fairly flat and featureless except for numerous 
rounded shallow depressions and pimple mounds; + /- 100 ft 
thick. 

3.2.2 Soil Boring Interpretation 

The Texas State Department of Highways and Public Transportation 

(TSDHPT) conducted the bridge foundation and soil test boring program along the 



) 

Figure 4. Pleistocene fluvial-deltaic facies, coastal uplands in vicinity· of Devers, 
Beaumont-Port Arthur area. Meanderbelt sands appear to grade coastward into elongate 
belts of sand and silt that were deposited principally during delta building. After Fisher 
and others, 1973. 
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approximate centerline of the project. This data was made available to Texas A&M 

University and has been reproduced in Appendix A. Portions of this data were used 

herein to interpret the soil stratigraphy underlying the project site. Specifically seven 

borings spaced from station 1960 + 55' to 1972 + 76' were employed to generate a 

subsurface cross-section between walls 7, 8, 9, and 10 (Plate 1). 

As can be seen from the cross section, the geometry of the stratigraphy is typical 

of the Texas gulf coast in general and fluvial-deltaic complexes in particular. Abundant 

variation in sedimentary materials, lateral facies changes over relatively short distances 

and gradation trends are all indicative of the fluvial-deltaic nature of these deposits. 

The environment of deposition of the large sand bodies is one of relatively high energy. 

It is likely that these units were formed from ancient distributary channels during 

deltaic progradation. On the cross section are pulses or sequences of deposition 

indicated as "fining upward." These are another indicator of a fluvial environment of 

deposition for the soils at the site. The coarser sediments within these sequences are 

generally higher energy deposits. As the energy of the system decreases due either 

to channel abandonment or decreased flow following flood events the finer grained 

sediments are deposited. 

General trends across the site are: 

1. Except for the N.W. end of walls 7 and 8, initial sands are 
found at a depth of approx. 15 to 20 ft. 

2. The units tend to become coarser overall with depth up to 
the data limit of 75 ft. 

3. The shear strength of the soil although quite variable tends 
to increase with depth. 

4. Maximum values _of shear strength occur at a depth of 
approximately 50 ft. 

5. The soils at a depth of 5 to 15 ft. tend to be stiff. 

6. Toward the S.W. (walls 9and10) units tend to become more 
complex leading to greater variations in physical properties. 
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JOB NUMBER= 
CONE NUMeER1 
LOCATION: 

RESULT OF CONE PENETRATION TEST 
CPT 12 

0601-0312 GROUND SURFACE ELEV.• 141.7 FEET 
10 DEPIH 10 GROUNDWATER• 
OYPRESS BYPASS WALL ~ ST~· 1gr~·2s DATE• 

O.C• FEET 
03-0F.l-IQ~O 
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RESULT OF CONE PENETRATION TEST 
CPT , 3 

JOB NUMBER: 0601-0312 GROUND SURF ACE ELE'f. = 142.0 FEET 
CONE NUMBER• 10 OEP1H 10 uROUNC~ATER• o.o FEEi 
LOCATION: CYPRESS BYPASS l.JALL 0 sa. 11170 .. QO DATE: 03-0B-IQ90 
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INTERPRETATION OF CONE PENETROMETER DATA 
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,.._ __ _,.: ____ ~,----~'--~~·'--~-.L-'--....J 
0 2 3 4 5 

FRICTION RATIO, FR, •1. 

Notes: 1) Cone penetrorneter testing ts a proven and widely accepted site 
fnvest1gat1on Method .that requires skf 11 and judgement tn the 
tnterpretatton of the test results to provide a geotechn1ca1 
character1zatton of the 1nvesttgated so11s and a development of 
their engineering properties. 

2) Soil descriptions are based on correlations of tip resistance, qc; 
and the frfctfon ratio, FR, wh1ch 1s the ratio of the unit sleeve 

3) 

frfct1on. f 5 to qc. 

Correlations used for 1nterrretat1on tnclude: 
and Campanella, R.G., and 2 Schmertmann, J.H. 

4) 1 bar ts about 1 tsf. 

1) Robertson, P.K., 
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McCLELLAND CONSULTANTS (Southwest), INC. 
LANO CONE TEST DATA INTERPRETATION PROGRAM 

PROJECT NO. 
BORING NO. 
CONE NO. 
DATE 

0601 ·0312 
1 
10 

: 03/07/90 

Yednesday, March 14, 1990 Page 1 

POINT 
RESIST. 
CKSF) 

SLEEVE FRIC. EFF. V. EQUIV. UNO. SHEAR CONE RELATIVE FRICTION STRESS 

DEPTH 
(FT) 

.20 23.96 

.40 16.09 

.60 6.85 

.80 6.16 
1.00 5.82 
1.20 4.79 
1.40 13.35 
1.60 8.56 
1.80 65. 70 
2.00 55.80 
2.20 77.51 
2.40 99.62 
2.60 100.99 
2.80 77.74 
3.00 79.42 
3.20 97.27 
3.40 85.58 
3.60 91.08 
3.80 37.75 
4.00 44.50 
4.20 51.00 
4.40 52.04 
4.60 49.65 
4.80 46.90 
5.00 43.81 
5.20 93.31 
5.40 38.69 
5.60 32.18 

5.80 32.53 
6.00 28.76 
6.20 23.28 
6.40 18. 15 
6.60 22.23 
6.80 23.97 
7.00 34.89 
7.20 50.62 
7.40 42.82 
7.60 44.16 

FRICTION RATIO SOIL BEHAVIOR TYPES 
(KSF) CX> 

.00 

.00 

.oo 

.00 

.00 

.07 

.14 

.00 

.99 
1.26 
1.83 
2.11 
1.65 
1.31 
1.17 

1. 71 
1.63 

1.10 
1.39 

• 79 
.88 
.97 

1.05 
1 .27 
1.64 
3.22 
1.30 

.97 

.84 

.77 

.63 

.26 

.50 

.71 
1.23 
1.03 
1.01 

1.47 

.00 SANDY SILT TO CLAYEY SILT Ml·MH 

.00 SENSITIVE FINE GRAINED Ol·CH 

.00 SENSITIVE FINE GRAINED OL·CH 

.00 SENSITIVE FINE GRAINED Ol·CH 

.00 SENSITIVE FINE GRAINED OL·CH 
1.36 SENSITIVE FINE GRAINED OL·CH 
1.03 SENSITIVE FINE GRAINED OL·CH 

.00 SENSITIVE FINE GRAINED OL·CH 
1.50 SANDY SILT TO CLAYEY SILT ML·MH 
2.25 SANDY SILT TO CLAYEY SILT ML·MH 
2.36 SANDY SILT TO CLAYEY SILT ML-MH 
2.12 SANDY SILT TO CLAYEY SILT ML·MH 
1.64 SILTY SAND TO SANDY SILT SM·ML 
1.68 SANDY SILT TO CLAYEY SILT ML-MH 
1.47 SILTY SAND TO SANDY SILT SM·ML 
1.76 SILTY SANO TO SANDY SILT SM·ML 
1.91 SANDY SILT TO CLAYEY SILT ML·MH 
1.20 SILTY SANO TO SANDY SILT SM-ML 
3.68 SILTY CLAY TO CLAY CL·CH 
1.76 SANDY SILT TO CLAYEY SILT ML·MH 
1.72 SANDY SILT TO CLAYEY SILT Ml·MH 
1.86 SANDY SILT TO CLAYEY SILT ML·MH 
2.11 SANDY SILT TO CLAYEY SILT ML·MH 
2.70 CLAYEY SILT TO SILTY CLAY MH·CL 
3.75 SILTY CLAY TO CLAY CL·CH 
3.45 CLAYEY SILT TO SILTY CLAY MH-CL 
3.37 CLAYEY SILT TO SILTY CLAY MH·CL 
3.01 CLAYEY SILT TO SILTY CLAY MH·CL 
2.59 CLAYEY SILT TO SILTY CLAY MH·CL 
2.67 CLAYEY SILT TO SILTY CLAY MH·CL 
2.70 SILTY CLAY TO CLAY CL·CH 
1.45 CLAYEY SILT TO SILTY CLAY MH·CL 
2.26 CLAYEY SILT TO SILTY CLAY MH·CL 
2.96 SILTY CLAY TO CLAY CL-CH 
3.52 SILTY CLAY TO CLAY CL-CH 
2.04 SANDY SILT TO CLAYEY SILT ML·MH 
2.37 CLAYEY SILT TO SILTY CLAY MH·CL 
3.33 CLAYEY SILT TO SILTY CLAY MH-CL 

STRESS "N" 
(KSf) 

.01 
• ()1 
.02 
.02 
.03 
.04 
.04 

.05 

.09 

.10 

. 11 

.12 

.14 

.14 

.17 

.18 

.17 

.zo 

.15 

.20 

.21 

.22 

.23 

.22 

.20 

.23 

.24 

.25 

.26 

.27 

.25 

.29 

.30 

.27 

.28 

.36 

.33 

.34 

4 

3 

1 

3 
2 

12 
10 
14 

19 
16 
14 

12 
15 
16 
14 
12 
8 
9 

9 

9 
11 
13 
22 
9 

7 

7 
6 

7 

4 

5 
7 

11 

9 
10 
10 

Dl7 

STRENGTH 
(KSF) 

1.228 
0.825 
0.350 
0.315 
0.297 
0.244 
0.683 
0.436 
3.365 
2.856 
3.969 
5.103 

3.979 

4.380 

1.928 
2.272 
2.605 
2.657 
2.534 
2.394 
2.236 
4.m 
1.972 
, .637 

1.655 
1.461 
1.181 
0.916 
1. 125 
1.215 
1.775 
2.577 
2. 179 
2.247 

FACTOR DENSITY 
CX) 

19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 

19.5 

19.5 

19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 

19.5 
19.5 
19.5 
19.5 
19.5 
19.5 

19.5 

67 

91 

82 
97 

100+ 
100+ 
93 
91 

100+ 
94 
94 

69 
72 
72 
70 

64 

ANGLE 

37 

41 
40 

42 
42 
42 
41 
41 
42 
41 
41 

38 
38 

38 
38 

37 

RATIO 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.SO+ 

.SO+ 

.SO+ 

.SO+ 

.SO+ 

.SO+ 

.SO+ 

.SO+ 

.SO+ 

.50+ 

.32 
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7.80 
8.00 
8.20 
8.40 
8.60 
8.80 
9.00 
9.20 
9.40 
9.60 
9.80 

10.00 
10.20 
10.40 
10.60 
10.80 
11.00 
11.20 
11.40 
11.60 
11.80 

47.97 
43.31 
45.53 
30.13 
28.08 
23.64 
11.65 
7.70 

28.67 
34.26 
50.60 
47.08 

209.74 
115.11 
112.20 
226.82 
263.56 
83.62 

64.32 
609.02 
223.47 

12.00 44.61 
12.20 
12.40 
12.60 
12.80 
13.00 
13.20 
13.40 
13.60 
13.80 
14.00 
14.20 
14.40 
14.60 
14.80 
15.00 
15.20 
15.40 
15.60 
15.80 
16.00 

Notes: 

43.16 
32.51 
50.32 
57.84 
80.51 
65.75 
57.91 

201.02 
166.93 
79.45 
79.75 
75.01 
71.21 
78.01 
88.38 
78.01 
84.22 

138.61 

267.26 
66.88 

.88 

.91 
1.01 

.73 

.35 

.27 

.21 

.44 
1.15 
1.04 
1.15 
1.89 
5.43 
2.86 
2.51 

3.25 
4.37 
2.00 
8.18 
8.93 
4.43 

1.83 SANDY SILT TO CLAYEY SILT ML·MH 
2.11 SANDY SILT TO CLAYEY SILT ML·MH 
2.22 SANDY SILT TO CLAYEY SILT ML·MH 
2.43 CLAYEY SILT TO SILTY CLAY MH·CL 
1.25 SANDY SILT TO CLAYEY SILT ML·MH 
1.16 CLAYEY SILT TO SILTY CLAY MH·CL 
1.78 SILTY CLAY TO CLAY CL·CH 
5.74 CLAY CH 
4.00 CLAY CH 
3.05 CLAYEY SILT TO SILTY CLAY MH·CL 
2.28 SANDY SILT TO CLAYEY SILT ML·MH 
4.01 SILTY CLAY TO CLAY CL·CH 
2.59 SILTY SAND TO SANDY SILT SM·ML 
2.48 SANDY SILT TO CLAYEY SILT ML·MH 
2.24 SANDY SILT TO CLAYEY SILT ML·MH 
1.43 SAND TO SILTY SAND SM·SP 
1.66 SAND TO SILTY SAND SM·SP 
2.39 SANDY SILT TO CLAYEY SILT Ml·MH 

12.71 CLAY CH 
1.47 SAND TO SILTY SANO SH·SP 
1.98 SILTY SAND TO SANDY SILT SH·ML 

1.88 4.21 SILTY CLAY TO CLAY Cl·CH 
1.46 
1.20 
2.00 
1.89 

2.15 
1.94 
1.89 
2.60 
4.07 
2.39 

2.60 
2.61 
2.48 
2.74 
2.48 
2.55 
3.06 
3.18 
2.91 

2.11 

3.39 CLAYEY SILT TO SILTY CLAY MH·CL 
3.70 SILTY CLAY TO CLAY CL·CH 
3.98 SILTY CLAY TO CLAY CL·CH 
3.27 CLAYEY SILT TO SILTY CLAY MH·CL 
2.67 SANDY SILT TO CLAYEY SILT ML·MH 
2.96 CLAYEY SILT TO SILTY CLAY MH·CL 
3.27 CLAYEY SILT TO SILTY CLAY MH·CL 
1.29 SANO TO SILTY SAND SM·SP 
2.44 SANDY SILT TO CLAYEY SILT ML·MH 
3.01 SANDY SILT TO CLAYEY SILT ML·MH 
3.26 CLAYEY SILT TO SILTY CLAY MH·CL 
3.47 CLAYEY SILT TO SILTY CLAY MH·CL 
3.49 CLAYEY SILT TO SILTY CLAY MH·CL 
3.51 CLAYEY SILT TO SILTY CLAY MH·CL 
2.80 SANDY SILT TO CLAYEY SILT ML·MH. 
3.27 CLAYEY SILT TO SILTY CLAY MH·Cl 
3.63 CLAYEY SILT TO SILTY CLAY MH·CL 
2.29 SANDY SILT TO CLAYEY SILT ML·MH 
1.09 SANO TO SILTY SANO SM-SP 
3.15 CLAYEY SILT TO SILTY CLAY MH·CL 

I. Default values of submerged IM'lit weight and cone factor are used. 

2. Relative density is esti111ated based on Schmertmann (1978). 
3. Friction angle is estimated based on Schmertmann (1978). 
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.39 

.40 

.41 

.38 

.43 

.40 

.36 

.37 

.38 

.43 

.49 

.40 

.56 

.52 

.53 

.65 

.66 

.56 

.46 

.70 

.65 

.48 

.55 

.50 

.50 

.58 

.65 

.59 

.60 

.82 

.69 

.70 

.64 

.65 

.66 

.67 

.75 

.68 

.69 

.78 

.95 

.72 

9 
8 
8 
7 
5 
5 
3 
3 

13 
8 

9 
15 
33 
22 
21 
27 
31 
16 
30 
72 
35 
14 

10 
10 
16 
13 
15 
15 
13 
24 
31 
15 
19 

17 
17 
18 
16 
18 
20 
26 
32 
16 

2.440 
2.201 
2.314 
1.526 
1.418 
1.192 
0.579 
0.376 
1.451 
1.735 

2.570 
2.394 

5.876 
5.727 

4.259 
3.275 

2.263 
2.185 
1.642 
2.555 
2.936 
4.095 
3.342 
2.939 

8.525 
4.038 
4.057 
3.813 
3.618 
3.966 
4.494 
3.966 
4.284 
7.068 

3.393 

19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 

19.5 
19.5 

19.5 
19.5 

19.5 
19.5 
19.5 
19.5 
19.5 

19.5 
19.5 
19.5 

19.5 
19.5 
19.5 
19.5 
19.5 

19.5 
19.5 
19.5 
19.5 
19.5 

19.5 

6Z 

60 
60 

45 

60 

100+ 
83 
82 

100+ 
100+ 

71 

100+ 
100+ 

67 

92 
90 

65 

81 
100+ 

37 
36 
37 

34 

36 

. 42 
40 

40 

42 
42 
38 

42 

42 

31 

42 
41 
37 

37 

39 
42 

Page 2 

.25 

.21 

.22 

• 15 

.22 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.36 

.50+ 

.50+ 

.31 

.36 

.50+ 

.50+ 
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McCLELLAND CONSULTANTS (Southwest), INC. 
LAND CONE TEST DATA INTERPRETATION PROGRAM 

PROJECT NO. : 0601-0312 
BORING NO. : 2 
CONE NO. 
DATE 

: 10 
: 03/08/90 

Wednesday, March 14, 1990 Page t 

POINT SLEEVE FRIC. EFF. V. EQUIV. UNO. SHEAR CONE RELATIVE FRICTION STRESS 
DEPTH 
(FT) 

RESIST. FRICTION RATIO SOIL BEHAVIOR TYPES 
CKSF) {KSF) CX> 

.20 

.40 

.60 

.80 
1.00 
1.20 

1.40 
1.60 
1.80 
2.00 
2.20 
2.40 
2.60 
2.80 
3.00 
3.20 
3.40 
3.60 
3.80 

17 .12 
20.54 
13.35 
17.12 
18.49 
12.32 
9.93 
7.36 
7.19 

11.98 

16.78 
16.77 
53.36 
12.84 
9.41 

10.96 
10.27 
13.35 
12.32 

4.00 10.96 

4.20 10.96 
4.40 13.00 
4.60 13.78 
4.80 10.96 
5.00 11.30 
5.20 10.61 
5.40 10.62 
5.60 11.64 
5.80 13.69 
6.00 16.43 
6.20 16.45 
6.40 706.66 

Notes: 

.09 

.05 

.00 

.19 

.09 

.00 

.03 

.00 

.00 

.08 

.25 

.00 

.66 

.09 

.04 

.01 

.03 

.oo 

.05 

.08 

.06 

.10 

.18 

.17 

.22 

.22 

.06 

.06 

.13 

.oo 

.11 

.oo 

.52 SENSITIVE FINE GRAINED OL·CH 

.23 SANDY SILT TO CLAYEY SILT ML·MH 

.00 SENSITIVE FINE GRAINED OL·CH 
1.14 CLAYEY SILT TO SILTY CLAY MH·CL 

.51 SENSITIVE FINE GRAINED OL·CH 

.00 SENSITIVE FINE GRAINED OL·CH 

.33 SENSITIVE FINE GRAINED OL·CH 

.00 SENSITIVE FINE GRAINED OL·CH 

.00 SENSITIVE FINE GRAINED OL·CH 

.64 SENSITIVE FINE GRAINED OL·CH 
1.50 CLAYEY SILT TO SILTY CLAY MH·CL 

.00 SENSITIVE FINE GRAINED Ol·CH 
1.24 SANDY SILT TO CLAYEY SILT ML·MH 

.68 SENSITIVE FINE GRAINED OL·CH 

.43 SENSITIVE FINE GRAINED Ol·CH 

.07 SENSITIVE FINE GRAINED OL·CH 

.31 SENSITIVE FINE GRAINED OL·CH 

.00 SENSITIVE FINE GRAINED OL·CH 

.40 SENSITIVE FINE GRAINED Ol.·CH 

.74 SENSITIVE FINE GRAINED 

.51 SENSITIVE FINE GRAINED 

.78 SENSITIVE FINE GRAINED 
1.34 SENSITIVE FINE GRAINED 
1.53 SENSITIVE FINE GRAINED 
1.97 SILTY CLAY TO CLAY 
2.03 SILTY CLAY TO CLAY 

.56 SENSITIVE FINE GRAINED 

.49 SENSITIVE FINE GRAINED 

.92 SENSITIVE FINE GRAINED 
.00 SENSITIVE FINE GRAINED 
.68 SENSITIVE FINE GRAINED 
.00 GRAVELLY SAND TO SAND 

Ol·CH 
OL·CH 
OL·CH 
Ol·CK. 
OL·CH 
CL·CH 
CL·CH 
OL·CH 
OL·CH 
OL·CH 
OL·CH 
OL·CH 
Sll·GW 

STRESS "N" 
(ICSF) 

.01 

.02 

.02 

.04 

.03 

.04 

.04 

.05 

.05 

.06 

.10 

.07 

.13 

.08 

.09 

.10 

.10 

.11 

.11 

4 
3 
3 
4 

4 

2 
2 

1 

2 
4 

4 

10 
3 
2 
2 
2 
3 
2 

.12 2 

.13 2 

.13 3 
• 14 3 
.14 2 
.20 3 
.21 3 
.16 2 

.17 2 

.17 3 

.18 3 

.19 3 

.42 56 

Default values of subnergecl unit weight and cone factor are used. 

019 

STRENGTH 
(KSf) 

0.877 
1.052 
0.684 
0.876 
0.947 
0.630 
0.507 
0.375 
0.366 
0.611 
0.855 
0.856 
2.730 
0.654 
0.478 
0.557 
0.522 
0.679 
0.626 
0.556 

0.555 
0.660 

0.699 
0.555 
0.569 

0.533 
0.536 
0.588 
0.693 
0.833 
0.834 

FACTOR DENSITY ANGLE 
(%) 

19.5 

19.5 
19.5 
19.5 
19.5 
19.5 

19.5 
19.5 
19.5 
19.5 
19.5 
19.5 

19.5 
19.5 
19.5 
19.5 

19.5 
19.5 
19.5 
19.5 

19.5 

19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 

19.5 
19.5 
19.5 

64 

78 

100+ 

37 

39 

46 

RATIO 

.50+ 

.50+ 

.50+ 
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2. Relative density is estimated based on Schmert111ann (1978). 
3. Friction angle is estimated based on Schmertmann (1978). 
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McCLELLAND CONSULTANTS (Southwest), INC. 
LAND CONE TEST DATA INTERPRETATION PROGRAM 

PROJECT NO. 
BORING NO. 
CONE NO. 
DATE 

: 0601-0312 
: 3 
: 10 
: 03/08/90 

POINT SLEEVE FRIC. 
DEPTH 
CFT> 

RESIST. FRICTION RATIO SOIL BEHAVIOR TYPES 
(KSF) CKSF) (X) 

.20 24.65 

.40 27.39 

.60 44.84 

.80 42. 79 
1.00 43.82 
1.20 48.96 
1.40 44.85 
1.60 54.09 
1.80 57 .52 
2.00 61.62 
2.20 150.38 
2.40 83.27 
2.60 74.98 
2.80 74.97 
3.00 78.39 
3.20 85.58 
3.40 95.13 
3.60 123.92 
3.80 134.01 
4.00 142.08 
4.20 140.36 
4.40 141.91 
4.60 188.19 
4.80 183.97 
5.00 160.32 
5.20 169.09 
5.40 163.29 
5.60 155.27 
5.80 105.47 
6.00 102.34 
6.20 95.86 
6.40 100.40 
6.60 99.33 
6.80 86.96 
7.00 79.50 
7.20 79.07 
7.40 71.38 
7.60 106.71 

.40 

.47 

.99 
1.05 

.95 
1.02 

.92 
1. 12 
1.08 

.47 
2.92 
2.61 
1.21 
1.39 
1.18 
1.04 
1.28 
2.17 
3.85 
3.85 
3.24 
2.88 
3.12 
4.74 
4.36 
4.07 
3.82 
2.86 
1.99 
1.95 
2.05 
1.22 
1.83 
1.24 

.69 
1.28 
1.23 
1.42 

1.64 CLAYEY SILT TO SILTY CLAY MH·CL 
1.72 CLAYEY SILT TO SILTY CLAY MH·CL 
2.22 SANDY SILT TO CLAYEY SILT Ml-MH 
2.45 CLAYEY SILT TO SILTY CLAY MH·CL 
2.18 SANDY SILT TO CLAYEY SILT ML·MH 
2.09 SANDY SILT TO CLAYEY SILT ML-MH 
2.04 SANDY SILT TO CLAYEY SILT ML·MH 
2.06 SANDY SILT TO CLAYEY SILT ML·MH 
1.89 SANDY SILT TO CLAYEY SILT ML·MH 
.17 SILTY SAND TO SANDY SILT SM-Ml 

1.94 SILTY SAND TO SANDY SILT SM·Ml 
3.14 CLAYEY SILT TO SILTY CLAY MH·CL 
1.61 SANDY SILT TO CLAYEY SILT Ml·MH 
1.85 SANDY SILT TO CLAYEY SILT ML·MH 
1.51 SILTY SAND TO SANDY SILT SM·ML 
1.22 SILTY SAND TO SANDY SILT SM·Ml 
1.35 SILTY SAND TO SANDY SILT SM·ML 
1.76 SILTY SAND TO SANDY SILT SM·ML 
2.88 SANDY SILT TO CLAYEY SILT ML·MH 
2.71 SANDY SILT TO CLAYEY SILT ML·MH 
2.31 SANDY SILT TO CLAYEY SILT ML·MH 
2.03 SILTY SAND TO SANDY SILT SM-ML 
1.66 SILTY SAND TO SANDY SILT SM·MI.. 
2.58 SANDY SILT TO CLAYEY SILT ML·MH 
2.72 SANDY SILT TO CLAYEY SILT ML·MH 
2.41 SILTY SANO TO SANDY SILT SM·ML 
2.34 SILTY SAND TO SANDY SILT SM·ML 
1.84 SILTY SAND TO SANDY SILT SM·ML 
1.89 SILTY SAND TO SANDY SILT SM·Ml 
1.91 SILTY SAND TO SANDY SILT SM·ML 
2.14 SANDY SILT TO CLAYEY SILT ML-MH 
1.22 SILTY SAND TO SANDY SILT SM-ML 
1.84 SILTY SAND TO SANDY SILT SM-ML 
1.43 SILTY SANO TO SANDY SILT SM·ML 

.86 SILTY SAND ·To SANDY SILT SM·ML 
1.62 SILTY SAND TO SANDY SILT SM·ML 
1.72 SANDY SILT TO CLAYEY SILT Ml·MH 
1.33 SILTY SAND TO SANDY SILT SM·ML 

EFF. V. EQUIV. UNO. SHEAR CONE RELATIVE FRICTION STRESS 
STRESS "N" STRENGTH FACTOR DENSITY ANGLE RATIO 

. (KSF) (KSF) (X) 

.01 5 

.02 6 

.03 8 

.04 10 

.05 8 

.06 9 

.07 8 

.08 10 

.09 11 

.11 9 

.12 24 
• 11 19 
.13 14 
.14 14 
.17 12 
.18 13 
.19 15 
.20 19 
.19 25 
.20 27 
.21 26 

.24 22 

.25 30 

.24 35 

.25 30 

.29 26 

.30 26 

.31 24 

.32 16 

.33 16 

.31 18 

.35 16 

.36 15 

.37 13 

.38 12 

.40 12 

.37 13 

.42 17 

1.264 
1.404 
2.298 
2.192 
2.245 
2.508 
2.296 
2.770 
2.945 

4.265 
3.838 
3.837 

6.863 
7.276 
7.187 

9.422 
8.209 

4.900 

3.642 

19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 

19.5 
19.5 
19.5 

19.5 
19.5 
19.5 

19.5 
19.5 

19.5 

19.5 

82 

78 
81 
11 
83 
85 
86 

100+ 

92 
91 
90 

93 
97 

100+ 
100+ 
100+ 
100+ 
100+ 
100+ 
100+ 
100+ 
100+ 
100+ 
100+ 

90 

88 
87 
86 
85 
80 
76 
76 
73 

85 

39 

39 
39 
39 
40 
40 

40 
42 

41 
41 
41 
41 
42 
42 
42 
42 

42 
42 
42 
42 
42 
42 
42 

42 

41 
40 
40 
40 
40 

39 
39 
39 
38 
40 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 
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7.80 
8.00 
8.20 
8.40 
8.60 
8.80 
9.00 
9.20 
9.40 
9.60 
9.80 

10.00 
10.20 
10.40 
10.60 
10.80 
11.00 
11.20 
11.40 
11.60 
11.80 
12.00 
12.20 
12.40 
12.60 
12.80 
13.00 
13.20 
13.40 
13.60 
13.80 
14.00 
14.20 
14.40 
14.60 
14.80 
15.00 
15.20 
15.40 
15.60 
15.80 
16.00 
16.20 
16.40 
16.60 
16.80 
17.00 
17.20 
17.40 
17.60 
17.80 
18.00 

125.43 
69.69 
64.06 
60.94 
64.68 
52.06 
49.31 
56.68 
94.32 
60.43 
54.77 
57.17 
64.43 

134.86 
175.78 
119.24 
98.21 
73.69 
54.79 
32.59 
27.19 
67. 16 

109.30 
126.05 
86.87 

114.89 
144.31 
131.45 
113.78 
77.80 
66.18 
39.54 
77.48 
48.48 
25.57 
14.07 
6.68 

20.13 
60.87 
63.96 
64.74 

126.04 
70.35 
56.83 

117.58 

135.04 
95.16 
47.89 

88.75 
91.99 

110.14 

210.52 

.89 

.oo 

.54 

.95 
1.11 
.86 
.95 
.79 
.73 
.14 
.42 

1.08 
.70 

1.53 
4.76 
3.82 
1.77 
1.63 

.66 

.65 

.14 
1.04 
3.22 
2.68 

.46 

.56 

.87 

.91 

.63 

.01 

.41 

.06 

.52 

.12 

.11 

.19 

.01 

.00 

.36 

.47 

.72 
1.67 
1.07 

.51 

.88 
1.26 

.71 

.48 
1.40 
1.05 
2.04 
4.54 

Wednesday, March 14, 1990 

.71 SANO TO SILTY SANO SM·SP 

.00 SANO TO SILTY SAND SM-SP 

.84 SILTY SAND TO SANDY SILT SM-ML 
1.56 SANDY SILT TO CLAYEY SILT ML·MH 
1.72 SANDY SILT TO CLAYEY SILT Ml-MH 
1.65 SANDY SILT TO CLAYEY SILT ML·MK 
1.92 SANDY SILT TO CLAYEY SILT ML-MK 
1.40 SANDY SILT TO CLAYEY SILT ML-MK 

.77 SILTY SAND TO SANDY SILT SM-ML 

.22 SILTY SAND TO SANDY SILT SM·ML 

.77 SILTY SAND TO SANDY SILT SM·ML 
1.90 SANDY SILT TO CLAYEY SILT ML·MH 
1.09 SILTY SAND TO SANDY SILT SM-ML 
1.14 SILTY SAND TO SANDY SILT SM-ML 
2.71 SANDY SILT TO CLAYEY SILT Ml·MH 
3.20 SANDY SILT TO CLAYEY SILT Ml·MH 
1.81 SILTY SAND TO SANDY SILT SM·Ml 
2.21 SANDY SILT TO CLAYEY SILT ML-MH 
1.20 SANDY SILT TO CLAYEY SILT Ml-MH 
2.01 CLAYEY SILT TO SILTY CLAY MH-Cl 

.53 SANDY SILT TO CLAYEY SILT ML·MH 
1.55 SANDY SILT TO CLAYEY SILT ML-MH 
2.95 SANDY SILT TO CLAYEY SILT ML·MH 
2.13 SANDY SILT TO CLAYEY SILT ML-MH 

.53 SAND TO SILTY SAND SM-SP 

.49 SAND TO SILTY SANO SM-SP 

.60 SAND TO SILTY SAND SM-SP 

.69 SAND TO SILTY SANO SM-SP 

.56 SAND TO SILTY SAND SM·SP 

.01 SAND TO SILTY SAND SM·SP 

.62 SILTY SAND TO SANDY SILT SM-ML 

.16 SILTY SAND TO SANDY SILT SM·ML 

.68 SILTY SAND TO SANDY SILT SM·ML 

.25 SILTY SAND TO SANDY SILT SM-ML 

.44 SANDY SILT TO CLAYEY SILT Ml·MH 
1.36 CLAYEY SILT TO SILTY CLAY MH·CL 

.10 SENSITIVE FINE GRAINED Ol·CK 

.01 SENSITIVE FINE GRAINED Ol·CH 

.59 SILTY SAND TO SANDY SILT SM-Ml 

.73 SILTY SAND TO SANDY SILT SM-ML 
1.11 SILTY SANO TO SANDY SILT SM·Ml 
1.32 SILTY SAND TO SANDY SILT SM·Ml 
1.52 SANDY SILT TO CLAYEY SILT ML·MH 

.90 SILTY SANO TO SANDY SILT SM-Ml 

.75 SAND TO SILTY SAND SM·SP 

.93 SAND TO SILTY SAND SM·SP 

.75 SILTY SANO TO SANDY SILT SM·ML 
1.01 SANDY SILT TO CLAYEY SILT ML·MH 
1.57 SILTY SANO TO SANDY SILT SM·ML 
1.15 SILTY SANO TO SANDY SILT SM-ML 
1.85 SILTY SANO TO SANDY SILT SM·ML 
2.16 SILTY SAND TO SANDY SILT SM-ML 

022 

.47 

.48 

.45 

.42 

.43 

.44 

.45 

.46 

.52 

.53 

.54 

.50 

.56 

.57 

.53 

.54 

.60 

.56 

.57 

.52 

.59 

.60 

.61 

.62 

.76 

.77 

.78 

.79 

.80 

.82 

.76 

.77 

.78 

.79 

.73 

.67 

.45 

.46 

.85 

.86 

.87 

.88 

.81 

.90 
1.00 
1.01 

.93 

.86 

.96 

.97 

.98 

.99 

15 
8 

10 
11 
12 
9 
9 

10 
15 
9 
8 

10 
10 
21 
33 
22 

15 
14 
10 
7 
5 

12 
20 
24 
10 
13 
17 
15 
13 
9 

10 
6 

12 
7 
4 
3 

4 

9 
10 
10 
20 
13 
9 

14 

16 
15 
9 

14 
14 
17 
33 

3.104 
3.295 
2.647 
2.506 
2.883 

2.906 

8.987 
6.087 

3.750 
2.781 
1.645 
1.364 
3.413 
5.574 
6.432 

1.274 
0.687 
0.319 
1.009 

3.566 

2.412 

19.5 
19.5 
19.5 
19.5 
19.5 

19.5 

19.5 
19.5 

19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 

19.5 
19.5 
19.5 
19.5 

19.5 

19.5 

88 
68 

67 
67 
68 

62 
61 
63 
76 
63 
60 
62 
63 
86 
99 

83 

74 
67 
59 

36 
63 
78 
83 
66 
75 
82 
79 
73 
61 
58 
41 
62 

46 
27 

52 
53 
53 
75 
59 
48 
69 

74 
64 
43 
62 
62 
67 
89 

41 
39 
37 
37 
38 
37 
37 
37 
39 
37 
37 
37 

. 37 
40 
42 
40 
38 
37 
36 

33 
37 
39 
40 
39 
40 
40 
40 
39 
38 
36 
34 
37 
34 
32 

35 
36 

36 

39 
36 

35 
39 

39 
37 
34 
37 
37 
38 
41 

Page 2 

.50+ 

.45 

.39 

.39 

.45 

.25 

.23 

.28 

.50+ 

.26 

.22 

.25 

.27 

.50+ 

.50+ 

.50+ 

.50+ 

.38 

.21 

.13 

.27 

.50+ 

.50+ 

.34 

.50+ 

.SO+ 

.50+ 

.50+ 

.24 

.21 

.15 

.25 

.16 

.12 

.18 
• 18 
.19 
.50+ 
.21 
.17 
.47 
.50+ 
.29 
.15 
.25 
.26 
.39 
.50+ 
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18.20 120.31 3.52 2.93 SANDY SILT TO CLAYEY SILT ML·MH .91 23 6.123 19.5 72 38 .50+ 
18.40 77.45 1.66 2.15 SANDY SILT TO CLAYEY SILT ML·MH .92 14 3.925 19.5 59 36 .21 
18.60 96.65 .38 .39 SAND TO SILTY SAND SM·SP 1.12 11 61 38 .24 
18.80 92.70 .93 1.01 SILTY SAND TO SANDY SILT SM·ML 1.03 14 61 37 .24 
19.00 96.14 .90 .94 SILTY SAND TO SANDY SILT SM·ML 1.04 15 62 37 .25 
19.20 79.55 1.22 1.53 SILTY SAND TO SANDY SILT SM·ML 1.06 12 55 36 .20 
19.40 68.47 .93 1.37 SILTY SAND TO SANDY SILT SM·ML 1.07 10 49 35 .17 
19.60 59.93 .25 .41 SILTY SANO TO SANDY SILT SM·ML 1.08 9 45 34 .16 
19.80 48.69 .08 • 16 SILTY SAND TO SANDY SILT SM·ML 1.09 7 38 33 .14 

Notes: 

1. Default values of submerged unit weight and cone factor are used. 
2. Relative density is estimated based on Schmertmm (1978). 
3. Friction angle is estimated based on Schmertmann (1978). 
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McCLELLAND CONSULTANTS (Southwest), INC. 
LAND CONE TEST DATA INTERPRETATION PROGRAM 

PROJECT NO. : 0601·0312 
BORING NO. : 4 
CONE NO. : 10 
DATE : 03/08/90 

POINT SLEEVE FRIC. 
DEPTH 
(FT) 

RESIST. FRICTION RATIO SOIL BEHAVIOR TYPES 
(KSF) (KSF) CX) 

.20 41.94 

.40 31.50 

.60 260.48 

.80 46.31 
1:00 54.09 
1.20 43.48 
1.40 95.15 
1.60 116.72 
1.80 139.54 
2.00 125.95 
2.20 139.35 
2.40 99.63 
2.60 126.08 
2.80 81.57 
3.00 44.17 
3.20 47.75 
3.40 65.04 
3.60 77 .04 
3.80 70.56 
4.00 63.33 
4.20 50.64 
4.40 69.80 
4.60 64.70 
4.80 68.12 
5.00 57.86 
5.20 34.60 
5.40 23.44 
5.60 32.85 
5.80 53.07 
6.00 54.77 
6.20 83.79 
6.40 129.14 
6.60 53.38 
6.80 119.51 
7.00 39.53 
7.20 18.51 
7.40 22.23 
7.60 102.41 

.13 .30 SILTY SAND TO SANDY SILT SM·ML 

.00 .00 SANDY SILT TO CLAYEY SILT ML·MH 

.00 .00 SAND SV·SP 
1.30 2.80 CLAYEY SILT TO SILTY CLAY Mff·CL 

.69 1.27 SANDY SILT TO CLAYEY SILT ML·MH 

.66 1.51 SANDY SILT TO CLAYEY SILT ML·MH 
1.04 1.10 SILTY SAND TO SANDY SILT SM·ML 
1.16 1.00 SILTY SAND TO SANDY SILT SM·ML 
1.47 1.D5 SAND TO SILTY SAND SM·SP 
2.66 2.11 SILTY SAND TO SANDY SILT SM·ML 
2.56 1.84 SILTY SAND TO SANDY SILT SM·ML 
1.36 1.37 SILTY SAND TO SANDY SILT SM·ML 
2.49 1.98 SILTY SAND TO SANDY SILT SM·ML 
1.67 2.05 SANDY SILT TO CLAYEY SILT Ml·MH 

.63 1.42 SANDY SILT TO CLAYEY SILT ML·MH 
1.00 2.09 SANDY SILT TO CLAYEY SILT ML·MH 
1.43 2.21 SANDY SILT TO CLAYEY SILT ML·MH 
1.83 2.38 SANDY SILT TO CLAYEY SILT ML·MH 
1.80 2.55 SANDY SILT TO CLAYEY SILT ML·MH 

.83 1.32 SANDY SILT TO CLAYEY SILT ML·MH 
1.13 2.23 SANDY SILT TO CLAYEY SILT Ml·MH 
1.43 2.06 SANDY SILT TO CLAYEY SILT ML·MH 
1.46 2.26 SANDY SILT TO CLAYEY SILT Ml·MH. 
1.48 2.17 SANDY SILT TO CLAYEY SILT ML·MH 
1.25 2.16 SANDY SILT TO CLAYEY SILT ML·MH 

.78 2.25 CLAYEY SILT TO SILTY CLAY MH·Cl 

.23 .97 SANDY SILT TO CLAYEY SILT Ml·MH 

.53 1.62 SANDY SILT TO CLAYEY SILT ML·MH 
1.64 3.09 CLAYEY SILT TO SILTY CLAY MH·CL 
1.39 2.53 SANDY SILT TO CLAYEY SILT ML·MM 

.71 .85 SILTY SAND TO SANDY SILT SM·ML 
1.31 1.01 SAND TO SILTY SAND SM·SP 

.91 1.70 SANDY SILT TO CLAYEY SILT Ml·MH 
1.73 1.45 SILTY SAND TO SANDY SILT SM·ML 
1.29 3.27 CLAYEY SILT TO SILTY CLAY Mtl-CL 

.46 2.49 SILTY CLAY TO CLAY CL·CH 

.69 3.10 SILTY CLAY TO CLAY CL·CH 
2.03 1.98 SANDY SILT TO CLAYEY SILT ML·MH 

EFF. V. EQUIV. UND. SHEAR CONE RELATIVE FRICTION STRESS 
STRESS 11N" STRENGTH FACTOR DENSITY ANGLE RATIO 
CKSF) (KSF) CX) 

.01 6 

.02 6 

.04 24 

.04 11 

.05 10 

.06 8 

.08 15 

.09 18 

.11 16 

.11 20 

.12 22 

.13 15 

.14 20 

.14 15 

.15 8 

.16 9 

.17 12 

.18 14 

.19 13 

.20 12 

.21 9 

.22 13 

.23 12 

.24 13 

.25 11 

.23 8 

.27 4 

.28 6 

.26 12 

.30 10 

.34 13 

.38 15 

.33 10 

.37 19 

.31 9 

.29 5 

.30 7 

.38 19 

1.614 

2.373 
2.n1 
2.227 

4.176 
2.257 
2.441 
3.327 
3.942 
3.609 
3.237 
2.586 
3.568 
3.306 
3.481 
2.954 
1.763 
1.188 
1.670 
2.708 
2.793 

2.721 

2.011 
0.934 
1.125 
5.232 

81 
19.5 72 

100+ 
19.5 
19.5 88 
19.5 n 

100+ 
100+ 
100+ 
100+ 
100+ 
100+ 
100+ 

19.5 95 
19.5 71 
19.5 73 
19.5 82 

19.5 88 
19.5 84 
19.5 79 

19.5 71 
19.5 81 
19.5 78 
19.5 79 
19.5 73 
19.5 
19.5 50 
19.5 58 
19.5 
19.5 69 

80 
94 

19.5 67 

19.5 
19.5 
19.5 

92 

19.5 85 

39 
38 
44 

40 
39 
42 
42 
42 
42 
42 
42 
42 
41 
38 
38 
40 
40 
40 
39 
38 
39 
39 
39 
38 

35 
36 

38 
39 
42 
37 
41 

40 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.SO+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.SD+ 

.50+ 

.16 

.21 

.50+ 

.50+ 

.50+ 

.44 

.50+ 

.50+ 
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7.80 143.65 2.44 1.70 SILTY SAND TO SANOY SILT SM·Ml .43 22 96 42 .50+ 
8.00 49.31 1.02 2.07 SANOY SILT TO CLAYEY SILT Ml·MH .40 9 2.508 19.5 62 37 .26 
8.20 52.37 1.00 1.91 SANDY SILT TO CLAYEY SILT Ml·MH .41 10 2.66S 19.5 63 37 .28 
8.40 158.69 2.89 1.82 SILTY SAND TO SANDY SILT SM·Ml .46 25 99 42 .SO+ 
8.60 107.11 2.13 1.99 SANDY SILT TO CLAYEY SILT ML·MH .43 20 S.471 19.5 84 40 .SO+ 
8.80 139.74 3.70 2.6S SANDY SILT TO CLAYEY SILT Ml·MH .44 26 7.144 19.5 94 41 .SO+ 
9.00 73.61 .01 .01 SANO TO SILTY SAND SM·SP .54 8 68 39 .41 
9.20 216.88 3.73 1.72 SILTY SANO TO SANDY SILT SM·ML .51 34 100+ 42 .50+ 
9.40 104.61 1.25 1.19 SILTY SAND TO SANDY SILT SM·Ml .52 16 80 39 .50+ 
9.60 124.45 1.35 1.08 SILTY SAND TO SANDY SILT SM·ML .53 19 85 40 .50+ 
9.80 150.04 1.56 1.04 SAND TO SILTY SAND SM·SP .59 17 90 41 .50+ 

10.00 205.91 3.25 1.58 SILTY SAND TO SANDY SILT SM·Ml .SS 32 100+ 42 .SO+ 
10.20 66.S3 2.78 4.17 SILTY CLAY TO CLAY Cl·CH .41 21 3.391 19.5 
10.40 117 .21 5.76 4.92 SILTY CLAY TO CLAY Cl·CH .42 37 5.989 19.5 
10.60 473.65 8.11 1. 71 SAND TO SILTY SAND SM·SP .64 56 100+ 42 .50+ 
10.80 155.18 2.94 1.89 SILTY SAND TO SANDY SILT SM·ML .59 24 91 41 .50+ 
11.00 69.47 1.26 1.81 SANDY SILT TO CLAYEY SILT ML·MH .55 13 3.534 19.5 66 37 .33 
11.20 66.76 1.20 1.79 SANDY SILT TO CLAYEY SILT Ml·MH .56 12 3.395 19.5 64 37 .29 
11.40 114.87 2.96 2.58 SANDY SILT TO CLAYEY SILT Ml·MH .57 22 5.862 19.5 81 39 .50+ 
11.60 131.07 3.99 3.05 SANDY SILT TO CLAYEY SILT ML-MH .58 25 6.692 19.5 85 40 .50+ 
11.80 139.57 2.81 2.01 SILTY SANO TO SANDY SILT SM·Ml .65 22 85 40 .SO+ 
12.00 243.03 5.64 2.32 SILTY SAND TO SANDY SILT SM·Ml .66 38 100+ 42 .50+ 

Notes: 

1. Default values of sut:merged unit weight and cone factor are used. 
2. Relative density is estimated based on Schmertlllllm (1978). 
3. Friction angle is estimated based on Sehmertmam (1978). 
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McCLELLAND CONSULTANTS (Southwest), INC. 
LAND CONE TEST DATA INTERPRETATION PROGRAM 

PROJECT NO. 
BORING NO. 
CONE NO. 
DATE 

POINT 

: 0601-0312 
: 5 
; 10 
; 03/08/90 

SLEEVE FRIC. 
DEPTH 
(FT) 

RESIST. FRICTION RATIO SOIL BEHAVIOR TYPES 
(KSF) CKSf) (X) 

.20 306.46 

.40 221.55 

.60 132.60 

.80 80.90 
1.00 58. 75 
1.20 49.34 
1.40. 45.65 
1.60 86.60 
1.80 92.63 
2.00 88.03 
2.20 91.63 
2.40 204.60 
2.60 158.64 
2.80 170.20 
3.00 118.67 
3.20 116. 13 
3.40 109.46 
3.60 116.49 
3.80 90.71 
4.00 37.28 
4.20 37.26 
4.40 37.26 
4.60 40.61 
4.80 37.93 
5.00 41.61 
5.20 52.33 
5.40 46.68 
5.60 48.99 
5.80 38.60 
6.00 42.96 
6.20 43.97 
6.40 47.99 

6.60 58.06 
6.80 65.49 
7.00 43.00 
7.20 46.70 
7.40 43.30 

7.60 38.95 

1.03 
1.28 
1.77 

1.46 
1.17 
1.06 
1.04 

.75 
2.29 
2.19 
2.02 
3.78 

.84 
3.84 
2.43 
1.86 
1.09 
1.89 
1.59 
.86 
.84 

.90 

1.02 
1.37 
1.47 
1.75 
1.70 
1.62 
1.24 
1.32 
1.27 
2.22 
1.91 
1.92 
1.34 
1.17 
1.57 
1.32 

.34 SAND 

.58 SAND 
S\l·SP 
Sll·SP 

1.34 SILTY SAND TO SANDY SILT SM·Ml 
1.80 SANDY SILT TO CLAYEY SILT Ml·MH 
2.00 SANDY SILT TO CLAYEY SILT ML·MH 
2.16 SANDY SILT TO CLAYEY SILT ML·MH 
2.27 SANDY SILT TO CLAYEY SILT ML·MH 

.87 SILTY SAND TO SANDY SILT SM-ML 
2.48 SANDY SILT TO CLAYEY SILT HL·MH 
2.49 SANDY SILT TO CLAYEY SILT ML·MH 
2.21 SANDY SILT TO CLAYEY SILT ML·MH 
1.85 SILTY SANO TO SANDY SILT SM·Ml 
.53 SANO TO SILTY SAND SM·SP 

2.26 SILTY SAND TO SANDY SILT SM-Ml 
2.05 SILTY SAND TO SANDY SILT SM·ML 
1.60 SILTY SAND TO SANDY SILT SM·ML 
1.00 SILTY SANO TO SANDY SILT SM·ML 
1.62 SILTY SAND TO SANDY SILT SM·ML 
1.75 SILTY SAND TO SANDY SILT SM·ML 
2.30 CLAYEY SILT TO SILTY CLAY MH·CL 
2.26 CLAYEY SILT TO SILTY CLAY MH·CL 
2.41 CLAYEY SILT TO SILTY CLAY MH·Cl 
2.52 CLAYEY SILT TO SILTY CLAY MH·C~ 

3.62 SILTY CLAY TO CLAY CL·CH 
3.52 SILTY CLAY TO CLAY CL-CH 
3.34 CLAYEY SILT TO SILTY CLAY MH·CL 
3.63 CLAYEY SILT TO SILTY CLAY MH·CL 
3.31 CLAYEY SILT TO SILTY CLAY MH·CL 
3.21 CLAYEY SILT TO SILTY CLAY MH·CL 
3.06 CLAYEY SILT TO SILTY CLAY MH·CL 
2.88 CLAYEY SILT TO SILTY CLAY MH·Cl 
4.64 CLAY CH 
3.29 CLAYEY SILT TO SILTY CLAY MH·CL 
2.94 CLAYEY SILT TO SILTY CLAY MH·CL 
3.11 CLAYEY SILT. TO SILTY CLAY MH·CL 
2.50 CLAYEY SILT TO SILTY CLAY MH·CL 
3.63 SILTY CLAY TO CLAY CL·CH 
3.39 CLAYEY SILT TO SILTY CLAY MH·CL 
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EFF. V. EQUIV. UNO. SHEAR CONE RELATIVE FRICTION STRESS 
STRESS "N" STRENGTH FACTOR DENSITY ANGLE RATIO 
(KSF) (KSF) (X) 

.01 29 

.03 21 

.03 

.04 

.OS 

.06 

.07 

.09 

.09 

.10 

.11 

.13 

.16 

.15 

.17 

.18 

.19 

.20 

.21 

.18 

.19 

.20 

.21 

.19 

.20 

.23 

.24 

.25 

.26 

.27 

.28 

.26 

.30 

.31 

.31 

.32 

.30 

.34 

21 

15 
11 
9 

8 

13 
17 
16 
17 
32 
18 
27 
18 
18 
17 
18 
14 
8 

8 
8 

9 
12 
13 
12 
11 
11 
9 

10 
10 
22 
13 
15 
10 
11 
13 
9 

4.147 
3.010 
2.S27 
2.337 

4.746 
4.509 
4.693 

1.903 
1.901 

1.901 
2.072 
1.935 
2.124 
2.672 
2.382 
2.499 
1.966 
2.189 
2.241 
2.448 
2.962 
3.343 
2.189 
2.378 

2.205 
1.980 

19.S 
19.S 
19.5 
19.5 

19.5 
19.5 
19.5 

19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 

19.5 
19.5 
19.5 

19.5 
19.5 

100+ 
100+ 
100+ 
100+ 
92 
82 
78 

100+ 
100+ 
100+ 
100+ 
100+ 
100+ 
100+ 
100+ 
100+ 
100+ 
100+ 
93 

44 
44 
42 
42 
41 
40 
39 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
41 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.SO+ 

.SO+ 

.50+ 

.50+ 

.50+ 

.SO+ 

.50+ 

.50+ 

.50+ 

.50+ 
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7.80 39.58 1.20 3.04 CLAYEY SILT TO SILTY CLAY MH·CL .35 9 2.012 19.5 
8.00 54.33 1.64 3.02 CLAYEY SILT TO SILTY CLAY MH·CL .36 13 2.768 19.5 
8.20 42.96 1.00 2.34 SANDY SILT TO CLAYEY SILT ML·MH .41 8 2.182 19.5 59 36 .21 
8.40 27.62 1.04 3.75 SILTY CLAY TO CLAY CL·CH .34 8 1.399 19.5 
8.60 28.54 1.05 3.67 SILTY CLAY TO CLAY CL·CH .34 9 1.446 19.5 
8.80 23.51 .95 4.04 CLAY CH .35 11 1.188 19.5 
9.00 25.86 .85 3.30 SILTY CLAY TO CLAY CL·CH .36 8 1.308 19.5 
9.20 32.90 .72 2.19 CLAYEY SILT TO SILTY CLAY MH·CL .41 7 1.666 19.5 
9.40 78.68 1.64 2.08 SANDY SILT TO CLAYEY SILT ML·MH .47 15 4.011 19.5 72 38 .50+ 
9.60 51.00 1.30 2.54 SANDY SILT TO CLAYEY SILT ML·MH .48 9 2.591 19.5 60 37 .22 
9.80 52.10 1.30 2.49 SANDY SILT TO CLAYEY SILT ML·MH .49 9 2.647 19.5 61 37 .22 

10.00 70.27 1.02 1.45 SANDY SILT TO CLAYEY SILT Ml·MH .so 13 3.578 19.5 68 38 .42 
10.20 206.34 1.74 .84 SANO TO SILTY SANO SM·SP .61 24 100+ 42 .50+ 
10.40 45.91 .99 2.15 SANDY SILT TO CLAYEY SILT ML·MH .52 8 2.328 19.5 55 36 .19 
10.60 21.86 .29 1.31 CLAYEY SILT TO SILTY CLAY MH·CL .48 5 1.096 19.5 
10.80 9.44 .50 5.32 CLAY CH .43 4 0.462 19.5 
11.00 51.01 .92 1.80 SANDY SILT TO CLAYEY SILT ML·MH .55 9 2.588 19.5 58 36 .20 
11.20 123.61 2.87 2.32 SANDY SILT TO CLAYEY SILT Ml·MH .56 23 6.310 19.5 84 40 .50+ 
11.40 274.03 5.54 2.02 SILTY SANO TO SANOY SILT SM·ML .63 43 100+ 42 .50+ 
11.60 225.08 4.77 2.12 SILTY SANO TO SANDY SILT SM·ML .64 35 100+ 42 .50+ 
11.80 220.61 5.91 2.68 SANDY SILT TO CLAYEY SILT ML·MH .59 42 11.283 19.5 100+ 42 .SO+ 
12.00 219.06 6.06 2.77 SANDY SILT TO CLAYEY SILT ML·MH .60 41 11.203 19.5 100+ 42 .50+ 
12.20 62.13 2.22 3.57 CLAYEY SILT TO SILTY CLAY MH·CL .55 14 3.158 19.5 
12.40 85.71 1 .59 1.86 SANDY SILT TO CLAYEY SILT ML·MH .62 16 4.364 19.5 69 38 .49 
12.60 97.14 2.13 2.19 SANDY SILT TO CLAYEY SILT ML·MH .63 18 4.949 19.5 73 38 .SO+ 
12.80 222.23 3.23 1.45 SAND TO SILTY SAND SM-SP .77 26 99 42 .50+ 

Notes: 

1. Default values of submerged unit weight and cone factor are used. 
2. Relative density is estimated based on Schmertmann (1978). 
3. Friction angle is estimated based on Schmertmann (1978). 
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McCLELLAND CONSULTANTS (Southwest), INC. 
LAND CONE TEST DATA INTERPRETATION PROGRAM 

PROJECT NO. : 0601-0312 
BORING NO. : 6 
CONE NO. : 10 
DATE : 03/08/90 

POINT SLEEVE FRIC. 
::>EPTH 
(FT) 

RESIST. FRICTION RATIO SOIL BEHAVIOR TYPES 
{KSF) (KSF) (%) 

1.20 59.57 
1.40 91. 75 
1.60 112.98 
1.80 94.15 
2.00 89.01 
2.20 84.22 
2.40 75.32 
2.60 64.37 
2.80 67.78 
3.00 137.29 
3.20 82.58 
3.40 69.85 
3.60 51.35 
3.80 56.83 
4.00 43.15 
4.20 43.47 
4.40 50.32 
4.60 46.22 
4.80 43.31 
5.00 46.56 
5.20 61.62 
5.40 69.13 
5.60 58.56 
5.80 53.06 
6.00 54.07 
6.20 47.24 
6.40 41.80 
6.60 35.61 
6.80 30.13 
7.00 30.80 
7.20 29.11 
7.40 27 .05 
7.60 29.44 
7.80 38.67 
8.00 106.47 
8.20 73.45 
8.40 65.80 
8.60 65.05 

.82 
1.64 
2.37 
2.27 
1.98 
2.26 
1.86 
1.84 
2.75 
2.62 
3.22 
2.38 
2.26 
2.18 
2.17 
1.81 
1.88 
1.89 
1.83 

2.15 
2.24 

2.66 
2.31 
1.86 
2.26 
2.31 
2.06 
1.65 

1.38 SANDY SILT TO CLAYEY SILT ML·MH 
1.79 SILTY SAND TO SANDY SILT SM-Ml 
2.10 SANDY SILT TO CLAYEY SILT ML-MH 
2.41 SANDY SILT TO CLAYEY SILT ML-MH 
2.23 SANDY SILT TO CLAYEY SILT ML-MH 
2.69 SANDY SILT TO CLAYEY SILT ML·MH 
2.47 SANDY SILT TO CLAYEY SILT ML-MH 
2.87 SANDY SILT TO CLAYEY SILT ML-MH 
4.06 SILTY CLAY TO CLAY Cl-CH 
1.91 SILTY SANO TO SANDY SILT SM·Ml 
3.90 CLAYEY SILT TO SILTY CLAY MH·CL 
3.40 CLAYEY SILT TO SILTY CLAY MK-CL 
4.39 SILTY CLAY TO CLAY CL·CH 
3.83 CLAYEY SILT TO SILTY CLAY MH·CL 
5.03 CLAY CH 
4.17 SILTY CLAY TO CLAY CL·CH 
3.73 CLAYEY SILT TO SILTY CLAY MH·CL 
4.09 SILTY CLAY TO CLAY Cl-CH 
4.23 SILTY CLAY TO CLAY CL-CH 
4.61 CLAY CH 
3.63 CLAYEY SILT TO SILTY CLAY MH·CL 
3.85 CLAYEY SILT TO SILTY CLAY MH·CL 
3.95 SILTY CLAY TO CLAY CL·CH 
3.51 CLAYEY SILT TO SILTY CLAY MH·CL· 
4.17 SILTY CLAY TO CLAY CL·CH 
4.88 CLAY CH 
4.93 CLAY 
4.64 CLAY 

CH 
CH 

1.42 4.71 CLAY CH 
1.42 4.63 CLAY CH 
1.28 4.41 CLAY CH 
1. n 6.36 CLAY CH 
1.91 6.47 CLAY CH 
2.93 7.59 CLAY CH 
3.75 3.52 CLAYEY SILT 'TO SILTY CLAY MH-CL 
3.76 5.11 CLAY CH 
3.53 5 .37 CLAY CH 
4.55 7 .00 CLAY CH 
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EFF. V. EQUIV. UND. SHEAR CONE RELATIVE FRICTION STRESS 
STRESS •N" STRENGTH FACTOR DENSITY ANGLE RATIO 
(KSF) CKSF) (X) 

.06 11 

.08 14 

.08 21 

.09 18 

.10 17 

.11 16 

.12 14 

.13 12 

.11 21 

.17 21 

.14 19 

.15 16 

.14 16 

.17 13 

.16 20 

.17 13 

.20 12 

.18 14 

.19 13 

.20 22 

.23 14 

.24 16 

.22 18 

.26 12 

.24 17 

.25 22 

.26 20 

.26 17 

.27 14 

.28 14 

.29 13 

.30 12 

.30 14 

.31 18 

.36 25 

.33 35 

.34 31 

.34 31 

3.052 

5.790 
4.824 
4.559 
4.313 
3.856 
3.294 
3.470 

4.228 
3.574 
2.626 
2.906 
2.205 
2.221 
2.570 
2.361 
2.211 
2.377 
3.148 
3.533 
Z.992 
2.708 
2.761 
2.410 
2. 130 
1.813 
1.531 
1.565 
1.478 
1.372 

t.494 
1.967 
5.442 
3.750 
3.357 
3.318 

19.5 

19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 

19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 

91 
100+ 
100+ 
100+ 
100+ 
100+ 
94 
85 

100+ 

41 
42 
42 
42 
42 
42 
41 
40 

42 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.SO+ 

.50+ 

.50+ 

.50+ 
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8.80 129.15 6.42 4.97 VERY STIFF FINE GRAINED CH-CL. 
9.00 63. 11 4.23 6.71 CLAY CH 
9.20 99.47 3.90 3.92 CLAYEY SILT TO SILTY CLAY MH-Cl 
9.40 82.89 3.66 4.41 SILTY CLAY TO CLAY CL·Clf 
9.60 79.77 3.57 4.48 SILTY CLAY TO CLAY Cl·CH 
9.80 69.17 2.51 3.63 CLAYEY SILT TO SILTY CLAY MH-Cl 

10.00 62.32 3.14 5.04 CLAY CH 
10.20 61.64 2.79 4.53 SILTY CLAY TO CLAY CL-CH 
10.40 60.28 2.71 4.49 SILTY CLAY TO CLAY Cl-CH 
10.60 74.94 3.27 4.37 SILTY CLAY TO CLAY CL·CH 
10.80 185.82 10.68 5.75 VERY STIFF FINE GRAINED CH-Cl 
11.00 100.44 5.05 5.03 SILTY CLAY TO CLAY Cl·CH 
11.20 130.83 6.66 5.09 VERY STIFF FINE GRAINED CH·Cl 
11.40 75.30 3.14 4. 17 SILTY CLAY TO CLAY Cl-CH 
11.60 91.59 3.93 4.29 SILTY CLAY TO CLAY CL-CH 
11.80 96.85 4.35 4.49 SILTY CLAY TO CLAY CL·CH 
12.00 78.97 4.17 5.28 CLAY CH 
12.20 79.77 4.09 5.13 CLAY CH 
12.40 81.81 4.44 5.43 CLAY CH 
12.60 78.73 6.40 8. 13 CLAY CH 
12.80 259.51 8.81 3.40 SANDY SILT TO CLAYEY SILT ML-MH 
13.00 124.49 6.96 5.59 VERY STIFF FINE GRAINED CH·Cl 
13.20 110.28 5.26 4.77 SILTY CLAY TO CLAY CL·CK 
13.40 101.38 4.78 4.72 SILTY CLAY TO CLAY Cl·CH 

otes: 

1. Default values of submerged unit weight and cone factor are used. 
Relative density is estimated based on Schmertmnn (1978). 
Friction angle is estimated based on Schmertmam (1978). 
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.48 61 

.36 30 

.41 23 

.38 26 

.38 25 

.44 16 

.40 29 

.41 19 

.42 19 

.42 23 

.59 89 

.44 32 

.62 62 

.46 24 

.46 29 

.47 30 

.48 37 

.49 38 

.50 39 

.50 37 

.64 49 

.71 59 

.53 35 

.54 32 

Pege 2 

6.598 19.5 89 28· .50+ 
3.218 19.5 
5.080 19.5 
4.231 19.5 
4.071 19.5 
3.525 19.5 
3.175 19.5 
3.140 19.5 
3.070 19.5 
3.822 19.5 
9.499 19.5 98 28· .50+ 
5.128 19.5 
6.677 19.5 84 .28· .50+ 
3.838 19.5 
4.673 19.5 
4.943 19.5 
4.025 19.5 
4.066 19.5 
4.170 19.5 
4.012 19.5 

13.275 19.5 100+ 42 .50+ 
6.348 19.5 80 28· .47 
5.628 19.5 
5.171 19.5 
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McCLELLAND CONSULTANTS (Southwest), INC. 
LAND CONE TEST DATA INTERPRETATION PROGRAM 

PROJECT NO. : 0601·0312 
BORING NO. : 7 
CONE NO. : 10 
DATE : 03/08/90 

POINT SLEEVE FRIC. 
DEPTH 
(FT) 

RESIST. FRICTION RATIO SOIL BEHAVIOR TYPES 
CKSF) (KSF) (%) 

.20 71.89 

.40 100 .31 

.60 85.59 

.80 66.42 
1.00 73.25 
1.20 53.24 
1.40 70.52 
1.60 59.23 
1.80 60.60 
2.00 67.27 
2.20 48.97 
2.40 43.48 
2.60 31.84 
2.80 27.90 
3.00 40.72 
3.20 53.06 
3.40 33.64 
3.60 42.94 
3.80 29.83 
4.00 30.82 
4.20 29.46 
4.40 28.07 
4.60 32.52 
4.80 40.39 
5.00 34.05 
5.20 35.43 
5.40 31.84 
5.60 27.90 
5.80 33.20 
6.00 32.87 
6.20 39.35 
6.40 23.69 
6.60 16.44 
6.80 15.42 
7.00 51.70 
7.20 33.90 
7.40 22.94 
7.60 30.13 

1.48 
3.40 
2.25 
1.65 
2.36 
1.30 
1.58 
1.39 
1.39 
1.30 

.40 

.56 

.51 

.52 

.93 

.96 

.63 

.98 

.30 

.44 
1.06 

.54 

.73 
1.21 

.91 

.80 

.79 

.76 
1.07 
1.06 

.50 

.72 

.35 

.37 

.61 

.86 

.41 

.27 

2.06 SANDY SILT TO CLAYEY SILT ML·MH 
3.39 CLAYEY SILT TO SILTY CLAY MH·CL 
2.63 SANDY SILT TO CLAYEY SILT ML·MH 
2.48 SANDY SILT TO CLAYEY SILT ML·MH 
3.22 CLAYEY SILT TO SILTY CLAY MH·CL 
2.44 SANDY SILT TO CLAYEY SILT ML·MH 
2.24 SANDY SILT TO CLAYEY SILT ML·MH 
2.35 SANDY SILT TO CLAYEY SILT ML·MH 
2.29 SANDY SILT TO CLAYEY SILT ML·MH 
1.93 SANDY SILT TO CLAYEY SILT ML·MH 
.82 SILTY SANO TO SANDY SILT SM·ML 

1.29 SANDY SILT TO CLAYEY SILT ML·MH 
1.61 SANDY SILT TO CLAYEY SILT ML·MH 
1.88 CLAYEY SILT TO SILTY CLAY MH·CL 
2.27 CLAYEY SILT TO SILTY CLAY MH·CL 
1.81 SANDY SILT TO CLAYEY SILT ML·MH 
1.88 SANDY SILT TO CLAYEY SILT ML·MH 
2.28 SANDY SILT TO CLAYEY SILT ML·MH 

.99 SANDY SILT TO CLAYEY SILT ML·MH 
1.43 SANDY SILT TO CLAYEY SILT ML·MH 
3.60 SILTY CLAY TO CLAY CL·CH 
1.93 CLAYEY SILT TO SILTY CLAY MH·CL 
2.24 CLAYEY SILT TO SILTY CLAY MH·CL 
3.00 CLAYEY SILT TO SILTY CLAY MH·CL 
2.68 CLAYEY SILT TO SILTY CLAY MH·CL 
2.25 CLAYEY SILT TO SILTY CLAY MH·CL 
2.49 CLAYEY SILT TO SILTY CLAY MH·CL 
2.72 CLAYEY SILT TO SILTY CLAY MH·CL 
3.21 SILTY CLAY TO CLAY CL·CH 
3.24 SILTY CLAY TO CLAY CL·CH 
1.27 SANDY SILT TO CLAYEY SILT ML·MH 
3.04 SILTY CLAY TO CLAY CL·CH 
2.13 SILTY CLAY TO CLAY CL·CH 
2.40 SILTY CLAY TO CLAY CL-CH 
1.18 SANDY SILT TO CLAYEY SILT ML-MH 
2.55 CLAYEY SILT TO SILTY CLAY MH·CL 
1.79 CLAYEY SILT TO SILTY CLAY MH-Cl 

.91 SANDY SILT TO CLAYEY SILT ML·MH 

EFF. V. EQUIV. UNO. SHEAR CONE RELATIVE FRICTION STRESS 
STRESS "N" STRENGTH FACTOR DENSITY ANGLE RATIO 
(KSF) CKSF) CX) 

.01 

.02 

.03 

.04 

.05 

.06 

.07 

.08 

.09 

.10 

.12 

.12 

.13 

.13 
• 14 
.16 
.17 
.18 
.19 
.20 
.17 
.20 
.21 
.22 
.22 
.23 
.24 
.25 
.23 
.24 
.31 
.26 
.26 
.27 
.35 
.32 
.33 
.38 

030 

13 
24 
16 
12 
17 
10 
13 

11 
11 
12 
7 
8 
6 

6 
9 

10 
6 
8 
5 
5 

9 

6 
7 
9 
8 
8 
7 
6 

10 
10 
7 

7 
5 

4 

9 
8 
5 
5 

3.686 
5.143 
4.388 

3.404 
3.754 
2.727 
3.613 
3.033 
3.103 
3.445 

2.224 
1.626 
1.424 
2.081 
2.713 
1.716 
2.193 
1.520 
1.570 
1.502 
1.429 
1.657 
2.060 
1.735 
1.805 
1.621 
1.418 
1.691 
1.673 
2.002 
1.202 
0.830 
o.m 
2.633 
1.722 
1.159 
1.526 

19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 

19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 

19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 

100+ 

100+ 

100+ 

85 
99 

88 
87 
91 
76 

73 
65 

76 
64 
69 
61 
61 

61 

65 

50 

42 

42 
42 

40 
42 
40 
40 
41 
39 
38 

37 

39 
37 
38 

37 
37 

37 

37 

35 

.50+ 

•. 50+ 
.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.45 

.50+ 

.27 

.26 

.24 

.35 

.16 
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7.80 35.96 
8.00 24.31 
8.20 29.08 
8.40 27.39 
8.60 21.60 
8.80 17.46 
9.00 23.01 
9.20 23.96 
9.40 43.34 
9.60 49. 71 
9.80 33.91 

10.00 39.01 
10.20 39.69 
10.40 36.46 
10.60 
10.80 
11.00 

11.20 
1f.40 
11.60 

11.80 
12.00 
12.20 
12.40 
12.60 
12.80 
13.00 
13.20 
13.40 
13.60 
13.80 
14.00 
14.20 
14.40 
14.60 
14.80 
15.00 
15.20 
15.40 
15.60 
15.80 
16.00 
16.20 
16.40 
16.60 
16.80 
17.00 
17.20 
17.40 
17.60 
17.80 
18.00 

34.91 
38.36 
62.53 
62.30 
83.16 
69.16 
49.57 
14.93 
12.67 
11.30 
13.37 
11.64 
10.95 
12.14 
15.29 
11.66 
10.27 
17.10 
23.23 
16.15 

10.28 
7.88 

12.27 
83.44 

103.27 
137.38 
128.72 
154.45 
103.05 
93.01 

110.44 
94.26 
91.33 

72.60 
136.46 
111.58 
137.22 
130.31 

1.34 
.82 
.78 
.96 
.81 
.48 

.38 

.35 

.85 
1.18 

.94 

.76 

.54 

.52 

.87 
1.01 

.64 

.47 

.35 

.47 

.34 

.36 

.35 

.24 

.18 

.10 

.15 
• 12 
.34 
.13 
.28 
.35 
.01 
.25 

.15 

.06 

.12 
1.92 
4.18 
4.75 
5.53 
7.96 
3.36 
2.11 

2.73 
3.94 
2.43 
1.66 
2.85 
2.45 

2.73 
3.86 

\lednesday, March 14, 1990 

3.74 SILTY CLAY TO CLAY CL·CH 
3.39 SILTY CLAY TO CLAY CL·CH 
2.69 CLAYEY SILT TO SILTY CLAY Mll·CL 
3.50 SILTY CLAY TO CLAY CL·CH 
3.76 CLAY CH 
2.76 SILTY CLAY TO CLAY Cl-CH 
1.64 CLAYEY SILT TO SILTY CLAY MH·CL 
1.44 CLAYEY SILT TO SILTY CLAY MH·CL 
1.97 SANDY SILT TO CLAYEY SILT ML·MH 
2.37 SANDY SILT TO CLAYEY SILT Ml·MH 
2.76 CLAYEY SILT TO SILTY CLAY MK·Cl 
1.96 SANDY SILT TO CLAYEY SILT ML-MH 
1.35 SANDY SILT TO CLAYEY SILT ML·MH 
1.43 SANDY SILT TO CLAYEY SILT Ml·MH 
2.49 CLAYEY SILT TO SILTY CLAY MH·CL 
2.65 CLAYEY SILT TO SILTY CLAY MH·CL 
1.02 SILTY SAND TO SANDY SILT SM·Ml 

.75 SILTY SAND TO SANDY SILT SM-ML 

.42 SAND TO SILTY SAND SM·SP 

.68 SILTY SAND TO SANDY SILT SM·ML 

.68 SILTY SAND TO SANDY SILT SM·ML 
2.39 SILTY CLAY TO CLAY CL·CH 
2.74 SILTY CLAY TO CLAY CL·CH 
2.08 SILTY CLAY TO CLAY Cl·CH 
1.31 SENSITIVE FINE GRAINED Ol·CH 
.85 SENSITIVE FINE GRAINED OL·CH 

1.33 SENSITIVE FINE GRAINED Ol·CH 
1.01 SENSITIVE FINE GRAINED Ol·CH 
2.19 SILTY CLAY TO CLAY CL·CK 
1.07 SENSITIVE FINE GRAINED Ol·CH 
2.75 CLAY CH 
2.03 CLAYEY SILT TO SILTY CLAY MH·CL 

.04 SANDY SILT TO CLAYEY SILT ML-MH 
1.58 CLAYEY SILT TO SILTY CLAY Mff-Cl 
1.50 SENSITIVE FINE GRAINED OL-CK 

.81 SENSITIVE FINE GRAINED OL-CH 

.99 SENSITIVE FINE GRAINED Ol·Clt 
2.31 SANDY Sill TO CLAYEY SILT ML·MH 
4.04 CLAYEY SILT TO SILTY CLAY MH·Cl 
3.46 SANDY SILT TO CLAYEY SILT ML·MH 
4.29 CLAYEY SILT TO SILTY CLAY MH·CL 
5.15 VERY STIFF FINE GRAINED CH·Cl 
3.26 SANDY SILT TO CLAYEY SILT ML·MH 
2.27 SANDY SILT TO CLAYEY SILT ML·MH 
2.48 SANDY SILT TO CLAYEY SILT ML·MH 
4.18 CLAYEY SILT TO SILTY CLAY MH·Cl 
2.66 SANDY SILT TO CLAYEY SILT ML·Mff 
2.29 SANDY SILT TO CLAYEY SILT ML·MH 
2.09 SILTY SAND TO SANDY SILT SM-ML 
2.19 SANDY SILT TO CLAYEY SILT ML·MH 
1.99 SILTY SAND TO SANDY SILT SM·ML 
2.96 SANDY SILT TO CLAYEY SILT ML-MH 

D31 

.31 

.32 

.37 

.34 

.34 

.35 

.40 

.41 

.47 

.48 

.44 

.50 

.51 

.52 

.48 

.49 

.60 

.62 

.68 

.64 

.65 

.48 

.49 

.50 

.38 

.38 

.39 

.40 

.54 

.41 

.55 

.63 

.71 

.65 

.44 

.44 

.45 

.76 

.69 

.78 

.71 

.88 

.81 

.82 

.83 

.76 

.85 

.86 

.96 

.88 

.98 

.90 

11 
7 
6 
8 

10 
5 
5 
5 
8 
9 
8 
7 
7 

6 
8 

9 

9 

9 

9 

11 
7 
4 
4 

3 
3 

2 
2 

2 
4 

2 
4 

4 

4 
3 

2 
1 
2 

15 
24 
26 
30 
73 
19 
17 
21 
22 
17 
13 
21 
21 
21 
24 

1.828 
1.230 
1.472 
1.387 
1.090 

0.877 
1.159 
1.208 
2.198 
2.525 
1.716 
1.975 
2.009 
1.843 
1.766 
1.942 

0.741 
0.625 
0.554 
0.666 
0.577 
0.542 
0.602 
0.756 
0.577 
0.498 
0.845 
1.155 
0.795 
0.505 
0.382 
0.606 
4.240 
5.261 
7.005 
6.565 
7.875 
5.243 
4.728 
5.621 
4.795 
4.640 
3.679 

5.677 

6.636 

19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 

19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 

19.5 

19.5 

56 
60 

51 
51 
48 

61 
61 

67 
63 
52 

25 

65 

81 

82 
70 
66 
71 

65 
58 
75 
70 
75 
75 

36 
36 

35 
. 35 

35 

37 
37 
39 
37 
35 

32 

37 

39 

28· 
38 

37 
38 

37 

36 
39 
38 

39 
39 

Page 2 

.19 

.21 

.17 

.17 

.16 

.24 

.23 

.36 

.26 

.18 

• 12 

.30 

.50+ 

.50+ 

.49 

.35 

.50+ 

.31 

.21 

.50+ 

.50+ 

.50+ 

.SO+ 
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18.20 130.40 4.89 3.75 CLAYEY SILT TO SILTY CLAY MH·Cl .82 31 6.645 19.5 
18.40 100.41 4.43 4.41 SILTY CLAY TO CLAY Cl·CH .74 32 5.111 19.5 
18.60 103.84 2.74 2.64 SANDY SILT TO CLAYEY SILT Ml·MH .93 19 5.2n 19.5 67 37 .37 
18.80 117.68 2.98 2.53 SANDY SILT TO CLAYEY SILT Ml·MH .94 22 5.987 19.5 70 38 .50+ 
19.00 135.60 2.47 1.82 SILTY SAND TO SANDY SILT SM·Ml 1.04 21 73 38 .50+ 
19.20 168.32 2.64 1.57 SILTY SAND TO SANDY SILT SM-Ml 1.06 26 81 39 .50+ 
19.40 172.17 2.75 1.59 SILTY SAND TO SANDY SILT SM-ML 1.07 27 81 39 .50+ 
19.60 147.63 3.75 2.54 SANDY SILT TO CLAYEY SILT Ml·MH .98 28 7.521 19.5 78 39 .50+ 
19.80 144.42 4.73 3.27 SANDY SILT TO CLAYEY SILT ML·MH .99 27 7.355 19.5 n 39 .50+ 
20.00 183.09 5.09 2.78 SANDY SILT TO CLAYEY SILT Ml·MH 1.00 35 9.338 19.5 84 40 .50+ 

Notes: 

1. Default values of submerged unit weight and cone factor are used. 
2. Relative density is estimated based on Schmertmam (1978). 
3. Friction angle is estimated based on Schmertmam (1978). 

D32 
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McCLELLAND CONSULTANTS (Southwest), INC. 
LAND CONE TEST DATA INTERPRETATION PROGRAM 

PROJECT NO. : 0601·0312 
BORING NO. : 8 

: 10 CONE NO. 
DATE : 03/08/90 

POINT SLEEVE FRIC. 
DEPTH 
(FT) 

RESIST. FRICTION RATIO SOIL BEHAVIOR TYPES 
CKSF) CKSF) (X) 

.20 33.21 

.40 39.71 

.60 31. 15 

.80 30.81 
1.00 46.24 
1.20 42.45 
1.40 44.18 
1.60 34.58 
1.80 35.26 
2.00 26.03 
2.20 29.10 
2.40 38.68 
2.60 35.62 
2.80 40.41 
3.00 49.46 
3.20 29.78 
3.40 29.78 
3.60 31.33 
3.80 33.21 
4.00 59.53 
4.20 75.99 
4.40 77.55 
4.60 74.54 
4.80 83.18 
5.00 52.04 
5.20 61.12 
5.40 61.00 
5.60 42. 79 
5.80 57.48 
6.00 55.15 
6.20 53.07 
6.40 58.52 
6.60 50.33 
6.80 46.58 
7.00 40.75 
7.20 46.54 
7.40 49.97 
7.60 49.82 

.47 1.42 SANDY SILT TO CLAYEY SILT ML·MH 
1.03 2.59 CLAYEY SILT TO SILTY CLAY MH·CL 

.65 2.09 CLAYEY SILT TO SILTY CLAY MH·CL 

.34 1.10 SANDY SILT TO CLAYEY SILT ML·MH 

.76 1.65 SANDY SILT TO CLAYEY SILT ML·MH 

.38 .90 SANDY SILT TO CLAYEY SILT ML·MH 

.75 1.70 SANDY SILT TO CLAYEY SILT ML·MH 

.46 1.33 SANDY SILT TO CLAYEY SILT ML·MK 

.62 1.76 SANDY SILT TO CLAYEY SILT ML·MK 

.40 1.55 CLAYEY SILT TO SILTY CLAY MH·CL 

.47 1.63 CLAYEY SILT TO SILTY CLAY MK·Cl 

.77 2.00 SANDY SILT TO CLAYEY SILT ML·MH 

.58 1.62 SANDY SILT TO CLAYEY SILT ML·MH 

.55 1.35 SANDY SILT TO CLAYEY SILT ML·MH 

.61 1.23 SANDY SILT TO CLAYEY SILT ML·MH 

.62 2.08 CLAYEY SILT TO SILTY CLAY MH·CL 

.48 1.62 SANDY SILT TO CLAYEY SILT Ml·MH 

.51 1.62 SANDY SILT TO CLAYEY SILT ML·MH 

.70 2.11 CLAYEY SILT TO SILTY CLAY MH·CL 
1.59 2.67 SANDY SILT TO CLAYEY SILT ML·MH 
1.96 2.58 SANDY SILT TO CLAYEY SILT ML·MH 
1.64 2.11 SANDY SILT TO CLAYEY SILT ML·MH 
1.38 1.84 SANDY SILT TO CLAYEY SILT ML·MK 
2.07 2.49 SANDY SILT TO CLAYEY SILT ML·MH 

.97 1.86 SANDY SILT TO CLAYEY SILT ML·MH 

.96 1.58 SANDY SILT TO CLAYEY SILT ML·MH 
1.05 1.72 SANDY SILT TO CLAYEY SILT ML·MH 

.68 1.59 SANDY SILT TO CLAYEY SILT ML·MH 
1.11 1.94 SANDY SILT TO CLAYEY SILT ML·MH 
1.07 1.95 SANDY SILT TO CLAYEY SILT ML·MH 
1.24 2.34 SANDY SILT TO CLAYEY SILT ML·MH 
1.89 3.23 CLAYEY SILT TO SILTY CLAY MH·CL 
1.65 3.27 CLAYEY SILT TO SILTY CLAY MH·CL 
1.51 3.23 CLAYEY SILT TO SILTY CLAY MH·CL 
1.27 3.12 CLAYEY SILT TO SILTY CLAY MH·CL 
1.55 

1.52 
1.71 

3.32 CLAYEY SILT TO SILTY CLAY MH·CL 
3.04 CLAYEY SILT TO SILTY CLAY MH·CL 
3.43 CLAYEY SILT TO SILTY CLAY MH·CL 

D33 

EFF. V. EQUIV. UND. SHEAR CONE RELATIVE FRICTION STRESS 
STRESS "N" 
(f(Sf) 

.01 

.02 

.03 

.04 

.05 

.06 

.07 

.08 

.09 

.09 

.10 

.12 

.13 

.14 

.15 

.14 

.17 

.18 

.17 

.20 

.21 

.22 

.23 

.24 

.25 

.26 

.27 

.28 

.29 

.30 

.31 

.29 

.30 

.31 

.31 

.32 

.33 

.34 

6 
9 
7 

5 

8 
8 

8 
6 

6 
6 

6 
7 

6 
7 
9 

7 

5 
6 
7 

11 
14 
14 
14 
15 
9 

11 
11 

8 
11 
10 
10 
14 
12 
11 

9 

11 
11 
11 

STRENGTH 
(f(SF) 

1.703 
2.035 
1.596 
1.578 
2.369 
2.174 
2.262 
1.769 
1.804 
1.330 
1.487 
1.977 
1.820 
2.065 
2.529 
1.520 
1.518 
1.597 
1.694 
3.043 
3.886 
3.966 
3.811 
4.253 
2.656 
3.121 
3.114 
2.180 
2.933 
2.813 
2.706 
2.986 
2.566 
2.373 
2.074 
2.370 
2.546 
2.537 

FACTOR DENSITY 
<X> 

19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.S 
19.5 
19.5 
19.S 
19.S 
19.5 
19.S 
19.5 
19.S 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.S 

74 

70 
80 
77 

77 

70 
70 

70 
67 
70 
74 

62 
62 

77 

as 
85 
83 
86 
70 
74 
74 
64 
71 

69 
68 

ANGLE 

38 

38 
39 
39 
39 
38 
38 

38 
37 
38 
38 

37 
37 

39 
40 
40 
40 
40 

38 
38 
38 
37 
38 
38 
38 

RATIO 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.SO+ 

.50+ 

.50+ 

.50+ 

.50+ 

.31 

.32 

.50+ 

.50+ 

.50+ 

.SO+ 

.50+ 

.SO+ 

.50+ 

.50+ 

.32 
.SO+ 
.50+ 
.50+ 
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7.80 
8.00 
8.20 
8.40 
8.60 
8.80 
9.00 
9.20 
9.40 
9.60 
9.80 

10.00 
10.20 
10.40 
10.60 
10.80 
11.00 
11.20 
11.40 
11.60 
11.80 
12.00 
12.20 
12.40 
12.60 
12.80 
13.00 
13.20 
13.40 
13.60 
13.80 
14.00 
14.20 
14.40 
14.60 
14.80 
15.00 
15.20 
15.40 
15.60 
15.80 
16.00 
16.20 
16.40 
16.60 
16.80 
17.00 
17.20 
17.40 
17.60 
17.80 
18.00 

38.04 
43.80 
51.26 
43.54 
56.09 
29.85 
30.80 
38.66 
42.48 
44.52 
40.88 
54.90 
35.95 
30.30 
29.10 
28.41 
40.74 
33.92 
32.88 
28.44 
31.64 
50.02 
50.66 
56.33 
47.28 
47.63 
49.65 
60.93 
70.52 

110.86 
146.60 
188.23 
165.92 
64.41 
55.85 
59.53 

161.69 
172.80 
153.33 
218.38 
162.02 
79.97 
99.56 

115.07 
114.35 
171.79 
319.17 
344.76 
256.35 
214.38 
125.53 
121.27 

.83 
1.42 
1.37 
1.07 
1.58 
1.11 

.58 

.94 
1.45 
1.81 
1.18 
1.03 

.79 

.49 

.52 

.46 
1.28 
.98 
.72 
.56 
.94 

1.56 
1.31 
1. 71 
1 .36 
.98 

1.02 
1.99 

1.34 
1.88 
1.39 
1.33 
1.76 
1.32 
1.07 
2.00 
5.43 
6.36 
4.72 
6.08. 
6.06 

1.67 
2.86 
3.86 
3.47 
3.39 
3.74 
3.68 
3.47 
2.99 

2.26 
2.91 

Wednesday, March 14, 1990 

2.19 CLAYEY SILT TO SILTY CLAY MH·CL 
3.24 CLAYEY SILT TO SILTY CLAY MH·CL 
2.68 CLAYEY SILT TO SILTY CLAY MH·CL 
2.45 CLAYEY SILT TO SILTY CLAY MH·CL 
2.82 CLAYEY SILT TO SILTY CLAY MH-CL 
3.72 SILTY CLAY TO CLAY Cl·CH 
1.89 CLAYEY SILT TO SILTY CLAY MH·CL 
2.44 CLAYEY SILT TO SILTY CLAY MH·CL 
3.40 CLAYEY SILT TO SILTY CLAY MH·CL 
4.07 SILTY CLAY TO CLAY CL·CH 
2.89 CLAYEY SILT TO SILTY CLAY MH·CL 
1.88 SANDY SILT TO CLAYEY SILT ML-MH 
2.18 CLAYEY SILT TO SILTY CLAY MH·CL 
1.61 SANDY SILT TO CLAYEY SILT ML·MH 
1.80 CLAYEY SILT TO SILTY CLAY MH-CL 
1.64 CLAYEY SILT TO SILTY CLAY MH·CL 
3.13 CLAYEY SILT TO SILTY CLAY MH·CL 
2.88 CLAYEY SILT TO SILTY CLAY MH-CL 
2.20 CLAYEY SILT TO SILTY CLAY MH·Cl 
1.98 CLAYEY SILT TO SILTY CLAY MH·CL 
2.96 CLAYEY SILT TO SILTY CLAY MH·CL 
3.13 CLAYEY SILT TO SILTY CLAY MH·CL 
2.58 CLAYEY SILT TO SILTY CLAY MH·CL 
3.03 CLAYEY SILT TO SILTY CLAY MH·CL 
2.87 CLAYEY SILT TO SILTY CLAY MH·CL 
2.05 SANDY SILT TO CLAYEY SILT ML·MH 
2.04 SANDY SILT TO CLAYEY SILT ML·MH 
3.27 CLAYEY SILT TO SILTY CLAY MH·CL 
1.90 SANDY SILT TO CLAYEY SILT Ml·MH 
1.70 SILTY SAND TO SANDY SILT SM·ML 

.95 SAND TO SILTY SAND SM·SP 

.70 SAND TO SILTY SAND SM·SP 
1.06 SAND TO SILTY SAND SM-SP 
2.05 SANDY SILT TO CLAYEY SILT ML·MH 
1.92 SANDY SILT TO CLAYEY SILT ML·MH 
3.36 CLAYEY SILT TO SILTY CLAY MH·CL 
3.36 SANDY ~Ill TO CLAYEY SILT ·ML·MH. 
3.68 CLAYEY SILT TO SILTY CLAY MH·CL 
3.08 SANDY SILT TO CLAYEY SILT ML·MH 
2.78 SANDY SILT TO CLAYEY SILT ML·MH 
3.74 CLAYEY SILT TO SILTY CLAY MH·CL 
2.08 SANDY SILT TO CLAYEY SILT ML·MH 
2.87 SANDY SILT TO CLAYEY SILT ML·MH 
3.35 SANDY SILT TO CLAYEY SILT ML·MH 
3.03 SANDY SILT TO CLAYEY SILT ML·MH 
1.97 SILTY SAND TO SANDY SILT SM·ML 
1.17 SAND TO SILTY SAND SM·SP 
1.07 SAND SW·SP 
1.36 SAND TO SIL TY SAND SM-SP 
1.39 SAND TO SILTY SAND SM·SP 
1.80 SILTY SAND TO SANDY SILT SM·ML 
2.40 SANDY SILT TO CLAYEY SILT ML·MH 

034 

.35 

.36 

.37 

.38 

.39 

.35 

.40 

.41 

.42 

.38 

.44 

.50 

.46 

.52 

.48 

.49 

.49 

.50 

.51 

.52 

.53 

.54 

.55 

.56 

.57 

.64 

.65 

.59 

.67 

.75 

.83 

.84 

.85 

.72 

.73 

.67 

.75 

.68 

.77 

.78 

.71 

.80 

.81 

.82 

.83 

.92 
1.02 
1.12 
1.04 

1.06 
.98 
.90 

9 
10 
12 
10 
13 
9 
7 
9 

10 
14 
9 

10 
8 
5 
6 

6 

9 

8 
7 
6 
7 

11 
12 
13 
11 
9 
9 

14 
13 
17 
17 
22 
19 
12 
10 
14 
30 
41 
29 
41 
38 
15 
19 

22 
21 
27 
38 
33 
30 
25 
20 
23 

1.933 
2.228 
2.610 
2.213 
2.856 
1.513 
1.559 
1.962 
2.157 
2.264 
2.074 
2.790 
1.820 
1.527 
1.468 
1.432 
2.064 
1. 714 
1.660 
1.432 
1.595 
2.537 
2.570 
2.860 
2.395 
2.410 
2.513 
3.094 
3.582 

3.266 
2.827 
3.018 
8.253 
8.827 
7.824 

11.159 
8.272 
4.060 
5.064 
5.859 
5.822 

6.173 

19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 

19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.S 
19.5 
19.5 

19.5 

61 

43 

51 
52 

63 
74 
81 

89 
85 
S9 
53 

87 

84 
97 

62 
68 
73 
72 
84 

100+ 

100+ 

95 
88 
72 
73 

37 

34 

35 
35 

37 
38 
40 
41 
41 
36 
35 

40 

40 
42 

37 
38 
38 
38 
40 
42 
44 
42 
41 
38 
38 
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.24 

.15 

.17 

.18 

.26 

.50+ 

.SO+ 

.SO+ 

.50+ 

.21 

.18 

.50+ 

.50+ 

.50+ 

.26 

.43 

.SO+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 
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18.20 108.59 3.80 3.50 CLAYEY SILT TO SILTY CLAY MH·CL .82 26 5.527 19.5 
18.40 118.42 3.91 3.30 SANDY SILT TO CLAYEY SILT ML·MH .92 22 6.026 19.5 71 38 .50+ 
18.60 140.49 2.47 1.76 SILTY SAND TO SANDY SILT SM·ML 1.02 22 75 39 .50+ 
18.80 258. 18 3.90 1.51 SAND TO SILTY SAND SM·SP 1.13 30 93 42 .50+ 
19.00 182.24 1.66 .91 SAND TO SILTY SAND SM·SP 1.14 21 81 40 .50+ 
19.20 225.64 2.77 1.23 SAND TO SILTY SAND SM·SP 1.15 27 88 41 .50+ 
19.40 268.07 3.04 1.13 SAND TO SILTY SAND SM·SP 1 .16 32 94 42 .50+ 
19.60 276.86 3.85 1.39 SAND TO SIL TY SAND SM·SP 1.18 33 95 42 .50+ 
19.80 175.06 4.69 2.68 SANDY SILT TO CLAYET SILT ML·MH .99 33 8.927 19.5 83 40 .50+ 
20.00 174.45 5.18 2.97 SANDY SILT TO CLAYEY SILT ML·MH 1.00 33 8.895 19.5 83 40 .50+ 
20.20 149.05 5.17 3.47 SANDY SILT TO CLAYEY SILT ML·MK 1.01 28 7.592 19.5 78 39 .50+ 
20.40 159.77 5.53 3.46 SANDY SILT TO CLAYEY SILT ML·MH 1.02 30 8.141 19.5 80 39 .SO+ 

Notes: 

1. Default values of submerged "'1i t weight and cone factor are used. 
2. Relative density is estimated based on Schmertmann (1978). 
3. Friction angle is estimated based on Schmertmam (1978). 
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McCLELLAND CONSULTANTS (Southwest), INC. 
LAND CONE TEST DATA INTERPRETATION PROGRAM 

PROJECT NO. 
BORING NO. 
CONE NO. 
DATE 

: 0601·0312 
: 9 

10 
: 03/08/90 

Wednesday, March 14, 1990 Page 1 

POINT SLEEVE FRIC. EFF. V. EQUIV. UNO. SHEAR CONE RELATIVE FRICTIOtl STRESS 

DEPTH 
(FT) 

RESIST. FRICTION RATIO SOIL BEHAVIOR TYPES 
(KSF) (KSF) (X) 

.20 37.66 

.40 53.41 

.60 42.80 

.80 32.18 
1.00 27 .56 
1.20 31.15 
1.40 
1.60 
1.80 
2.00 
2.20 
2.40 
2.60 

2.80 
3.00 
3.20 
3.40 
3.60 
3.80 
4.00 
4.20 
4.40 
4.60 

4.80 
5.00 
5.20 
5.40 
5.60 

5.80 
6.00 
6.20 
6.40 
6.60 

6.80 
7.00 
7.20 
7.40 
7.60 

28.07 
27.56 
26.53 
32.17 
24.99 
27.76 
27.05 
27.05 
24.31 
19.51 
22.93 
44.85 
17.13 
14.37 
41.07 
40.25 
45.18 
33.90 
32.69 
25.69 
26.02 
15.93 
16.08 
18.48 
14.72 
11.64 

12.68 
14.03 
26.36 
23.53 
26.70 
17.14 

.43 1.14 SANDY SILT TO CLAYEY SILT ML·MH 
1.04 1.94 SANDY SILT TO CLAYEY SILT ML·MH 
1.12 2.62 CLAYEY SILT TO SILTY CLAY MH·CL 

.65 2.02 CLAYEY SILT TO SILTY CLAY MH·CL 

.51 1.84 CLAYEY SILT TO SILTY CLAY MH·CL 

.67 2.16 CLAYEY SILT TO SILTY CLAY MH·CL 

.53 

.n 

.55 

.55 

.87 

.50 

.60 

.56 

.47 

.39 

.54 

.13 

.05 

.07 
1.05 
.91 
.44 
.15 
.38 
.57 
.53 
.oo 
.16 
.14 
.08 
.27 
.31 
.20 
.85 
.41 
.68 
.23 

1.89 CLAYEY SILT TO SILTY CLAY MH·CL 
2.61 CLAYEY SILT TO SILTY CLAY MH·CL 
2.08 CLAYEY SILT TO SILTY CLAY MH·CL 
1.72 SANDY SILT TO CLAYEY SILT ML·MH 
3.46 SILTY CLAY TO CLAY CL-CH 
1.80 CLAYEY SILT TO SILTY CLAY MH·CL 
2.23 CLAYEY SILT TO SILTY CLAY MH·CL 
2.05 CLAYEY SILT TO SILTY CLAY MH·CL 
1.94 CLAYEY SILT TO SILTY CLAY MH·CL 
2.01 CLAYEY SILT TO SILTY CLAY MH·CL 
2.35 CLAYEY SILT TO SILTY CLAY MH·CL 

.30 SILTY SAND TO SANDY SILT SM·Ml 

.29 SENSITIVE FINE GRAINED OL·CH 

.46 SENSITIVE FINE GRAINED OL·CH 
2.56 CLAYEY SILT TO SILTY CLAY MH·CL 
2.26 CLAYEY SILT TO SILTY CLAY MH·CL 

.98 SANDY SILT TO CLAYEY SILT ML·M~ 

.46 SAHDY SILT TO CLAYEY SILT ML·MH 
1.15 SANDY SILT TO CLAYEY SILT ML·MH 
2.22 CLAYEY SILT TO SILTY CLAY MH·CL 
2.05 CLAYEY SILT TO SILTY CLAY MH·CL 

.00 SENSITIVE FINE GRAINED OL·CH 

.97 SENSITIVE FINE GRAINED OL·CH 

.77 CLAYEY SILT TO SILTY CLAY MH·CL 

.56 SENSITIVE FINE GRAINED Ol·CH 
2.32 SILTY CLAY TO CLAY Cl·CH 
2.47 SILTY CLAY TO CLAY CL·CH 
1.40 CLAYEY SILT TO SILTY CLAY MH·CL 
3.22 SILTY CLAY TO CLAY CL·CH 
1.75 CLAYEY SILT TO SILTY CLAY MH·CL 
2.56 CLAYEY SILT TO SILTY CLAY MH·CL 
1.32 CLAYEY SILT TO SILTY CLAY MH·tl 

STRESS "N" 
CKSF) 

.01 

.oz 

.03 

.04 

.05 

.05 

.06 

.07 

.08 

.10 

.09 

.11 

.12 

.13 

.14 

.14 

.15 

.zo 

.11 

.1Z 

.19 

.zo 

.23 

.24 

.25 

.23 

.24 

.17 

.17 

.27 

.19 

.26 

.26 

.31 

.28 

.3Z 

.33 

.34 

7 
10 
10 
7 

6 

7 
6 

6 

6 

6 
7 
6 

6 
6 

5 

4 

5 
7 
4 

3 
9 
9 
8 
6 

6 
6 
6 

3 
3 
4 

3 

3 
4 

3 
8 
5 

6 

4 
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STRENGTH 
(KSF) 

1.931 
2.738 

Z.193 
1.648 
1.411 
1.595 
1.436 
1.410 
1.356 
1.645 

1.277 
1.418 

1.381 
1.381 
1.239 
0.993 
1.168 

0.873 

0.731 

2.096 
2.054 
2.305 
1.726 
1.664 

1.306 
1.322 
0.808 
0.816 
0.934 
0.745 
0.584 
0.637 
0.704 
1.337 
1.190 

1.352 
0.862 

FACTOR DENSITY ANGLE 
(%) 

19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 

19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 

77 
93 

67 

69 

67 
61 
60 

39 
41 

37 

38 

38 
37 
36 

RATIO 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.25 

.23 
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7.80 13.72 
8.00 12.67 
8.20 12.67 
8.40 20.15 
8.60 21.58 
8.80 21.59 
9.00 22.97 
9.20 23.00 
9.40 16.26 
9.60 23.98 
9.80 17.46 

10.00 17 .29 
10.20 15.10 
10.40 13.01 
10.60 13.69 
10.80 10. 96 
11.00 13.71 
11.20 14.72 
11.40 15.75 
11.60 13.35 
11.80 20.83 
12.00 18.47 
12.20 29.05 
12.40 18.87 
12.60 16. 78 
12.80 13.86 
13.00 11.31 
13.20 
13.40 
13.60 
13.80 
14.00 
14.20 
14.40 
14.60 
14.80 
15.00 
15.20 
15.40 

10.61 
10.61 
16.44 
13.39 
9.58 

15.35 
9.60 

11.64 

58.09 
61.35 
49.04 

20.58 
15.60 9.96 
15.80 10.60 
16.00 
16.20 
16.40 
16.60 
16.80 
17.00 
17.20 
17.40 
17.60 
17.80 
18.00 

61.11 
48.49 

196. 11 
523. 18 
447.06 
153.61 
199.38 
122.24 
65.03 
65.04 

69.45 
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.14 

.17 

.25 

.62 

.64 

.37 

.72 

.44 

.23 

.29 

.17 

.23 

.37 

.16 

.23 

.20 

.00 

.29 

.23 

.16 

.37 

.25 

.80 

.25 

.35 

.25 

.15 

.15 

.15 

.16 

.12 

.11 

.22 

.09 

.00 

.oo 

.00 

.01 

.09 

.98 SENSITIVE FINE GRAINED Ol·CH 
1.31 SENSITIVE FINE GRAINED Ol·CH 
1.95 SILTY CLAY TO CLAY Cl·CH 
3.10 SILTY CLAY TO CLAY CL-CH 
2.97 SILTY CLAY TO CLAY CL·CH 
1.73 CLAYEY SILT TO SILTY CLAY MH·CL 
3.13 SILTY CLAY TO CLAY CL·CH 
1.92 CLAYEY SILT TO SILTY CLAY MH·Cl 
1.42 CLAYEY SILT TO SILTY CLAY MH·CL 
1.22 CLAYEY SILT TO SILTY CLAY MH·CL 

.95 CLAYEY SILT TO SILTY CLAY MH·CL 
1.35 CLAYEY SILT TO SILTY CLAY MH·CL 
2.47 SILTY CLAY TO CLAY CL·CH 
1.27 SENSITIVE FINE GRAINED OL·CH 
1.70 SILTY CLAY TO CLAY CL·CH 
1.86 SILTY CLAY TO CLAY CL·CH 
.01 SENSITIVE FINE GRAINED OL·CH 

1.99 SILTY CLAY TO CLAY CL·CH 
1.48 CLAYEY SILT TO SILTY CLAY MH·CL 
1.19 SENSITIVE FINE GRAINED OL·CH 
1.77 CLAYEY SILT TO SILTY CLAY MH·CL 
1.36 CLAYEY SILT TO SILTY CLAY MH·CL 
2.75 CLAYEY SILT TO SILTY CLAY MH-CL 
1.30 CLAYEY SILT TO SILTY CLAY MH·Cl 
2.10 CLAYEY SILT TO SILTY CLAY MH·CL 
1.83 SILTY CLAY TO CLAY CL·CH 
1.30 SENSITIVE FINE GRAINED OL·CH 
1.37 SENSITIVE FINE GRAINED OL·CH 
1.41 SENSITIVE FINE GRAINED OL·CH 

.99 CLAYEY SILT TO SILTY CLAY MH·CL 

.90 SENSITIVE FINE GRAINED Ol·CH 
1.18 SENSITIVE FINE GRAINED OL·CH 
1.44 CLAYEY SILT TO SILTY CLAY MH·CL 

.97 SENSITIVE FINE GRAINED Ol·CH 

.02 SENSITIVE FINE GRAINED Ol·CH 

.00 SILTY SAND TO SANDY SILT SM·ML 

.00 SILTY SAii) TO SANDY SILT SM·Mlo 

.03 SILTY SAND TO SANDY SILT SM-ML 

.43 SANDY SILT TD CLAYEY SILT ML·MH 
.26 2.59 CLAY CH 

CH .42 3.93 CLAY 
1.17 
.oo 

1.37 
1.34 
3.12 

.94 
1.34 

.87 

.84 

1.26 
1.42 

1.92 SANDY SILT TO CLAYEY SILT ML·MH 
.01 SILTY SAND TO SANOY SILT SM·Ml 
• 70 SANO TO SILTY SAND SM-SP 
.26 GRAVELLY SANO TO SAND SW·GW 
.70 SAND SW-SP 
.61 SAND TO SILTY SANO SM·SP 
.67 SAND TO SILTY SAND SM-SP 
.71 SAND TO SILTY SANO SM·SP 

1.29 SILTY SAND TD SANDY SILT SM-ML 
1.94 SANDY SILT TO CLAYEY SILT ML·MH 
2.05 SANDY SILT TO CLAYEY SILT ML·MH 

D37 

.23 

.24 

.33 

.34 

.34 

.40 

.36 

.41 

.42 

.43 

.44 

.45 

.41 

.31 

.42 

.43 

.33 

.45 

.51 

.35 

.53 

.54 

.55 

.56 

.57 

.51 

.39 

.40 

.40 

.61 

.41 

.42 

.64 

.43 

.44 

.81 

.82 

.84 

.77 

.62 

.63 

.80 

.89 

.98 
1.08 
1.09 

1.02 
1.03 
1.04 

.97 

.89 

.90 

3 
3 
4 
6 
6 

5 
7 

5 
3 
5 
4 

4 
4 

3 
4 

3 
3 
4 

3 

3 

4 

4 

6 
4 

4 

4 

2 

2 
2 
3 

3 

2 

3 
2 
2 
9 
9 
7 

3 
4 

5 
11 
7 

23 
41 
42 
18 
23 

14 
10 
12 
13 

0.692 
0.637 
0.633 
1.016 
1.089 
1.087 
1.159 
1.158 
0.812 
1.208 
0.873 
0.864 
0.753 
0.651 
0.681 
0.540 
0.686 
0.732 
0.782 
0.667 
1.041 

0.919 
1.462 
0.939 
0.831 
0.685 
0.560 
0.524 
0.524 
0.812 
0.666 
0.470 
0.754 
0.470 
0.574 

1.016 
0.479 
0.511 
3.093 

3.290 
3.515 

19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 

19.5 
19.5 
19.5 
19.5 

19.5 
19.5 

51 
53 
45 
20 

54 
43 
87 

100+ 
100+ 
79 
86 
69 
50 
53 
55 

35 
35 
34 
31 

36 
34 
41 
46 
44 
40 
41 
39 
35 
35 
36 
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.18 

.18 

.16 

.11 

.19 

.15 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.48 
• 18 
.18 

.19 
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18.20 79.25 , .73 2.19 SAHOY SILT TO CLAYEY SILT ML·MH 
18.40 86.91 1.52 1.75 SANDY SILT TO CLAYEY SILT Ml·MH 
18.60 95.16 2.07 2.17 SANDY SILT TO CLAYEY SILT ML·MH 
18.80 92.44 2.18 2.36 SANDY SILT TO CLAYEY SILT ML·MH 
19.00 84.61 1.66 1 .96 SANDY SILT TO CLAYEY SILT ML·MH 
19.20 n.02 1.27 1.65 SANDY SILT TO CLAYEY SILT ML·MH 
19.40 79.07 1.44 1.82 SANDY SILT TO CLAYEY SILT ML·MH 
19.60 86.55 1.88 2.18 SANDY SILT TO CLAYEY SILT Ml·MH 
19.80 91.76 2.00 2.18 SANDY SILT TO CLAYEY SILT ML·MH 
20.00 68.87 .70 1.02 SILTY SAND TO SANDY SILT SM·ML 
20.20 65.35 1.11 1. 70 SANDY SILT TO CLAYEY SILT ML·MH 

Notes: 

1. Default values of submerged unit weight and cone factor are used. 
2. Relative density is estimated based on Schmertmam (1978). 
3. · Friction angle is estimated based on Schmertmam (1978). 

D38 

.91 15 

.92 16 

.93 18 

.94 17 

.95 16 

.96 14 

.97 15 

.98 16 

.99 17 
1.10 10 
1.01 12 

Page 3 

4.017 19.5 60 36 .22 
4.410 19.5 62 37 .25 
4.832 19.5 64 37 .29 
4.692 19.5 63 37 .27 
4.290 19.5 61 37 .23 
3.901 19.5 57 36 .20 
4.005 19.5 58 36 .21 
4.388 19.5 61 37 .23 
4.655 19.5 62 37 .25 

49 35 .17 

3.299 19.5 49 35 .17 
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McCLELLAND COHSULTANTS (Southwest), INC. 
LANO CONE TEST DATA INTERPRETATION PROGRAM 

PROJECT NO. : 0601-0312 
SORING NO. : 10 
CONE NO. : 10 

. DATE : 03/08/90 

POINT SLEEVE FRIC. 
DEPTH 
(FT) 

RESIST. FRICTIOH RATIO SOIL BEHAVIOR TYPES 

.20 

.40 

.60 

.80 
1.00 
1.20 
1.40 
1.60 
1.80 
2.00 
2.20 
2.40 
2.60 
2.80 
3.00 
3.20 
3.40 
3.60 
3.80 
4.00 
4.20 
4.40 
4.60 
4.80 
5.00 
5.20 
5.40 
5.60 
5.80 
6.00 
6.20 
6.40 
6.60 
6.80 
7.00 
7.20 
7.40 
7.60 

(KSF) (KSF) (%) 

32. 18 
29.45 
22.60 
65.03 
92.10 
70.19 
25.00 
22.25 
18.91 
15.58 
20.03 
19.51 
17. 12 
43.10 
35.60 
35.n 
47.23 
23.63 
14.39 
15.74 
16.78 
24.33 
15.92 
17.46 
17.14 
41.70 
50.32 
52.89 
56.47 
37.35 
25.35 
23.44 
22.95 
15.75 
14.73 
9.94 
7.20 
6.50 

.69 

.47 

.51 

.97 
1.46 
1.36 

.38 

.20 

.36 

.32 

.53 

.30 

.26 

.94 
1.09 

.88 

.27 

.43 

.24 

.25 

.25 

.06 

.18 

.22 

.20 

.73 
1.31 
1.38 
1.03 
.15 
.40 
.25 
.12 
.22 
.16 
.08 
.08 
.04 

2.15 CLAYEY SILT TO SILTY CLAY MH-CL 
1.61 SANDY SILT TO CLAYEY SILT ML·MH 
2.24 CLAYEY SILT TO SILTY CLAY MH-CL 
1.49 SANDY SILT TO CLAYEY SILT ML-MH 
1.59 SILTY SAND TO SANDY SILT SM·Ml 
1.94 SANDY SILT TO CLAYEY SILT ML·MH 
1.53 CLAYEY SILT TO SILTY CLAY MH·CL 

.88 SANDY SILT TO CLAYEY SILT ML·MH 
1.89 CLAYEY SILT TO SILTY CLAY MH-CL 
2.03 SILTY CLAY TO CLAY CL-CH 
2.63 SILTY CLAY TO CLAY CL-CH 
1.52 CLAYEY SILT TO SILTY CLAY MH-CL 
1.52 CLAYEY SILT TO SILTY CLAY MH·CL 
2.18 SANDY SILT TO CLAYEY SILT ML·MH 
3.05 CLAYEY SILT TO SILTY CLAY MH·CL 
2.46 CLAYEY SILT TO SILTY CLAY MH-CL 

.57 SILTY SAND TO SANDY SILT SM-ML 
1.83 CLAYEY SILT TO SILTY CLAY MH·CL 
1.67 CLAYEY SILT TO SILTY CLAY MH-CL 
1.56 CLAYEY SILT TO SILTY CLAY MH·CL 
1.50 CLAYEY SILT TO SILTY CLAY MH·CL 

.26 SANDY SILT TO CLAYEY SILT ML-MH 
1.10 CLAYEY SILT TO SILTY CLAY MH·Cl...; 
1.29 CLAYEY SILT TO SILTY CLAY MH-CL 
1.17 CLAYEY SILT TO SILTY CLAY MH·CL 
1.76 SANDY SILT TO CLAYEY SILT Mt-MH 
2.61 CLAYEY SILT TO SILTY CLAY MH·CL 
2.61 SANDY SILT TO CLAYEY SILT ML·MH 
1.83 SANDY SILT TO CLAYEY SILT ML·MH 
.40 SANDY SILT TO CLAYEY SILT ML·MH 

1.59 CLAYEY SILT TO SILTY CLAY MH·CL 
1.06 SANDY SILT TO CLAYEY SILT ML·MH 

.53 SANDY SILT TO CLAYEY SILT ML·MH 
1.38 CLAYEY SILT TO SILTY CLAY MH·CL 
1.06 SENSITIVE FINE GRAINED Ol·CH 

.78 SENSITIVE FINE GRAINED OL·CH 
1.16 SENSITIVE FINE GRAINED OL-CH 
.63 SENSITIVE FINE GRAINED OL-CH 

EFF. V. EQUIV. UNO. SHEAR CONE RELATIVE FRICTION STRESS 
STRESS "N" STRENGTH FACTOR DENSITY ANGLE RATIO 
(KSF) (KSF) (%) 

.01 

.02 

.03 

.04 

.05 

.06 

.06 

.08 

.08 

.08 

.09 

.11 

.12 

.14 

.14 

.14 

.19 

.16 
• 17 
.18 
.19 
.22 
.21 
.22 
.22 
.26 
.24 
.28 
.29 
.30 
.28 
.32 
.33 
.31 
.21 
.22 
.22 
.23 

7 

5 
5 

12 
14 
13 
5 
4 
4 

4 

6 
4 
4 

8 
8 

8 
7 
5 
3 
3 
4 

4 
3 
4 
4 

7 
12 
10 
10 
7 
6 
4 

4 

3 
3 
2 , 
1 

1.650 
1.509 
1.157 
3.333 

3.596 
1.279 
1.137 
0.966 
0.795 
1.023 
0.995 
o.8n 
2.203 
1.818 
1.827 

1.204 
o.n9 
0.798 
0.851 
1.236 
0.806 

0.884 
0.868 
2.125 
2.568 
2.698 
2.881 
1.900 

1.286 
1.186 
1.160 
0.792 
0.745 
0.498 
0.358 
0.322 

19.5 
19.5 
19.5 
19.5 

19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 

19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 

71 

100+ 
100+ 
100+ 

62 

71 

71 

54 

64 

69 
70 
60 

47 
46 

38 

42 
42 
42 

37 

38 

38 

36 

37 

38 
38 

37 

35 
34 

.50+ 

.50+ 

.SO+ 

.50+ 

.SO+ 

.50+ 

.50+ 

.18 

.35 

.SO+ 

.50+ 

.23 

.15 

.15 

039 
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7.80 
8.00 
8.20 
8.40 
8.60 
8.80 
9.00 
9.20 
9.40 
9.60 
9.80 

10.00 
10.20 
10.40 
10.60 
10.80 
11.00 
11.20 
11.40 
11.60 
11.80 
12.00 

12.20 

12.40 
12.60 
12.80 
13.00 
13.20 
13.40 
13.60 
13.80 
14.00 
14.20 

14.40 
14.60 

14.80 

15.00 
15.20 
15.40 
15.60 
15.80 
16.00 

Notes: 

5.14 
6. 16 

11.95 

19.84 
22.93 
27.38 
32.69 
28.43 
30.46 
15.77 
12.32 
25.62 
31.22 
29.84 
32.50 
37.29 
38.79 
37.66 
40.72 
29.77 
33.90 
29.62 
28.76 
22.59 
40.38 

45.49 
38.39 
45.49 
38.19 
43.06 
41.85 
39.38 
39.02 
32.30 
29.76 
62.24 

121.65 
96.20 

161.39 
222.40 
277.63 
460.37 

.09 

.10 

.45 

.35 

.45 
1.03 

.88 

.46 

.64 

.34 

.43 
1.20 
1.00 

.87 

.84 

.97 

.65 
1.19 
1. 14 
1.11 
1.48 
1.11 
1.37 

.98 
1.58 

1.24 

1.00 

1.09 
1.30 
1.09 
1.47 
.64 
.27 

1.14 

.67 
2.24 

.92 

.77 
1.74 

1.96 

2.34 
2.55 

1.66 SENSITIVE FINE GRAINED Ol-CH 
1.63 SENSITIVE FINE GRAINED Ol-CH 
3.75 CLAY CH 
1.78 CLAYEY SILT TO SILTY CLAY MH·CL 
1.94 CLAYEY SILT TO SILTY CLAY MH-CL 
3.76 SILTY CLAY TO CLAY CL-CH 
2.70 CLAYEY SILT TO SILTY CLAY MH-CL 
1.63 CLAYEY SILT TO SILTY CLAY MH·CL 
2.11 CLAYEY SILT TO SILTY CLAY MH-CL 
2.14 SILTY CLAY TO CLAY CL·CH 
3.47 CLAY CH 
4.70 CLAY CH 
3.20 SILTY CLAY TO CLAY Cl·CH 
2.91 CLAYEY SILT TO SILTY CLAY MH-CL 
2.58 CLAYEY SILT TO SILTY CLAY MH·CL 
2.61 CLAYEY SILT TO SILTY CLAY MH·CL 
1.68 SANDY SILT TO CLAYEY SILT ML·MH 
3.17 CLAYEY SILT TO SILTY CLAY MH-CL 
2.79 CLAYEY SILT TO SILTY CLAY MH·CL 
3.71 SILTY CLAY TO CLAY Cl-CH 
4.37 CLAY CH 
3.74 SILTY CLAY TO CLAY CL·CH 
4.77 CLAY CH 
4.32 CLAY CH 
3.90 SILTY CLAY TO CLAY CL-CH 
2.72 CLAYEY SILT TO SILTY CLAY MH·CL 
2.60 CLAYEY SILT TO SILTY CLAY MH-Cl 
2.40 SANDY SILT TO CLAYEY SILT ML-MH 
3.40 SILTY CLAY TO CLAY CL·CH 
2.53 CLAYEY SILT TO SILTY CLAY MH·CL 
3.52 SILTY CLAY TO CLAY CL·CH 
1.62 SANDY SILT TO CLAYEY SILT ML·MH 

.69 SANDY SILT TO CLAYEY SILT ML·MH 
3.54 SILTY CLAY TO CLAY CL·CH 
2.25 CLAYEY SILT TO SILTY CLAY MH·CL 
3.61 CLAYEY SILT TO SILTY CLAY MH·CL 

.76 SAND TO SILTY SANO SM-SP., 

.80 SILTY SAND TO SANDY SILT SH-Ml 
1.08 SANO TO SILTY SANO SM·SP 

.88 SANO TO SILTY SANO SM-SP 

.84 SAND SW·SP 

.55 SANO SW-SP 

1. Default values of submerged ooit weight and cone factor are used. 

2. Relative density is estimated based on Schmertmam (1978). 

3. friction angle is estimated based on Schmertmam (1978). 

D40 

.23 

.24 

.33 

.38 

.39 

.35 

.40 

.41 

.42 

.38 

.39 

.40 

.41 

.47 

.48 

.49 

.55 

.50 

.51 

.46 

.47 

.48 

.49 

.50 

.50 

.58 

.58 

.66 

.54 

.61 

.55 

.70 

.71 

.58 

.66 

.67 

.90 

.84 

.92 

.94 
1.03 

1.04 

1 

5 
4 
5 
8 

7 
6 
7 
5 
5 

12 
9 
7 
7 

8 
7 
9 

9 

9 
16 
9 

13 
10 
12 
10 
9 

8 
12 
10 
13 
7 
7 

10 
7 

14 
14 
15 
19 
26 
26 
44 

0.252 
0.304 
0.596 
0.998 

1.156 
1.386 
1.656 
1.437 
1.541 
0.789 
0.612 
1.293 
1.580 
1.506 
1.642 

1.887 
1.961 
1.906 
2.062 
1.503 
1. 714 
1.494 

1.450 
1.133 
2.045 
2.303 
1.939 

2.299 
1.931 

2.177 
2.118 
1.984 
1.965 

1.627 
1.492 
3.157 

19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 

48 

48 

43 
42 

73 

67 
82 
93 
99 

100+ 

35 

35 

34 
34 

39 
37 
40 
42 

44 
44 

Page 2 

.16 

.17 

.15 
• 15 

.50+ 

.37 

.50+ 

.50+ 

.50+ 

.50+ 
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McCLELLAND CONSULTANTS (Southwest), INC. 
LAND CONE TEST DATA INTERPRETATION PROGRAM 

PROJECT NO. 
BORING NO. 
CONE NO. 
DATE 

POINT 

: 0601-0312 
: 11 
: 10 
: 03/08/90 

SLEEVE FRIC. 
DEPTH 
(FT) 

RESIST. FRICTION RATIO SOIL BEHAVIOR TYPES 
CKSF) (KSF) CX) 

.20 62.14 

.40 65.05 

.60 6S.39 

.80 70.52 
1.00 73.60 
1.20 85.93 
1.40 105.78 
1.60 114.00 
1.80 116.40 
2.00 123.24 
2.20 124.28 
2.40 1S4.03 
2.60 143.46 
2.80 165.32 
3.00 260.78 
3.20 28S.29 
3.40 401.48 
3.60 315.27 
3.80 28S.94 
4.00 254.38 
4.20 237.91 
4.40 124.72 
4.60 82.56 
4.80 90.70 
5.00 70.53 
5.20 6S.07 
S.40 62.31 
S.60 56.84 
S.80 59.90 
6.00 40.94 
6.20 33.91 
6.40 27.06 
6.60 23.63 
6.80 19.17 
7.00 32.49 
7.20 37.99 
7.40 46.39 
7.60 49.97 

1.47 
, .93 
1.96 
2.13 
2.41 
2.59 
3.43 
3.06 
2.81 
2.2S 
1.83 
2.21 
1.81 
3.14 
4.59 
6.15 
9.54 
7.49 
3.29 
3.68 
3.83 
2.45 
1.59 
1.97 
1.61 
1.52 
1.25 
1.39 
1.18 

.79 

.56 

.79 

.97 

.54 

.71 

.85 
1.06 

.89 

2.37 SANDY SILT TO CLAYEY SILT Ml-MH 
2.97 CLAYEY SILT TO SILTY CLAY MH-CL 
3.00 CLAYEY SILT TO SILTY CLAY MH-CL 
3.02 CLAYEY SILT TO SILTY CLAY MH-CL 
3.27 CLAYEY SILT TO SILTY CLAY MH·CL 
3.02 SANDY SILT TO CLAYEY SILT ML·MH 
3.24 SANDY SILT TO CLAYEY SILT Ml·MH 
2.69 SANDY SILT TO CLAYEY SILT ML·MH 
2.42 SANDY SILT TO CLAYEY SILT Ml·MH 
1.82 SILTY SAND TO SANDY SILT SM-Ml 
1.47 SILTY SAND TO SANDY SILT SM-ML 
1.44 SILTY SANO TO SANDY SILT SM·ML 
1.26 SILTY SAND TO SAHDY SILT SM·ML 
1.90 SILTY SAND TO SANDY SILT SM-ML 
1.76 SILTY SAND TO SANDY SILT SM·ML 
2.15 SILTY SAND TO SANDY SILT SM·Ml 
2.38 SILTY SAND TO SANDY SILT SM·Ml 
2.38 SILTY SAND TO SANDY SILT SM-ML 
1.15 SAND TO SILTY SAND SM-SP 
1.45 SAND TO SILTY SAND SM·SP 
1.61 SAND TO SILTY SAND SM-SP 
1.97 SILTY SAND TO SANDY SILT SM·ML 
1.93 SANDY SILT TO CLAYEY SILT ML·MH 
2.17 SANDY SILT TO CLAYEY SILT ML·MH 
2.29 SANDY SILT TO CLAYEY SILT ML·MH 
2.34 SANDY SILT TO CLAYEY SILT ML·MH 
2.01 SANDY SILT TO CLAYEY SILT Ml·MH 
2.44 SANDY SILT TO CLAYEY SILT ML·MH 
1.97 SANDY SILT TO CLAYEY SILT ML·MH 
1.92 SANDY SILT TO CLAYEY SILT Ml-MH 
1.64 SANDY SILT TO CLAYEY SILT ML-MH 
2.93 CLAYEY SILT TO SILTY CLAY MH-CL 
4.12 CLAY CH 

2.82 SILTY CLAY TO CLAY Cl·CH 
2.19 CLAYEY SILT TO SILTY CLAY MH-Cl 
2.23 CLAYEY SILT TO SILTY CLAY MH-CL 
2.29 SANDY SILT TO CLAYEY SILT Ml·MH 
1.77 SANDY SILT TO CLAYEY SILT ML·MH 

041 

EFF. V. EQUIV. UHD. SHEAR CONE RELATIVE FRICTION STRESS 
STRESS "N" STRENGTH FACTOR DENSITY ANGLE RATIO 

(KSF) (KSF) CX) 

.01 11 

.oz 15 

.03 15 

.04 16 

.05 17 

.06 16 

.07 20 

.08 21 

.09 22 

.11 19 

.12 19 

.13 24 

.14 22 

.15 26 

.17 41 

.18 45 

.19 64 

.20 50 

.23 34 

.24 30 

.2S 28 

.24 19 

.23 15 

.24 17 

.25 13 

.26 12 

.27 11 

.28 10 

.29 11 

.30 7 

.31 6 

.29 6 

.26 11 

.27 6 

.31 7 

.32 9 

.37 8 

.38 9 

3.186 
3.33S 
3.352 
3.614 
3.m 
4.404 
5.421 
5.842 
S.96S 

4.222 
4.639 
3.604 
3.324 
3.182 
2.901 
3.057 
2.084 
1.723 
1.373 
1.198 
0.969 
, .650 

1.932 
2.360 
2.543 

19.5 
19.5 
19.S 
19.5 
19.5 
19.S 

19.S 
19.5 
19.S 

19.5 
19.5 
19.5 
19.5 
19.S 
19.5 
19.S 
19.5 
19.5 
19.S 
19.S 
19.5 
19.5 
19.5 
19.S 
19.5 

100+ 

100+ 
100+ 
100+ 
100+ 
100+ 
100+ 
100+ 
100+ 
100+ 
100+ 
100+ 
100+ 
100+ 
100+ 
100+ 
100+ 

100+ 
87 
90 
80 
76 
74 
71 

72 
62 

S7 

62 
63 

42 

42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
40 
41 
39 
39 
38 
38 
38 
37 
36 

37 
37 

.50+ 

.50+ 

.SO+ 

.SO+ 

.SO+ 

.50+ 

.50+ 

.50+ 

.SO+ 

.SO+ 

.50+ 

.SO+ 

.50+ 

.SO+ 

.SO+ 

.SO+ 

.50+ 

.50+ 

.50+ 

.50+ 

.SO+ 

.50+ 

.50+ 

.50+ 

.50+ 

.26 

.20 

.25 

.28 
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7.80 
8.00 
8.20 
8.40 
8.60 
8.80 
9.00 
9.20 
9.40 
9.60 
9.80 

10.00 
10.20 
10.40 
10.60 
10.80 
11.00 
11.20 
11.40 
11.60 
11.80 
12.00 
12.20 
12.40 
12.60 

12.80 
13.00 
13.20 
13.40 
13.60 
13.80 
14.00 
14.20 
14.40 
14.60 

52.38 
46.22 

148.97 
54.26 

189.24 
114.52 
257.71 
281.44 

63.46 
54.12 

170.90 
54.78 
47.25 
47.76 
42.47 

141.99 
92.84 
75.67 
57.85 
30.96 
44.40 
72.18 
83.86 
74.58 
86.64 

89.59 
78.44 
73.61 

210.63 
114.86 
168.77 
429.35 
341.8S 
241.30 
65.45 

14.80 188.12 
15.00 82.70 
15.20 

15.40 
15.60 
15.80 
16.00 
16.20 
16.40 

16.60 
16.80 
17.00 
17.20 
17.40 

17.60 

17.80 
18.00 

56.14 
225.62 
217.22 
122.20 
56.37 
34.30 
32.16 

31.34 
14.80 
9.2S 

77.98 
27.49 
16.51 

103.79 
93.42 

Wednesday, March 14, 1990 

1.30 
1.01 

.84 
1.24 
3.99 
2.86 

1.03 
5.03 

.86 

.59 
2.30 
1.86 

1.00 
.88 
.95 

2.78 
2.98 
1.53 

.58 

.84 

.3S 

.97 
1.31 
1.06 
1.89 
1.77 
1.81 
1.86 

4.57 
2.20 
2.28 
8.28 
9.06 
9.00 
2.26 

2.48 SANDY SILT TO CLAYEY SILT ML·MH 
2.18 SANDY SILT TO CLAYEY SILT ML·MH 

.56 SAND TO SILTY SAND SM·SP 
2.28 SANDY SILT TO CLAYEY SILT ML·MH 
2.11 SILTY SAND TO SANDY SILT SM·ML 
2.49 SANDY SILT TO CLAYEY SILT ML·MH 

.40 SAND SW·SP 
1.79 SILTY SAND TO SANDY SILT SM·ML 
1.36 SANDY SILT TO CLAYEY SILT ML·MH 
1.09 SANDY SILT TO CLAYEY SILT ML·MH 
1.35 SILTY SAND TO SANDY SILT SM·ML 
3.40 CLAYEY SILT TO SILTY CLAY MK·CL 
2.12 SANDY SILT TO CLAYEY SILT ML·MH 
1.84 SANDY SILT TO CLAYEY SILT ML-MH 
2.24 SANDY SILT TO CLAYEY SILT ML·MH 
1.96 SILTY SAND TO SANDY SILT SM·Ml 
3.21 CLAYEY SILT TO SILTY CLAY MH·CL 
2.02 SANDY SILT TO CLAYEY SILT ML-MH 
1.00 SILTY SAND TO SANDY SILT SM·ML 
2.71 CLAYEY SILT TO SILTY CLAY MH·CL 

.79 SANDY SILT TO CLAYEY SILT ML·MH 
1.35 SILTY SANO TO SANDY SILT SM·ML 
1.56 SILTY SANO TO SANDY SILT SM·Ml 
1.42 SILTY SANO TO SANDY SILT SM-ML 
2.19 SANDY SILT TO CLAYEY SILT ML·MH 
1.98 SANDY SILT TO CLAYEY SILT ML·MH 
2.30 SANDY SILT TO CLAYEY SILT ML-MH 
2.S3 SANDY SILT TO CLAYEY SILT ML·MH 
2.17 SILTY SANO TO SANDY SILT SM·ML 
1.92 SILTY SAND TO SANDY SILT SM·ML 
1.3S SILTY SAND TO SANDY SILT SM·ML 
1.93 SAND TO SILTY SANO SM·SP 
2.65 SILTY SAND TO SANDY SILT SM-ML 
3.73 SANDY SILT TO CLAYEY SILT ML·MH 
3.46 CLAYEY SILT TO SILTY CLAY MH·Cl 

2.38 1.26 SAND TO SILTY SANO SM·SP 
SM-SP .36 .44 SAND TO SILTY SAND 

.34 
2.00 
1.32 
1.3S 
.27 
.00 
.09 
.28 
.12 
.24 
.21 
.00 
.02 
.00 
.oo 

.61 SILTY SANO TO SANDY SILT SM-ML 

.89 SANO TO SILTY SAND SM·SP 

.61 SANO SW·SP 
1.11 SILTY SAND TO SANDY SILT SM·ML 

.47 SILTY SAND TO SANDY SILT SM·ML 

.00 SILTY SAND TO SANDY SILT SM·ML 

.27 SANDY SILT TO CLAYEY SILT Ml·MH 

.89 SANDY SILT TO CLAYEY SILT ML·MH 

.80 SENSITIVE FINE GRAINED OL·CH 
2.S6 CLAY CH 

.26 SAND TO SILTY SANO SM·SP 

.00 SANDY SILT TO CLAYEY SILT ML·MH 

.09 SENSITIVE FINE GRAINED Ol·CH 

.DO SAND TO SILTY SAND SM·SP 

.00 SANO TO SILTY SAND SM-SP 

D42 

.39 

.40 

.49 

.42 

.47 

.44 

.S8 

.51 

.47 

.48 

.54 

.45 

.51 

.S2 

.53 

.59 

.49 

.56 

.63 

.52 

.S9 

.66 

.67 

.68 

.63 

.64 

.65 

.66 

.74 

.75 

.76 

.84 

.78 

.72 

.66 

10 
8 

17 
10 
30 
21 
24 
44 

12 
10 
27 
13 

9 

9 

8 
22 
22 
14 
9 
7 

8 

11 
13 

11 

16 
17 
1S 
14 
33 
18 
26 
S1 
S4 

46 
15 

.89 22 

.90 9 

.84 

.92 
1.01 

.87 

.88 

.89 

.82 

.83 

.50 

.68 
1.03 

.87 

.53 
1.07 
1.08 

8 

27 
20 
19 
8 
5 

6 
6 

3 
4 

9 
5 

3 

12 
11 

2.666 
2.350 

2.761 

5.8SO 

3.230 
2.751 

2.786 
2.397 
2.423 
2.1S1 

4.736 
3.852 

1.561 
2.247 

4.411 
4.562 
3.989 
3.741 

12.337 
3.323 

1.607 

t.56S 
0.733 
0.439 

1.36S 
0.819 

19.5 
19.5 

19.5 

19.5 

19.5 
19.5 

19.5 
19.S 
19.S 
19.5 

19.5 
19.5 

19.5 
19.5 

19.5 
19.S 
19.S 
19.5 

19.5 
19.5 

19.S 
19.5 
19.5 
19.5 

19.S 
19.5 

64 

61 
94 
64 

100+ 
86 

100+ 
100+ 
66 

62 
97 

S7 

57 
52 
87 

68 

S9 

51 
63 
67 

64 

69 
70 
66 

64 

97 

75 
88 

100+ 
100+ 
100+ 

88 
61 
49 
94 
90 
74 

48 
31 
31 
30 

55 
2S 

64 

61 

37 
37 

42 
37 

42 
40 
44 
42 

37 
37 
42 

. 36 
36 
3S 
40 

38 
36 

35 
37 
37 
37 
38 
38 
37 
37 
42 
39 
40 
42 
42 
42 

41 
38 
35 
42 
43 
38 
3S 
32 
32 
32 

37 
32 

38 
38 
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.30 

.23 

.SO+ 

.29 

.SO+ 

.50+ 

.50+ 

.50+ 

.35 

.24 

.50+ 

.19 

.19 

.18 

.50+ 

.41 

.21 

.17 

.27 

.38 

.28 

.49 

.SO+ 

.34 

.28 

.SO+ 

.50+ 

.SO+ 

.50+ 

.SO+ 

.SO+ 

.SO+ 

.24 

.17 

.SO+ 

.50+ 

.SO+ 

.17 

.13 

.13 

.13 

.20 

.12 

.29 

.23 
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18.20 102.61 .40 .39 SAND TO SILTY SAND SM·SP 1.09 12 63 38 .27 
18.40 98.59 .76 .n SAND TO SILTY SAND SM·SP 1.10 11 62 38 .25 
18.60 156.33 1.90 1.21 SAND TO SILTY SAND SM·SP 1.12 18 n 40 .50+ 
18.80 116.40 .07 .06 SAND TO SILTY SAND SM·SP 1.13 13 66 39 .35 

19.00 23S.11 1.10 .47 SAND SV·SP 1.23 22 88 43 .SO+ 

19.20 297.60 1.28 .43 SAND SW-SP 1.25 28 96 44 .50+ 

19.40 132.14 1.22 .92 SAND TO SILTY SAND SM·SP 1.16 15 69 39 .48 
19.60 295.95 .58 .19 SAND SV·SP 1.27 28 95 44 .SO+ 

19.80 367.14 .75 .20 SAND S\1-SP 1.29 35 100+ 44 .50+ 

20.00 389.25 1.31 .34 SAND SV·SP 1.30 37 100+ 44 .SO+ 

20.20 360.95 2.27 .63 SAND SV-SP 1.31 34 100+ 44 .50+ 

20.40 200.75 1.44 .72 SAND TO SILTY SAND SM·SP 1.22 24 83 40 .50+ 

20.60 173.26 1.39 .80 SAND TO SILTY SAND SM·SP 1.24 20 78 40 .50+ 

20.80 236.S2 3.34 1.41 SAND TO SILTY SAND SM·SP 1.25 28 87 41 .SO+ 

21.00 267.68 1.74 .65 SAND SV-SP 1.37 25 90 43 .50+ 

21.20 348.68 1.02 .29 SAND S\1-SP 1.38 33 100+ 44 .50+ 

21.40 351.59 .01 .00 SAND S\1-SP 1.39 33 100+ 44 .50+ 

21.60 276.86 1.70 .61 SAND SV·SP 1.40 26 90 43 .SO+ 

21.80 236.12 1.02 .43 SAND SV·SP 1.42 22 85 43 .50+ 
22.00 198.67 1. 71 .86 SAND TO SILTY SAND SM-SP 1.32 23 81 40 .50+ 

22.20 162.94 2.74 1.68 SILTY SAND TO SANDY SILT SM·ML 1.22 26 76 39 .SO+ 

22.40 188.54 2.43 1 .29 SAND TO SILTY SAND SM·SP 1.34 22 79 40 .50+ 

22.60 245.47 2.85 1.16 SAND TO SILTY SAND SM-SP 1.36 29 87 41 .SO+ 

22.80 308.83 2.84 .92 SANO SV·SP 1.48 29 93 44 .SO+ 

23.00 381.97 1.41 .37 SAND SW-SP 1.50 36 100+ 44 .50+ 
23.20 398.76 2.38 .60 SAND SW-SP 1.S1 38 100+ 44 .50+ 

Notes: 

1. Default values of submerged unit weight and cone factor are used. 
2. Relative density is estimated based on SChmertmann (1978). 
3. Friction angle is estimated based on Schmertmann C1978). 
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McCLELLAND CONSULTANTS (Southwest), INC. 
LANO CONE TEST DATA INTERPRETATION PROGRAM 

PROJECT NO. 
BORING NO. 
CONE NO. 
DATE 

: 0601·0312 
: 12 
: 10 
: 03/08/90 

Wednesday, March 14, 1990 Page 1 

POINT SLEEVE FRIC. EFF. V. EQUIV. UNO. SHEAR CONE RELATIVE FRICTION STRESS 

DEPTH RESIST. FRICTION RATIO SOIL BEHAVIOR TYPES 
CFT> CKSF) (KSF} (X) 

.20 

.40 

.60 

.80 
1.00 
1.20 
1.40 
1.60 
1.80 
2.00 
2.20 
2.40 
2.60 
2.80 
3.00 
3.20 
3.40 
3.60 
3.80 
4.00 
4.20 
4.40 
4.60 
4.80 
5.00 
5.20 
5.40 
5.60 
5.80 
6.00 
6.20 
6.40 
6.60 
6.80 
7.00 
7.20 
7.40 
7.60 

40.05 
16.78 
17.80 
22.60 
58.18 
37.15 
34.75 
35.26 
32.35 
30.81 
19.52 
15.41 
18.48 
15.75 
26.69 
18.87 
21.56 
23.62 
22.60 
18.49 
17.46 
14.04 
13.01 
16.77 
18.47 
18.32 
15.75 
20.53 
53.11 
31.93 

21.23 
13.02 
13.69 
11.98 
17.47 
32.44 
18.49 
15.07 

.69 

.oo 

.30 

.23 

.88 

.82 

.65 

.75 

.57 

.15 

.34 

.22 

.33 

.19 

.30 

.11 

.31 

.11 

.32 

.09 

.13 

.20 

.16 

.28 

.31 

.37 

.14 

.oo 

.00 

.37 

.11 

.00 

.10 

.24 

.43 

.53 

.26 

.12 

1.73 SANDY SILT TO CLAYEY SILT ML·MH 
.00 SENSITIVE FINE GRAINED Ol.·CH 

1.66 CLAYEY SILT TO SILTY CLAY HH·CL 
1.01 SANDY SILT TO CLAYEY SILT ML·MH 
1.51 SANDY SILT TO CLAYEY SILT ML·MH 
2.21 CLAYEY SILT TO SILTY CLAY MH·CL 
1.88 SANDY SILT TO CLAYEY SILT ML·MH 
2.13 CLAYEY SILT TO SILTY CLAY MH·CL 
1.77 SANDY SILT TO CLAYEY SILT ML·MH 

.48 SANDY SILT TO CLAYEY SILT ML·MH 
1.73 CLAYEY SILT TO SILTY CLAY MH·CL 
1.41 CLAYEY SILT TO SILTY CLAY MH·CL 
1.79 CLAYEY SILT TO SILTY CLAY MH·CL 
1.19 CLAYEY SILT TO SILTY CLAY MH·CL 
1.13 SANDY SILT TO CLAYEY SILT ML·MH 
.61 SANDY SILT TO CLAYEY SILT ML·MH 

1.42 CLAYEY SILT TO SILTY CLAY MH·CL 
.48 SANDY SILT TO CLAYEY SILT Ml·MH 

1.40 CLAYEY SILT TO SILTY CLAY MH·CL 
.51 SENSITIVE FINE GRAINED OL·CH 
.76 SENSITIVE FINE GRAINED OL·CH 

1.44 CLAYEY SILT TO SILTY CLAY MH·CL 
1.20 SENSITIVE FINE GRAINED OL-C~ 

1.70 CLAYEY SILT TO SILTY CLAY MH·CL 
1.70 CLAYEY SILT TO SILTY CLAY Mff·CL 
2.00 CLAYEY SILT TO SILTY CLAY MH·CL 

.86 SENSITIVE FINE GRAINED Ol·CH 

.00 SENSITIVE FINE GRAINED OL·CH 

.00 SILTY SAND TO SANDY SILT SM-ML 
1.15 SANDY SILT TO CLAYEY SILT ML·MH 

.54 SANDY SILT TO CLAYEY SILT ML·MH 

.00 SENSITIVE FINE GRAINED OL·CH 

.70 SENSITIVE FINE GRAINED OL·CH 
1.99 SILTY CLAY TO CLAY CL·CH 
2.47 SILTY CLAY TO CLAY CL·CH 
1.64 SANDY SILT TO CLAYEY SILT ML·MH 
1.42 CLAYEY SILT TO SILTY CLAY MH·CL 
.82 SENSITIVE FINE GRAINED OL·CH 
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STRESS "N" 
(ICSF) 

.01 

.01 

.03 

.04 

.05 

.05 

.07 

.07 

.09 

.10 

.10 

.11 

.12 

.13 

.15 

.16 

.15 

.18 

.17 

.12 

.13 

.20 

.14 

.22 

.22 

.23 

.16 

.17 

.32 

.30 

.31 

.19 

.20 

.27 

.28 

.36 

.33 

.23 

7 
4 
4 

4 

11 
8 
6 
8 
6 
5 

4 
3 
4 
3 
5 

3 
5 

4 

5 
4 

4 

3 
3 
4 
4 

4 
3 
4 

8 

6 
4 

3 
3 
3 

5 
6 
4 

3 

STRENGTH 
(ICSF) 

2.053 
0.860 

0.911 
, .157 
2.981 
1.903 
1.778 
1.805 
1.654 
1.575 
0.996 
0.785 
0.942 
0.801 

1.361 
0.959 
1.098 

1.202 
1.150 
0.942 
0.889 
0.710 
0.660 
0.849 
0.936 
0.928 
0.799 

1.044 

1.622 
1.073 

0.658 
0.692 
0.601 
0.882 
1.645 
0.931 
0.761 

FACTOR DENSITY ANGLE 
(%) 

19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 

19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 

19.5 
19.5 

79 

64 
92 

71 

68 
66 

61 
53 

56 

67 
56 
45 

53 

39 

37 

41 

38 

38 
37 

37 
35 

36 

37 

36 
34 

35 

RATIO 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.30 

.18 

.20 

.47 

.19 

.15 

• 18 
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7.80 
8.00 
8.20 
8.40 

8.60 
8.80 

9.00 
9.20 
9.40 

9.60 

9.80 
10.00 
10.20 
10.40 
10.60 
10.80 

11.00 
11.20 
a.4o 
11.60 
11.80 

12.00 
12.20 
12.40 

12.60 
12.80 
13.00 
13.20 
13.40 
13.60 
13.80 
14.00 
14.20 
14.40 
14.60 

14.80 

15.00 
15.20 
15.40 
15.60 

15.80 
16.00 
16.20 
16.40 
16.60 
16.80 

17.00 

17.20 
17.40 

17.60 
17.80 
18.00 

12.67 
18.79 
22.59 
21 .91 
16.77 

17.28 
11.64 
11.90 

13.06 
15.05 
11.30 
14.01 
24.95 
22.93 
15.07 
15.40 
16.61 
17.45 
25.64 

33.85 
35.64 
38.66 
54.35 
56.15 
61.42 
SZ.75 
72.60 

87.58 
72.67 
78.02 
SZ.31 
97.61 

179.29 
134.43 
67.49 

73.21 
62.43 
56.46 

194.62 
410.73 
203.66 
39.79 
97.56 

128.13 
102.26 
80.20 

174.28 

221.14 
214.19 

183.18 
228.33 
272.79 

.10 

.29 

.62 

.53 

.18 

.15 

.oo 
• 19 
.21 
.06 
.07 
.14 
.27 
• 11 
.08 
.22 
.13 
.45 
.68 
.80 

1.45 
.96 

1.98 
1.76 
1.52 
2.01 
1.31 
2.00 
1.52 
1.55 
2.19 
2.55 
1.93 
1.19 

.90 

.83 

.91 

.44 
1.74 
2.30 

.21 

.32 

.oo 

.oo 

.05 

.14 

.77 

.88 

.29 

.45 

.00 

.41 

Wednesday, March 14, 1990 

.80 SENSITIVE FINE GRAINED OL·CH 
t.53 CLAYEY SILT TO SILTY CLAY MH·CL 
2.73 SILTY CLAY TO CLAY CL·CH 
2.42 CLAYEY SILT TO SILTY CLAY MH·CL 
1.04 CLAYEY SILT TO SILTY CLAY MH·CL 
.87 CLAYEY SILT TO SILTY CLAY MH·CL 
.01 SENSITIVE FINE GRAINED Ol·Cfl 

1.60 SILTY CLAY TO CLAY CL·Cll 

1.62 SILTY CLAY TO CLAY CL·Ctl 
.43 SENSITIVE FINE GRAINED Ol·CH 
.60 SENSITIVE FINE GRAINED Ol.·CH 

1.00 SENSITIVE FINE GRAINED OL·CH 
1.10 SANDY SILT TO CLAYEY SILT ML·MH 

.47 SANDY SILT TO CLAYEY SILT Ml·MH 

.55 SENSITIVE FINE GRAINED OL·CH 
1.43 CLAYEY SILT TO SILTY CLAY MH·CL 

.78 SENSITIVE FINE GRAINED OL·CH 
2.56 SILTY CLAY TO CLAY CL·CH 
2.66 CLAYEY SILT TO SILTY CLAY MH·CL 
2.36 CLAYEY SILT TO SILTY CLAY MH·CL 
4.07 SILTY CLAY TO CLAY CL·CH 
2.49 CLAYEY SILT TO SILTY CLAY MH·CL 
3.64 CLAYEY SILT TO SILTY CLAY MH·CL 
3.14 CLAYEY SILT TO SILTY CLAY MH·CL 
2.47 SANDY SILT TO CLAYEY SILT ML·MH 
2.43 SANDY SILT TO CLAYEY SILT ML·MH 
1.80 SANDY SILT TO CLAYEY SILT ML·MH 
2.29 SANDY SILT TO CLAYEY SILT ML·MH 
2.09 SANDY SILT TO CLAYEY SILT ML·MH 
1.98 SANDY SILT TO CLAYEY SILT ML·MH 
2.66 SANDY SILT TO CLAYEY SILT ML·MH 
2.61 SANDY SILT TO CLAYEY SILT ML·MH 
1.07 SAND TO SILTY SAND SM·SP 

.88 SAND TO SILTY SAND SM·SP 
1.33 SILTY SAND TO SANDY SILT SM·Ml 
1.13 SILTY SAND TO SANDY SILT SM·ML 
1.46 SANDY SILT TO CLAYEY SILT ML·Mll. 
.78 SILTY SAND TO SANDY SILT SM·ML 
.90 SAND TO SILTY SAND SM·SP 
.56 SANO S\l·SP 
• 10 SAND S\l·SP 
.79 SANDY SILT TO CLAYEY SILT ML·MH 
.00 SAND TO SILTY SANO SM-SP 
.00 SAND TO SILTY SAND SM·SP 
.04 SAND TO SILTY SAND SM·SP 
.18 SAND TO SILTY SAND SM·SP 
.44 SAND TO SILTY SAND SM·SP 
• 40 SAND S\I· SP 
.14 SANO 
.25 SAND 
.00 SAND 
.15 SAND 

S\l·SP 
S\l·SP 
S\l·SP 
SW·SP 

045 

.23 

.36 

.33 

.38 

.39 

.40 

.27 

.37 

.38 

.29 

.29 

.30 

.51 

.52 

.32 

.49 

.33 

.45 

.51 

.52 

.47 

.54 

.55 

.56 

.63 

.64 

.65 

.66 

.67 

.68 

.69 

.70 

.85 

.86 

.80 

.81 

.75 

.84 

.92 
1.01 
1.03 

.80 

.97 

.98 
1.00 
1.01 
1.02 

1.12 
1.13 
1.14 
1.16 
1.17 

3 
4 

7 
5 
4 
4 

2 
3 
4 

3 
2 

3 
4 

4 

3 
3 
3 
5 
6 
8 

11 
9 

13 
13 
11 
15 
13 
16 
13 
14 
15 
18 
21 

16 
10 
11 
11 

9 

23 
39 
19 
7 

11 

15 

12 
9 

20 
21 
20 

17 
21 
26 

0.638 

0.945 
1.142 
1.104 

0.840 
0.866 
0.583 
0.591 
0.650 
0.757 
0.565 
0.703 
1.253 
1.149 

0.756 
0.765 
0.835 
0.872 
1.289 
1.709 

1.804 
1.955 
2.759 
2.851 
3.117 
4.211 
3.690 

4.457 

3.692 
3.966 
4.186 

4.970 

3.163 

1.999 

19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 

19.5 

19.5 

38 
34 

60 
68 
64 

69 
63 
65 
66 
71 

87 
78 

57 
60 

56 

49 
88 

100+ 

87 
40 
64 

72 
65 
57 

82 
88 

86 

81 
88 
94 

.33 
33 

37 

38 
37 

38 
37 
37 
37 
38 
41 
40 
36 

36 
36 
35 
41 

44 
43 
34 
38 
39 
39 
38 
40 
43 
43 
43 

43 
44 

Page 2 

.13 

.13 

.22 

.41 

.28 

.46 

.27 

.31 

.34 

.50+ 

.50+ 

.50+ 

.20 

.22 

.20 

.17 

.50+ 

.50+ 

.50+ 

.14 

.29 

.50+ 

.31 

.20 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 
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18.20 247.93 .39 .16 SAND SW·SP 1. 18 23 90 43 .50+ 
18.40 300.85 .98 .33 SAND SV·SP 1.20 28 98 44 .SO+ 
18.60 334.17 2.08 .62 SAND SW·SP 1.21 32 100+ 44 .so+ 
18.80 210.75 1.39 .66 SAND TO SILTY SAND SM·SP 1.13 25 86 41 .50+ 
19.00 231.02 .97 .42 SAND SV·SP 1.23 22 87 43 .SO+ 
19.20 175.37 1.05 .60 SAND TO SILTY SAND SM·SP 1.15 21 80 40 .50+ 
19.40 100.97 .83 .82 SANO TO SILTY SAND SM·SP 1.16 12 61 38 .24 
19.60 93.59 .52 .56 SAND TO SILTY SAND SM·SP 1.18 11 59 38 .22 
19.80 223.35 1.15 .51 SANO SW·SP 1.29 21 85 43 .SO+ 
20.00 314.59 .91 .29 SANO SW·SP t.30 30 97 44 .SO+ 

Notes: 

1. Default values of slbnerged unit weight and cone factor are used. 
2. Relative density is estimated based on Schmertmam (1978). 
3. Friction angle is estimated based on Schmertmam (1978). 
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McCLELLAND CONSULTANTS (Southwest), INC. 
LANO CONE TEST DATA INTERPRETATION PROGRAM 

PROJECT NO. : 0601-0312 
BORING NO. : 13 
CONE NO. : 10 
DATE : 03/08/90 

Wednesday, March 14, 1990 Page 1 

POINT SLEEVE FRIC. EFF. V. EQUIV. UNO. SHEAR CONE RELATIVE FRICTION STRESS 

DEPTH 
(FT) 

RESIST. FRICTION RATIO SOIL BEHAVIOR TYPES 
(KSF) (KSF) <"> 

.20 59.57 

.40 52.38 

.60 49.64 

.80 45. 19 
1.00 36.11 
1.20 55.80 
1.40 64.70 
1.60 99.59 
1.80 155.05 
2.00 146.87 
2.20 168.43 
2.40 203.34 
2.60 237.20 
2.80 308.29 
3.00 328.65 
3.20 252.03 
3.40 152.13 
3.60 113.67 
3.80 104.43 
4.00 106.46 
4.20 117.60 
4.40 110.59 
4.60 100.32 
4.80 100.32 
5.00 79.81 
5.20 70.78 
5.40 70.87 
5.60 67.45 
5.80 53.44 
6.00 38.37 
6.20 33.21 
6.40 45.50 
6.60 69.09 
6.80 79.77 
7.00 91.17 
7.20 
7.40 
7.60 

59.06 
43.49 
38.01 

.84 1.42 SANDY SILT TO CLAYEY SfLT ML-MH 
1.65 3.14 CLAYEY SILT TO SILTY CLAY MH-CL 

.92 1.85 SANDY SILT TO CLAYEY SILT ML·MH 

.85 1.87 SANDY SILT TO CLAYEY SILT ML·MH 

.94 2.61 CLAYEY SILT TO SILTY CLAY MH·CL 
1.44 2.58 SANDY SILT TO CLAYEY SILT ML·MH 
1.99 3.07 CLAYEY SILT TO SILTY CLAY MH-CL 
2.83 2.84 SANDY SILT TO CLAYEY SILT ML-MH 
3.95 2.55 SANDY SILT TO CLAYEY SILT ML·MH 
3.37 2.30 SANDY SILT TO CLAYEY SILT ML·MH 
3.17 1.88 SILTY SAND TO SANDY SILT SM·ML 
4.83 2.37 SILTY SAND TO SANDY SILT SM-ML 
4.73 1.99 SILTY SAND TO SANDY SILT SM·ML 
6.90 2.24 SILTY SAND TO SANDY SILT SM·ML 
6.29 1.91 SILTY SAND TO SANDY SILT SM·ML 
2.84 1.13 SANO TO SILTY SAND SM·SP 
2.46 1.62 SILTY SAND TO SANDY SILT SM·ML 
1.17 1.03 SILTY SANO TO SANDY SILT SM·ML 
2.35 2.25 SANDY SILT TO CLAYEY SILT ML·MH 
2.10 1.97 SANDY SILT TO CLAYEY SILT ML·MH 
1.61 1.37 SILTY SANO TO SANDY SILT SM·Ml 
1.54 1.39 SILTY SAND TO SANDY SILT SM·ML 
1.48 1.48 SILTY SAND TO SANDY SILT SM·ML 
1.44 1.44 SILTY SAND TO SANDY SILT SM·ML 
1.12 1.41 SILTY SAND TO SANDY SILT SM·ML 
1.13 1.60 SANDY SILT TO CLAYEY SILT ML·MH 
1.06 1.50 SANDY SILT TO CLAYEY SILT ML·MH 
1.76 2.61 SANDY SILT TO CLAYEY SILT ML·MH 
1.72 3.21 CLAYEY SILT TO SILTY CLAY MH·CL 
1.24 3.23 CLAYEY SILT TO SILTY CLAY MH·CL 

.97 2.93 CLAYEY SILT TO SILTY CLAY MH·CL 
1.20 2.64 CLAYEY SILT TO SILTY CLAY MH·CL 
1.58 2.28 SANDY SILT TO CLAYEY SILT ML-MH 
1.97 2.47 SANDY SILT TO CLAYEY SILT ML-MH 
2.33 2.55 SANDY SILT TO CLAYEY SILT ML·MH 
2.26 3.82 CLAYEY SILT TO SILTY CLAY MH-CL 
1.95 4.48 CLAY CH 
1.37 3.60 SILTY CLAY TO CLAY CL·CH 

STRESS "N" 
(KSF) 

.01 11 

.02 12 

.03 9 

.04 8 

.OS 8 

.06 10 

.06 15 

.08 19 

.09 29 

.10 28 

.12 26 

.13 32 
• 14 37 
.15 49 
.17 52 
.19 30 
.19 24 
.20 18 
. 19 20 
.20 20 
.23 18 
.24 17 
.25 16 
.26 16 
.27 12 
.26 13 
.27 13 
.28 12 
.26 12 
.27 9 
.28 7 
.29 10 
.33 13 
.34 15 
.3S 17 
.32 14 
.30 20 
.30 12 
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STRENGTH 
(KSf) 

3.054 
2.685 
2.S44 
2.315 
1.849 
2.858 
3.315 
5.103 
7.947 
7.527 

5.346 
S.449 

3.616 
3.621 
3.445 
2.727 
1.954 
1.689 
2.318 
3.S26 
4.073 
4.657 
3.012 
2.215 
1.934 

FACTOR DENSITY ANGLE 

<"> 

19.5 
19.5 
19.5 
19.5 
19.5 
19.S 
19.5 
19.5 
19.5 
19.5 

19.5 
19.5 

19.5 
19.S 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 

100+ 

87 
80 

88 

100+ 
100+ 
100+ 
100+ 
100+ 
100+ 
100+ 
100+ 
100+ 
100+ 
100+ 
100+ 
100+ 
100+ 
99 
93 
92 
82 
79 
79 
76 

74 
79 

83 

42 

40 
39 

40 

42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
41 
41 
40 
39 
39 
39 

38 
39 
40 

RATIO 

.50+ 

.SO+ 

.SO+ 

.SO+ 

.5D+ 

.50+ 

.50+ 

.SO+ 

.SO+ 

.50+ 

.50+ 

.50+ 

.SO+ 

.50+ 

.50+ 

.50+ 

.SO+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.50+ 

.SO+ 

.SO+ 

.50+ 

.50+ 
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7.80 
8.00 
8.20 
8.40 
8.60 

8.80 
9.00 
9.20 
9.40 
9.60 
9.80 

10.00 
10.20 
10.40 
10.60 

10.80 
11 .oo 
11.20 
11.40 
11.60 
11.80 
12.00 
12.20 
12.40 
12.60 
12.80 
13.00 
13.20 
13.40 
13.60 

13.80 
14.00 
14.20 
14.40 
14.60 

14.80 
15.00 
15.20 
15.40 
15.60 

15.80 
16.00 
16.20 
16.40 
16.60 
16.80 
17.00 
17.20 
17.40 
17.60 

17.80 
18.00 

40.90 
37.00 
32.20 
21.58 
21.89 
16.10 
9.59 
5.83 
7.52 
5.82 

10.43 
27.30 
36.36 
20.56 
8.92 
8.55 

19.85 
25.67 
29.95 
38.66 
44.49 
46.58 
40.07 
43.47 
40.41 
36.12 
32.87 
32.87 
45.42 
57.52 
45.88 
42.44 
34.61 
38. 19 

149.00 
214.97 
103.61 
77.37 
45.42 
43.61 
35.18 
56.99 
81.10 
55.44 

351.73 

79.81 
53.05 
49.0S 

135.46 
439.70 
S33.15 
435.07 

Wednesday, March 14, 1990 

1.17 
1.19 
.74 
.80 
.51 
.49 
.36 
.35 
.42 
.69 

2.87 CLAYEY SILT TO SILTY CLAY MH·CL 
3.22 CLAYEY SILT TO SILTY CLAY MH·CL 
2.29 CLAYEY SILT TO SILTY CLAY MH·CL 
3.72 CLAY CH 
2.34 CLAYEY SILT TO SILTY CLAY MH·CL 
3.05 SILTY CLAY TO CLAY CL·CH 
3.78 CLAY CH 
6.03 CLAY CH 
5.58 CLAY CH 

11.91 ORGANIC MATERIAL Ol.·Oll 

.70 6.72 CLAY CH 
Cl·CH 
CL·CH 
Cl·CH 
OL-OH 
CH 

1.07 3.91 SILTY CLAY TO CLAY 
1.34 3.67 SILTY CLAY TO CLAY 

.60 2.91 SILTY CLAY TO CLAY 

.77 8.61 ORGANIC MATERIAL 

.55 6.44 CLAY 

.87 4.38 CLAY CH 
1.20 4.67 CLAY CH 
1.35 4.51 CLAY CH 
1.71 4.42 CLAY CH 

CH 
Cl·CH 
CH 

2.10 4.71 CLAY 
2.02 4.33 SILTY CLAY TO CLAY 
2.06 5.14 CLAY 
2.12 4.88 CLAY CH 
2.12 5.24 CLAY CH 
1.30 
1.00 
1.3S 
1.70 

2.63 
1.64 
1.80 
1.49 
1.99 
3.13 
3.77 
2.97 
1.41 
1.15 
1.90 
1.S4 
1.83 
2.28 
3.55 
3.67 

.96 
1.19 
1.71 

1.85 

2.51 
1.84 
1.38 

3.60 SILTY CLAY TO CLAY CL-CH 
3.04 CLAYEY SILT TO SILTY CLAY MH·CL 
4.11 SILTY CLAY TO CLAY Cl·CH 
3.74 SILTY CLAY TO CLAY CL·CH 
4.58 SILTY CLAY TO CLAY Cl-CH 
3.58 CLAYEY SILT TO SILTY CLAY MH·CL 
4.24 SILTY CLAY TO CLAY CL·CH 
4.31 CLAY CH 
5.22 CLAY CH 
2.10 SILTY SAND TO SANDY SILT SM·ML 
1.75 SILTY SAND TO SANDY SILT SM·ML 
2.87 SANDY SILT TO CLAYEY SILT ML-Miio_;. 
1.82 SANDY SILT TO CLAYEY SILT ML·MH 
2.52 CLAYEY SILT TO SILTY CLAY MH·CL 
4.35 SILTY CLAY TO CLAY CL·CK 
4.37 CLAY CK 
3.21 CLAYEY SILT TO SILTY CLAY MH·CL 
2.81 SANDY SILT TO CLAYEY SILT ML·MH 
6.41 CLAY CH 
1. 04 SAND SW·SP 
1.20 SILTY SAND TO SANDY SILT SM·ML 
2.25 SANDY SILT TO CLAYEY SILT ML·MK 
3.48 CLAYEY SILT TO SILTY CLAY MH·CL 
1.36 SILTY SAND TO SANDY SILT SM·ML 
.57 SAND SW·SP 
.35 GRAVELLY SAND TO SAND S\l·GW 

.32 SAND S'IHP 
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.35 

.36 

.37 

.34 

.39 

.35 

.36 

.37 

.38 

.29 

9 

8 
7 

10 
5 

5 

4 

2 
3 
2 

.39 4 

.40 8 

.41 11 

.42 6 

.32 4 

.43 4 

.44 9 

.45 12 

.46 14 

.46 18 

.47 21 

.48 14 

.49 19 

.50 20 

.50 19 

.51 

.58 

.53 

.54 

.54 

.62 

.56 

.57 

.58 

.80 

.81 

.75 

.76 

.69 

.62 

.63 

.72 

.81 

.66 
1.08 
.92 
.85 
.77 
.96 

1.14 
1.16 

1.17 

11 

7 
10 
14 
18 

10 
13 

16 
18 
23 

34 
19 
14 
10 
13 
16 
13 

15 
26 
33 

12 
10 
11 
21 
42 
42 
41 

2.079 
1.879 
1.632 
1.089 
1.103 
0.808 
0.473 
0.280 
0.366 
0.284 
0.515 
1.379 
1.844 
1.033 
0.441 
0.416 
0.995 

1.293 
1.512 
1.959 
2.257 
2.364 
2.030 
2.204 
2.047 
1.826 
1.656 

1.658 
2.302 
2.922 
2.321 
2.148 
1.746 
1.929 

5.275 
3.929 
2.294 
2.205 
1.m 
2.886 
4.117 
2.809 

2.677 

2.476 

19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 

19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 

19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.5 
19.S 

19.5 
19.5 

82 
95 
71 

63 

63 

100+ 
60 
47 

75 
100+ 
100+ 
100+ 

40 
41 
38 
37 

37 

44 
36 
35 

39 
44 
46 
44 

Page 2 

.SO+ 

.50+ 

.SO+ 

.26 

.26 

.50+ 

.22 

.16 

.50+ 

.50+ 

.50+ 

.50+ 
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18.20 387.41 1.78 .46 SANO S\l·SP 1.18 37 100+ 44 .50+ 
18.40 415.68 1.93 .46 SAND S\l·SP 1.20 39 100+ 44 .50+ 
18.60 196.90 2.67 1.36 SAND TO SILTY SAND SM-SP 1.12 23 84 41 .50+ 
18.80 419.19 2.63 .63 SAND S\l·SP 1.22 40 100+ 44 .50+ 
19.00 365.19 1.50 .41 SAND SW-SP 1.23 34 100+ 44 .50+ 
19.20 344.81 1.05 .31 SAND SW-SP 1.25 33 100+ 44 .50+ 
19.40 361.76 .01 .00 SAND S\l·SP 1.26 34 100+ 44 .SO+ 
19.60 128.94 .88 .68 SAND TO SILTY SAND SM-SP 1.18 1S 68 39 .43 
19.80 192.24 1.12 .58 SANO TO SILTY SAND SM-SP 1.19 23 82 40 .SO+ 
20.00 423.SS 3.04 .n SAND SW-SP 1.30 40 100+ 44 .50+ 
20.20 231.43 3.01 1.30 SAND TO SILTY SAND SM-SP 1.21 27 87 41 .50+ 
20.40 192.38 2.68 1.39 SANO TO SILTY SAND SM-SP 1.22 23 82 40 .50+ 
20.60 175.68 3.02 1.n SILTY SAND TO SANDY SILT SM·ML 1.13 28 81 . 39 .50+ 
20.80 214.53 1.64 .76 SAND TO SILTY SAND SM-SP 1.25 25 84 41 .50+ 

Notes: 

1. Default values of submerged unit weight and cone factor are used. 
2. Relative density h estimated based on Schmertmann (1978). 
3. friction angle is estimated based on Schmertmann (1978). 
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APPENDIX E 

RESULTS OF DISTRICT 12 LABORATORY TESTING 

ON SUBSURFACE SOIL SAMPLES AT SITE 
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PROB l CONTD) 
2165 (NOTE: NG SOIL lS OlSk~GAKOED FOR STkEhGTH ANALYSISJ 

CCUNTY­
rUGHwAY NG.­
CONTROL­
PROJECT NO.­
DATE-
GRO. ELEV.­
DISTRICT- 12 

0 

HARRIS 
US-.:'.9u 
0050-ub-v3 3 

04/17/90 
142.d 

s 
A TAT 

DKlLLl~G KEPORT 

STRUCTURE­
HOLE NO.­
ST AT ION­
OFFSET­
CODED BY­
GRu. WATER 

JS-290 CYPRESS ~YPASS RET. WALL. 
w71 

1967+25.00 
Ol..OO' 

PAZ 
ELE:V.- 142.8 

E F PEN PEN M N LAT- vd: T 
p T lST 2ND p 0 
T • olN blN L • 
H E 

0 
1 l 
2 
3 
4 
5 4 

J~!LLER- MIKE BAHM 

ULT 
PSI 

(J l:N MDI LL 
PCF I. I. 

p I 
I. 

DESCRIPTION OF MATERIAL ANO 
REMARKS 

CLAY,SANDY,GR-TAN,SOFT,MOlSTt 
CALCAREUUS,FER. 

LOGGER- LOGGER AL FERRALL E 
TITLE- NGR. TECH III 
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~FAST BRIDGt FjJ..Ut~OATION ANu SOIL TE:-..T Pi<lJG - Z24161:l VER 1.8 NUV t.7 

PR013 <CONTD> 
2165 lNOTE: NO SOIL IS OlSKEG~ROED FOR STRE~GTH ANALYSIS! 

SulL STRENGTH ANALYSIS RESULTS 
DISREGARD TO tLEVATION IS 142.8 FEET 

HOLE NUMBER W71 

STt<AT A 
NUMBER 

ELEVATION 
-FEET-

F 1rnM TO 

l 142.8 136.8 

DESIGN 
STkESS 
OF SOIL 

TON S/SQF T 
PER ST RAT 

u.ov 

t.LLOWABLE 
STATIC 

Fk IC TI UN AL 
RcSISTANCE 

lOS J 
TUNS PER FT 
OF PERIMETER 
PEi<. ACCUM-

~TKATUM IJLATIVE 

u.uv o.uo 

E3 

REDUCED 
ALLOWABLE 

STATIC 
FRICTIONAL 
RESISTANCE 

------------------
PER AC CUM-

SR STRATUM ULA TI VE 

(,. 7 u.oo o.oo 

POINT 
BEARING 

BEAR STRENG Tti 
FACTOR SNC 

NC TONS/SQ FT 

3.62 o.oo 

TAT 
TO 
p EI\ 
RAT 

0. (J 



C~UNTY µ.ARRIS 
HlGHWAY NC US-290 
CO~TROL 0050-05-0JJ 
l PE 

ELEY 

ft. 

•REMARKS1 

DRILLER MIKE. BAHM 

DRILLING LOG 

STRUCTURE 
HOLE NO 
STATTON 
LOf.rAT !Otl 

US-290 ~vrn~ss B~rAss Rtt. WALL· THO DIST i2 
W7: DAfF. Oil/17 /90 

GRD. ELEV- 142.6 
G~D.wATF.R ELEV- 142.& 

DESC~JP!lON Cf HATEP.IAl 
'f:Hl:lt 

OF 
ccr:u1r. 

LOGGf.R LOGGER AL FE.RRALL E. TITLE. NGR. TECH JI-I 

E4 



0 

o TONS/SOFT 'i?r·oo _ 1 .oo 2.00 3.00 4.oo 5.00 6.oo 7.oo s.oo 9.00 
·- · ·C9-6--9-e-©ACCUMULATIVE ALLOWABLE STArtC FRICTIONAL RE.SlSTANCf. 

: ~A A~ A AACCUMULATIVE REDUCED ALLOWABLE STATJIC FRICTIONAL RESISTANCE 
0 · · · DESIGN STRESS OR 1/2 SHEAR STRtNGTH OF SOIL 
~J : :x XX X XPO!Nl BEARING STRENGTH 
~ ......... : ......... : ......... P.1.5~.E.~ .. A.~P .. TP. ~~f·YAJ.19~ .. 1.4.2:.B ... .F.F.E.T ............... ,. ........ . 

11 
0 
c 
z 
0 
1:--1 
-7 

;) 

::3: 
~o 
LL C: 

C\J 
-.:J· 

Z.-
1--i 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . )> 

z: 
tt:I oo 
U1 0 

I--! • 

J-0 
<("<!' 
>·-
1..Li 
_ _J 

LJ...JO 
0 . 
00 
I") 

0 
0 . 
~ 
!")-+-~~·~--~~~---.-~· 

-o.oo j .oo 2.00 

COUNTY HARr.IS 
HIGHWAY NO US-290 
COfHROL 0050··0'>-033 

I PE. 

i-- ~-l 
3.oo 4.oo 5,00 6.oo 7.oo B.oo .oo 

TONS/FT OF PERIMETER 

STP.UCtURC US-290 CYPRESS BYPASS P.CT. wALL, TH~ DlST i 2 
04/17/90 

PAZ 
HOLE NO W71 DAT~ 

STATION i967+25.0C B~ 

LOCATION oo.oo· 

rn 
:::::0 
!----t 

)> 
r 

u 
:::::0 
0 
u 

I) 

:::::0 

1-1 

rn 
Cf) 



TEST HOLE NC. ~71 

GROUND ELEV. 142.8 

CLAY,SANOV.GP.-TAN.SOH.M:Ji.CALCS. 
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BRIDGE FilUNOATlON ANO SOIL Tc5T PROQ - 22~168 VER 1.8 N(JV 87 

PROB {CONTD) 
2165 (NOTE: NU SOIL 15 ulSREGAkDED FOR STKEN~TH A~ALYSIS> 

COUNTY­
HIGHWA Y NO.­
CONTROL­
PROJECT NO.­
DATE-
GRO. ELEV.­
OISTRICT- 12 

0 

HARRIS 
US-Z90 
OiJ50-Go-033 

04/17/'10 
142.l 

s 
A TAT 

ORl Llll'<G RCPU1H 

STRUCTURE- US-L9v CYPRESS oYPASS KET. WALL. 
HOLi:: t-<U.­
STAT lON­
OFF::>ET­
COOEO BY­
GkD. WATER 

ri 72 
1<1oti+75.oo 
oo.vo• 

PAZ 
ELEV.- 142.l 

E F PEN PEN M N LAT- w l: T 
p T lS T 2ND p G ULT 
T • oIN bIN L . PSI 
H E 

0 
l 
2 
3 
4 1 v-
5 
6 
7 2 o-
8 
9 3 o-

10 
11 5 u-
12 
13 7 v-
14 9 o-
15 

)RILLER- MIKE BAHM 

5 

3 

2 

4 

2 
14 

Ul:N M(J I LL 
PCF i. /:. 

ilb 2.1 

124 20 4U 

116 26 45 

122 24 31 

J.22 24 31 
132 .us 

Pl 
i. 

UE:SCRlPTlON OF MATERIAL ANO 
REMARKS 

SANOlCEMENT STABILIZED SAND TO 4'l. 

CLAY,SANOY,MULTICDLOREO,SOFT,MOIST, 
CALCAREOUS. 

- v.sOFT. 

- STIFF • 

LuGGER- LOGGER AL FERRALL E 
TITLE- NGR. TECh III 

E7 



bRlUGE FlluNOATlON ANO SOIL TEST PkOG - l24168 VER 1.8 NOV 87 

~-

PK.OB <CONTD> 
2165 (NOTE: NG SOIL IS DISRE::GARDEJ FOR STKENGTH ANALYSIS> 

SOIL STRENGTH ANALYSIS RESULTS 

HOLE NUMBER w72 

, TRAT 
NUM. 

l 
2. 

STRAT CEl'<­
ELEVATION THICK TROID 
-FEET- NESS uEPTrl 

FROM TO FEET FEET 

PE::N 
Ul\IF. TEST 
SOIL BLOWS/ 
CLASS FOOT 

142 138 4.0 
136 127 11.0 

2.0 OTHE 
Y.5 CL 

E8 

~OIL 

CLiHES 
TEST LBS/ 
CONST SOFT 

wET 
DENS 
LBS/ 
CUFT 

l~T. VARIANCE TAT 
FRIC --------------
ANG. PEAK AVG RATIO 

359 124 u.o 4.4 1.5 5.8 



l~ol"\-.,; V'-f -l">tr1._1•t VI tlA'V"•••"-.t..,1- -••V • V~*-•V *''-~'t..JlUl,IMl.'-J.t• 

jfAST BKIDGE f.(LUNOATlON AND SOIL TEST PkUG - 224168 YER l.8 N(JV 87 

PROB (CONTD) 
2165 (NOTE: HO SOIL IS OlSKEGAKDED FOR STRENGTH ANALYSIS> 

SOIL STRENGTH ANALYSIS RESULTS 
DISREGAkD TU cLEVATION IS l4l.l FEET 

HOLE NUMBER W72 ALLOWABLE: REDUCED 
STATIC ALLOWABLE 

FklC.TllJNAL STATIC 
Kt:SISTANCE FRICTIONAL POINT 

OESIGN ms> RESISTANC.E BEARING 
STkESS Tu NS PER FT ------------------ BEAR STRENGTH TAT 

STRATA ELEVATION OF SOIL OF PERIMETER FACTOR SNC TO 
NUMBER -FEET- TUi>1S/SQF T PEk A CC UM- PER AC CUM- PEN 

Fri.OM TO PEI< ST RAT STRATUM ULATIVE SR STRATUM ULATIVE NC TONS/SOFT RAT 

l 142.l 138.l o.ou 0.ou u.oo 0.1 o.ou v.oo 4.29 o.vo 0 .v 
2 138.l 127.l 0.09 u. 9c, u.99 c.1 o.6'1 o.o9 3.62 o.oo u.o 

E9 



COUNTY HARP.IS 
HJ GHWAY NO US-290 
C'!JIHROL 
JPE 

0050·-05-033 

LOG tHO PEN. TEST 
NO. Cl' BLOlolS 

DRILLING LOG 

STRUCTURE 
HOLE NO 
STATION 
LOC.M J Ot.! 

US-290 LVPRESS BYPASS P.ET. wALL· TH~ ~JSl i2 
W72 OATF. 04/1 ! /90 

i!J66+ ?'5. CC GIW. Et.EV. 1 42. l 
oc.cc· GP.D.wATF.R ELEV- 142.J 

"1£:.HIOI: 
OESC~t?!IO~ OF MAtF.P.IAL 

El.EV 

Ft. !ST 6' • .?HO ~& 
OF 

ccF:n~r. 

142. i 0 c 

1() iJ 

DRILLE.R HlKE. BAHM LOGGER LOGGER AL FERRALL F. TITLE. NGR. Tf.CH I I I 

E10 



l:1'j .... .... 

0 
0 

~. 00 0. 10 
TONS/SQFT * 1 0- 1 

0.20 a.Jo 0.40 a.so a.so 0.10 o.so a.go 
.J--~----4---------~-------'---~-----'---------'---------"------____J ~-I---~----_._ __ __ 
·<9-9 9 9 ©ACCUMULATIVE ALLOWABLE STATIC FRICTIONAL RE.Si STANCE. 
:~~A A AACCUMULATIVE REDUCED ALLOWABLE STATIIC FRICTIONAL RESISTANCE ol · · · DES I GN STRESS OR 1 /2 SHEAR ST RE.NG TH GF SO i L 

': : :~x >< ><POi NT BE.ARI NC, STRENGTH 

~ ......... : ......... : ......... P.1.s~.E~.A~P . . r9. ~~~Y~.r.1 9 ~( .1.4.2 ... 1 ..• Frf._r ........................ . 

~o 
LL C: 

l.D 
l"1 

Z.-
1--i 

z 
ao 

0 
1--1 ' 

J-N 
<(~ 
> 
LJ.j 
_..J 
wo 

0 . 
00 
(\J ·-

. . 

: : ..... :........ ... . . . .. . . . : . . :· : • -~,,~ . . . . . • . . . . : . . : . . . 1. 

. . . . . . . . . . r .••... ~~ : : : • : •.. . . ·:· . 1• 

:""' " . . . . . . . . . . . . I 
: · ... """"' : .. : ...... : ..... : : : If . ., : ... "';.,......... . : . . : . . ....__. . . . . . . . . . . . . . 

....... : ........ "'·",, : : : ... : ............. : . . 

. "~ . . . . . . . . . . . . . "'-.· . . . . : . . . . . . . . . ..... : ........ : ...... : ~-· : . 
. 

Qi 

iL-
-o. 00 Jl.80 l I 

0.40 
I I I I 1 

0.20 

COUNTY HARP.IS 
HIGHWAY NO US-290 
CO~TROL ooso-o~-OJ3 

JP~ 

0.60 a.so . 1 .20 1. AO 
TONS/FT OF PERIMETER 

STRUCTURt US-290 CYPRESS BYPASS RtT. wALL. THD DlST 
HOLE NO W72 DATE 
STATION i966+?5.0C BY 
LOCATION 00.0C' 

·---·--·-·---·---···---- ·-------------------------·-------------

i . 60 

·2 
011/17/90 

PAZ 

l 
I 
I 

_J 

11 
0 
c 

0 
!--1 

-7 

:I 

)> 
-1 
rn 
:::::0 
1--1 

)> 
I 

-o 
:::0 
0 
u 

:::::0 
--1 
!--'! 

rn 
(/) 



Tf:ST HDLE NO. w72 

GRO~ND ELEV. 142.1 

SANO. <CEMENT STABILIZED SAND;. 

CLA.Y,SA.NDY,MUL.TICOLOREO .. SCFT.MOi. 

E12 



f~~~-""' ...,._,,,...,,, •. ,._,,..Vt"'...,"""''••-•"""'""''...,.,.,,..,..._._..,.. t ,,_..,, • .,.,.V,,t_,,, • ....,,. 

;FAST bRIO~E: FQuNOATIUN AND SOIL TEST PKuG - 224168 VE:R 1.8 NOV 87 

PROB (CONTD) 
ll65 (NOT~: NO ~GIL lS Ul~RE:GA~UED FOR STRENGTri ANALYSIS> 

COUNTY­
HIGHWAY NO.­
CONTROL­
PROJECT NO.­
DATE-
GRD. ELEV.­
DISTRICT- lZ 

D 
E F PEN 
p T lST 
T • 6IN 
Ii 

0 
l 
2 
3 
4 
5 
6 
7 

HARRIS 
US-290 
0050-v6-v33 

04/17/9(J 
144. l 

s 
A Tt. T 

(J k l LL lN (:, K E P UK. T 

STKUCTURE­
HGLE N0.-
5 TAT ION­
OFFSET­
COOE:D 1'Y­
GRO. WATER 

PEN M N LAT- Wl:T 
ZNO 
6IN 

P Ll ULT OE~ MOl LL Pl 
L • PSI PCF I. 7. 7. 
E 

uS-l90 CYPRESS oYPASS RET. wALL. 
~ 73 

1963 ... 5u.ou 
00.00• 

PAZ 
ELEV.- l't4.l 

DESCRIPTION OF MATERIAL ANO 
REMARKS 

2 o- 7 1~8 23 39 CLAY,SANOY,MULTICOLOREO,SOFTtMOISTt 
3 l3 CALCAIU:OUS. 
5 o- 4 li.b 21 39 
b 22 

7 o- 4 127 21 33 
- ENCOUNTERED BOX CULVERT 6.5' 

JRlLLER- MIKE BAHM LO(:,GER- LOGGER AL FERRALL ~ 

TITLE- NGR. TECH III 

E13 



oFAST SRIDGE FOUNDATlU~ ANU SOIL TE~T P~OG 224168 VE:R 1.8 N(JV 81 

PROB (CONTD) 
2165 (NOTE: NO SOIL IS DIS~E:GAKDEJ FOk STRENGTH ANALYSIS) 

SOIL STRENGTH ANALYSIS RESULTS 

HOLE NUMBER WB 

STRAT 
NUM. 

l 

ST RAT 
ELEVATION THICK 

-FEET- NESS 
FROM TO FEET 

144 137 7.0 

CEN­
T kOI O 
DEPTH 
FEET 

PEN 
UNIF. H:ST 
SOIL BLOWS/ 
CLASS FOOT 

SOIL 
COHES 

TEST LHS/ 
CONST S:lFT 

WET 
DENS 
LBS/ 
CUFT 

I f'.IT. 
FRI C 
ANG. 

VARIANCE TAT 

PEAK AVG RA°J I 0 

3.5 CL 358 lt: 7 O.v 1.0 O.b 3. 4 

E14 



•-~"~'- ...,._'"""'*"•··-*'' _, ••a~••~·...-~ . ...,~,,,..., • ...,....--•~ 1t'-'".JtUt'l"t4U1• 

.::FAST BiUDGE F.iJ.UNDATlOt' AIW SillL TEST PROG - 224168 VER 1.8 NliV 87 

PROB (C01HD> 
2165 (NOTE: NO SOIL IS Dl5KcGARUED FOR STKENGTH ANALYSIS> 

SOIL STRENGTH ANALYSIS RESULTS 
DISKEGARO TO cLEVATIUN 15 144.l FEtT 

HOLE NUMBER W73 

, T RAT A 
.UMBER 

ELEVATIOt-.i 
-FEET-

FRGM TU 

l 144.l 137.l 

DESIGN 
STRESS 
OF SOIL 

TGNS/S<JF T 
p l::i<. ST KAT 

o.u9 

ALLOkABLE 
STATIC 

FR l CTI llNAL 
RESISTANCE; 

lDS l 
TONS PER FT 
GF PERIMETER 
p E;R AC.CUM-

STRATUM llLATIVE 

u.6~ (j .b3 

E15 

RE::DUCEO 
At..LOWABU: 

STATIC 
F RlCT IONAL 
kESISTANCE 

------------------
PER AC CUM-

SR STRATUM ULATIVf: 

0.1 0.44 0.44 

POINT 
BEARING 

BEAR STRENGTH 
FACTOk s~c 

NC TONS/SOFT 

3.62 v.oo 

TAT 
TO 
PEN 
RAT 

o.o 



GQUNTY HARP.IS 
HIGHWAY NO US-290 

LOG THD PEN· TEST 
NO. Cf eLOllS 

DRILLING LOG 

s TRUC'!' um: 
HDLE NO 
STATION 
LOCATION 

US-290 ~VPR~SS 0¥PAS5 RCT. wALL. TH~ DIST i2 
04/17/90 W73 DATE 

1963•SO.OC 
cc.cc· 

OESC~!PTIOM Of HAtf.P.lAL 

GP.!l. ELH · I 41. 1 
r.rm. WATF:R ti...EV. 14L l 

ELEV 

ft. lST 6' 2NO '3' 

'1f:TH::lt 
CF 

C.~l\INI; 

141.1 0 

•REMARKS1 

ORJLLER t11KE BAHM 

1 

1 
~ 

LOGGER LOGGtR AL FERRALL E'. TITLE NG'l. TF.CH lI J 

E16 



0 
0 

~.oo 0. l 0 0.20 
TONS/SOFT 

0.30 o.4o 
* 1 0- 1 

o.so 0.60 Q.70 Q.80 
~·---______ _..,._ _________________ _._ ________ ..__ ________________ ~--------~ I 

~.90 

I 
oi 
0 . 
'<!" 
-.,j· 

·a 
1-o 
LL • 

N 
~· 

Z:.-
1-1 

~ 230 
-....! 1-1 c: 

1-0 
<(~· 
>·-
l.Jj 
_J 
wo 

0 . 
00 

.(!) E9 E9 E9--€)ACCUMULATIVE ALLOWABLE STATIC FRICTIONAL RE.SI STANCE. 
:A A A A AACCUMULATIVE REDUCED ALLOWABLE STATIIC FRICTIONAL RESIST 
--- DESIGN STRESS OR 1/2 5HEAR STREN(;TH OF SOiL 

:y v v Y VPOINT BEARING STRENGTH 

C[ 

· · DISREGARD TO ELEVATION 144.1 FEET . . -~ . . . : . . . . . . . . . : . . . . . . . . . : . . . . . . . . . : . . . . . . . . . : . . . . . . . . . : . . . . . . . . . : . . . . . . . . . : . . . . . . . . T 

~
~ : : : : : : : 1: 
~~ . . . . . . . 1. 

~: : : : : : : 1: 

,, : ~-····~·········; ......... ; ......... ; ......... ~ ......... ; ........ l 
"""' . • . . . • 1 • ·' . . . . ' . 

I 

·~: . . . ' 

fl')__, ........... ' ................... " ............................ .. 

:·~ ~ of 

~I I 
-o. 00 0. 08 

r·-
0. 56 . 4 .72 

r -r-· ·1 
0.24 0.32 Q.40 0.48 

I o. 16 
TONS/FT OF PERIMETER 

--------............. --~--

COUNTY HARRIS STRUCTURE US-290 CYPRCSS B!PASS RCT. WALL· THD DIST i 2 
HIGHWAY NO US-290 H::JLF. NO W7J DA fF. 04/17/90 

CONTROL 00-'50··0?-033 STATION i963+5o.oo 13! PAZ 
l l"E. LOCATION oc.ac• 

11 
0 

z 
0 
t---1 

z 
J> 

)> 
---1 
rn 
::::0 
1--1 

)> 
I 

-o 
::::0 
0 
u 
)j 
---1 
1-1 

rn 
(}) 



TEST HOLE NO. w7J 

CRJUND ELEV. 141.1 

CLAY.SANOY.MULTICOLORED.50FT 

ma 



;FAST bRlUGE FUUNOATION ANO SOIL TE~T P~~G - l24lb8 llER .l.o NOV o7 

PROB (CONTD> 
2165 (NOTE: NO SOIL IS UlSR~GAkDEl FOk STRENGTH ANALYSIS> 

DRILLlf'.iG KEt">ORT 

COUNTY- HARRIS 
HIGHWAY NO.- US-290 
CONTROL- 005U-ub-033 
PROJECT NO.-
DATE- 04/17/40 
GRO. ELEV.- 144.d 
DISTklCT- 12 

s 
D A TAT 
E F PEN PEN M N LAT-
p T lST ZNO p Ci ULT 
T • olN blN L • PSI 
H E: 

0 
1 2 o- 13 
2 
3 4 
4 
5 5 
b 7 o- 17 
7 
8 
9 9 o- 22 

10 11 
ll 
12 13 o- 25 
13 14 o- 31 
14 
15 

;~ILLER- MIKE BAHM 

wET 
uEN 
PCF 

uu 

134 

.1.25 

133 
12.7 

STRUCTURE- US-~9v CYPRESS BYPASS RET. WALL. 
HOLE f'.10.- ,,74 
STATION- 1960+25.0v 
OFFSET- Ou.OU' 
CU OED BY- PAZ 
GRO. wATEk ELEV.- 144.b 

M(;l LL PI uE:SCRIPTlON OF MATERIAL AND 
i:. I. I. REMARKS 

33 3 L'. CLAY,SANDY,OK.GR-TAN,STIFF,MOlST. 

17 - CALCAREOUS. 

19 "tO - FlkM. 
17 39 - STIFF. 

22 bl CLAY,TAN-Gk,STIFF,MOIST,CALCS. 
l7 - CALCAkEOUS LAYERS. 

lb 51 
ll - v.STIFF. 

LGGGck- LOGGER AL FcRRALL E 
TITLE- Nuk. TECH III 

E19 



• - •• , • - ...,, ,.... • ,.... .. • • - •• t ..... • • .... ""' ~ ........ ' ... ..,... • • .... • .... - - ... .... • • ' - ... ..,, • \J ,, • - • .. t.J •• 

5FA ST 8RIOGE F~UNDATIUN AND SOIL TEST PKUG - 2L~lo8 VE:R l.ej N{JV 87 

PROB tCGNTD) 
2165 tNOfE: NG SOIL IS ulSKE:GAKOED FQR ST~ENGTH ANALYSIS) 

SOIL STRENGTh ANALYSIS KESULTS 

HOLE NUMbER w74 

.ifRAT 
NUM • 

l 
2 

ELEVATION 
-FEET­

F~OM TO 

145 13 7 
13 7 130 

ST RAT 
THICK 
NE SS 
FEET 

CEN­
TROID 
UEPTH 
FlET 

Pl:.N 
UNIF. TEST 
SOIL bLOl'lS/ 
CL ASS FOOl 

8.v 4.0 CL 
7.u 11.5 CH 

SGIL 
CLIHES 

TEST LoS/ 
CONST SOFT 

WET 
OENS 
LBS/ 
CUFT 

INT. VARIANCE TAT 
FRIC --------------
ANG. PEAK AVG RATIO 

1084 B2 IJ .o 
L884 128 IJeU Z.o 1.7 3.7 

E20 



:.iFAS T bklOGE F~U~DATION ANO SOIL TEST PRLG - ~24lb8 VER 1.8 N(JV 8( 

PROB <CONTDJ 
2165 (NOTE: NO SOIL IS UlSREGAKOED FOR STRENGTrl ANALYSIS> 

SOIL ~TKENGTH ANALYSIS KE~ULTS 

DISREGARD TO ELEVATfON IS 144.b FEET 

HOLE NUMBER W74 ALLOkilABLE REiJUCE 0 
STAT!(; ALLUwAbLI: 

FklCTI ONAL STATIC 
RESISTANCE FRICTIONAL 

OESIC.N <OS> RtSISTANCE 
STRESS TUNS PER FT ------------------STRATA ELEVA TI ON OF SOIL OF PERIMETER 

NUMBER -FEET- TONS/Si.IFT PER ACCUM- PE I< AC CUM-
FROM TO PEI<. ST RAT STRATUM ULATIVE SR S Jl(ATUM ULA Tl \IE 

l 14'4. 8 130.8 0.21 /. .17 .ii:.17 ri.1 l. 5 /. 1.52 
2 136.e 129.8 u.47 ~.3v 5.'to 0.7 ~.31 3.83 

E21 

POINT 
BEARING 

BEAR STRi:NGTH TAT 
FACTOR SNC TO 

PEN 
NC TONS/SOFT RAT 

3.b2 o.oo o.u 
2.57 o.oo o.o 



CCUNTY HAR?.lS 
HIGHWAY NO US-290 
CONTROL DC50-05-0JJ 
l PE 

LOG THn rE"· TEST 
NO. Cf" BLOWS 

DRILLING LOG 

STRUf,TURE 
HOLE NO 
STAT ION 
LOC.A Tl 01-! 

US-290 c.vr~rss BYPASS RET. wALL· TH~ n1sr i2 
04/17/:JO ~74 DATE 

i9~0.,.2S-OC 

oo.cc· 

OESCP.IP!lON Of" HAfERIAL 

GP.!). EL.EV· 1 ·11.a 
GP.D.wATF.R [LEV. 14\.a 

EL Et 

Ft. JST '3' 2!10 ~· 

'if.TH:lt 
OF 

CCF.HIG 

c 
CLAY.S NO¥. 

1 

Cl. y, 

jQ 

•RE.MARKS1 

DRILLER MIKE. BAHM LOGGER LOGGER AL Ff.RP.ALL E. TITLE. t-jf,P,. TF.CH 111 

E22 



5 w 

0 

C: TONS/SOFT 
cx:0.oo o.os o. i6 0.24 0.32 o.4o o.48 o.56 o.64 0.12 .... I I I I ___ __J - -~ e e e ©ACCUMULATIVE ALLOWABLE STATIC FRICTIONAL RESISTANCE 

:~ACCUMULATIVE REDUC[D ALLOWABLE STATIIC FRICTIONAL RtSISTANC[ 
o I : · DESIGN STRESS OR 1/2 SHEAR STRENGTH OF SOIL 
':l ·XX XX XPOlNT BEARING STRENGTH 

. 

~ 
~· 

._g 
LL • 

0 
-..!• z,_ 

~ 

z 
Do 

0 
~' 
l-1.0 
<:~ 
> 
LlJ 
_.J 
wo 

0 . 
(\J 
t0 ·-
0 
0 . 
00 

F Ff. T .....•.................... ATION.}~:1:~ ..•.... AR D TO E~~Y .. · · · DI SR~.G .. · · · · · . 

~-····:·········:·········:··· --···-·············-······· '"'.... . . . ........ . ' "--..;_ . . ....... . ·~:, . . ..... . : ""' . ..: ......... . 

... :-~ ·~ .. .. : . . . . . . : . . .. - . . .. 
...... : '""' : ·-~: I : : ........... . 

: ~-~< :· .... :· . . . • 
.. : ..... : ................. : I . : : 

-. : ~~- ~-<-~1: : . 
. : ... : ......... : ,~.·~: . . . . . . . . . . ..... . . . . . . . . ,.........._ . . . 

....... : ...... : -...,. : 

N-1------'1-------,.---,---,---- --· ,-- - ---- --·-- ----, 
-0.00 Q.80 1 .60 2.AO 3.20 4.00 4.80 5-60 

COUNTY HARnts 
HIGHWAY NO US-290 
COIHROL 

JPt 
0050·-0?-033 

-------·-----------··-·-· 

TONS/FT OF PERIMETER 

STRUCTURE US-290 CYPRESS BYPASS ~er. ~ALL. TH~ DIST 
HOLE NO W74 DATF 
STAT JO~ i960~2s.oo BY 
LOCATION oo.oc· 

6. 40 7. 20 

'1 2 
04/ 11/90 
f'AZ 

11 
0 
c 
z 
0 
1:---t 

z 
' 

3: 
)> 
-1 
fll 
::::0 
t--1 

)> 
r 

u 
::::0 
0 
u 

1 

,-() 

t--1 

fll 
Cf) 



TEST HOLE NO. ~74 

GROUND ELEV- 144.8 

CLAY.S~NDY.OK.GP.-TAN.STI~F.MJi. 

CLAY.TAN-GR.ST!FF.MOiST.tALAS. 

E24 



bFAST BRIOGE FOLlNOATlU~ ANO SUIL TEST PROk - 224168 VER l.8 NOV 87 

PROB I CONTD) 
2165 (NQfE: NO SOIL IS UlSKE:GAKDED FOR STRENGTH ANALYSIS) 

COUNTY­
HIGHwAY NO.­
CONTROL­
PROJECT NO.­
DATE-
GRD. ELEV.­
DISTIUCT- 12 

D 

HARRIS 
US-290 
0050-06-033 

04/17/90 
144.2 

s 
A TAT 

ORl LLING kE:PURT 

STkUCTURE­
HOLt NO.­
STAT ION­
OFFSET­
COLJED 8Y­
GRD. ~ATER 

US-29u CYPkESS BYPASS RET. WALL. 
w81 

1965+t>U.l.J(J 
JO.vO' 

PAZ 
ELEV• - 144. 2 

E F PEN PEN M N LAT- w ii: T 
p T .l.ST 2ND 
T oIN 6IN 
H 

0 
l 
2 
3 
4 
5 

JRILLER- MIKE BAHM 

p 

L 
E 

LI 

• 

l 

3 
4 

ULT 
PSI 

lJcN Mu I LL 
PCF i. i~ 

38 

PI 
I. 

DESCRIPTION OF MATERIAL ANO 
i<EMARKS 

CLAY,SANOY,TAN-GR,SOFT,MOIST, 
CALCAREOUS. 

- ENCOUNTERED BOX CULVERT 4.5' 

LOGGER- LOGGER AL FERRALL E 
TITLE- NGR. TECh Ill 

E25 



bFAST BRIDGE FuUNOATlON AND SulL TEST PRO~ - 224lbo VE:R 1.8 NOV 8 

PROB <CONTD> 
2165 <NOTE: ND SOIL IS OISRl:GARDED FOR STkENGTH ANALYSIS> 

SOIL STRENGTrl ANALYSIS Rl:SULT5 
OlSKEGARD TO cLEVATlO~ IS 1~4.~ Fl:ET 

HOLE NUMdER W81 

STKATA 
NUMBER 

ELEVATION 
-FEET-

FROM TO 

l 1'14.2 139.2 

DESIGN 
STRESS 
OF SOIL 

TONS/SQ FT 
p E: I< ST RAT 

v.oo 

ALLOWABLE 
STATIC 

FkICTIONAL 
RE.SI STANCE 

<OS J 
TONS pl: R FT 
OF PEldMETER 
PER ACCuM-

STRATI.JM ULA TI VE 

o.ov o.uo 

E26 

~EDUCE 0 
ALLOWABLI: 

STATIC 
FRICTIONAL 
RESISTANCE 

------------------
PEK AC CUM-

SR STRATUM ULA TI VE 

o.7 u.vv o.oo 

POINT 
BEARING 

B EAR S T RE NG TH TA 
FACTOR SNC TO 

PEr 
NC TONS/ SOFT RA 

3.62 o.oo Q. L 



CC~NTY HARRlS 
HIGHWAY NO US-290 
CONTROL 
1PE 

OIJSC-05-033 

LOG THO PEN. Tf.ST 
NO. Cf' DtOWS 

DRILLING LOG 

US-290 tVPRE55 BYPASS RET. riALL· TH~ DIST 
w81 DATE 

;9135 .. so.co GRO. ELEV-

12 
04/17 /90 

1·11-2 

STRUCTURE 
HOLE NO 
ST ATJ Off 
LOCATION oc.co· G~O.WATER ELEV· 144.2 

DESC~JPTlO~ OF t1ATf.P.JAl 
ELEY 

Ft. iST 6' ' 2tl0 s• 

'ETHOC 
OF 

cc1m1r. 

•REMARKS• 

DRILLER MIKE BAHM LOGGER LOG!'>tfl AL FERRALL E. TITLE NG~. TE.CH Ii I 

E27 



~ 
00 

0 
0 

ab. 00 
""-!· 

1 • 00 
TONS/SOFT 

2.00 3.00 4.oo s.oo 6.oo r.oo s.oo 
·~ 9 9 9 ©ACCUMULATIVE ALLOWABLE STATIC FRICTIONAL RESISTANCt 
:A & A A AACCUMULATIVE REDUCtD ALLOWABLE STATIIC FRICTIONAL RESISTANCE oJ · : ·----DESIGN STRESS OR 1/2 SHE.AR STRENGTH ClF SOil 

': : :x X X--X-XPOINT BE.ARING STRENGTH 

~ ......... ~ ......... ; ......... P.1.s~~9.A.RP . . r9. ~~f-YAJ.I 9~1 . . 1.4_4: .2 ... f.Err ......................... . 

' ._01 

LL': 
'<!" 
-..t· z,_ 

1--1 

z 
00 ..__.. c: ._N <(:.: 
> 
LLl 
_ _J 

wo 
0 . 
0 
"I:)• 

0 
0 . 

................................ " ............. "' ••••••••• "' •••••••••••••••••• " ........... 'I ......... .. 

. ~·· ........... ~······ ......................................... ,. ..... ~ ........................ , ......... .. 

l I I I .----·· -·-------, 

00 

2.00 3.00 4.00 .oo 6.QQ I r.oo s.oo 9.00 

COUNTY HARRIS 
HIGHWAY NO US-290 
roNTROL 0050-06-033 
lPE 

TONS/FT OF PERIMETER 

STRUCTURE US-290 CVPRt5S B~PASS RET. wALL· THD DlST 
H~LE NO W81 DATE 
STATION 1965+80.CO BY 

LOCATION oo.oc· 
-------------------------·--------

: 2 
04/17/DO 

PAZ 

11 
D 

0 
1--l 

!/ 

)> 

rn 
:::0 
1--1 

)> 

v 
:::0 
D 
v 

'1 
~: 

,,-0 
-I 
1--1 

rn 
Cf) 



TEST HJLE NO. w8l 

GROUND ELEV. 144.2 

CLAY.SANOY.TAN-GR.SCFT.MJi.tALCS-

E29 



tL../'\""'..J uc.r,.:..r...11·1c:..1't1 ur 11.v11n.M.1..J Mt•u lVU'-"-'"' '",...1•...Jtv1''"""''""u'• 

j FA ST BRIOGE FUUNOATIUN ANO SOIL TEST PROG - 224168 VE:R l.B NOV 87 

PROB <CONTD> 
ll65 lNOTE:: NO SOIL 15 ~ISkEGAKUEQ FOR STRENGTH ANALYSIS> 

DRILLlNC. REPOKT 

COUNTY­
HlGHWAY NO.­
CONTROL­
PROJECT NO.­
DATE-
GRO. ELEV.­
DISTRICT- 12 

0 
E F PEN 
p T lST 
T 61 j\j 

H 

0 
l 
2 
3 
4 
5 
6 

HARRIS 
US-290 
0050-1.)6-033 

04/17/90 
147.2 

s 
A TAT 

PEN M N LAT-
2ND p 0 ULT 
6IN L . PSI 

E 

l o- 7 
2 o- 18 
3 o- 38 
4 o- 17 
5 o- 42. 
6 o- 47 

URILLER- MIKE BAHM 

wE T 
OE:N 
PCF 

131 
137 
139 
137 
13b 
138 

STKUCTuRE- J5-L40 CYPRESS BYPASS RET. WALL. 
HOLi: NU.- wtl2 
STATION- l962~o5.00 

OFFSET- 00.00 1 

CODED BY- PAZ 
GRO. wATER ELEV.- 147.2 

MG! LL PI UESCRIPTICJN OF MATERIAL AND 
I. 7. I. KE: MARKS 

21 CLAY,SlLTY,TAN-GR,SOFTtlFILL-
lb 41 MATEK.iAU.- STIFF. 
18 - V.STIFF. 
11/ 45 - STIFF. 
15 - V.STIFF. 
14 - l:NCOUNTERED STORM SEWER 5.~· 

LUGGER- LOGGER AL FERRALL I: 
TITLE- ~GR. TECH Ill 

E30 



~FAST BRIDGE F.,W.:JNOATION AN() SOIL TE.ST PRoi.a.,.- a4168 I/EK l.8 N(JV 87 

PROB (CGNTO) 
2165 (NOTE: NO SOIL IS DISRE:GAkOED FOk STkENGTH ANALYSIS> 

SOIL ~TRENGTH ANALYSIS RESULTS 

HOLE NUMbER Wo2 

STRAT CEN- PEN SOIL wET 
ELEVA TI ON THICK TkOIO UNIF. TEST COHES OE:NS It-.T. VARIANCE: TAT 

) TRAT -FEET- NESS OEP TH 5 OIL BLOWS/ TE ST LBS/ LBS/ FRIC --------------
NUM. FROM TO FEET FEET CLASS FOUT CONST SOFT CUFT ANG• PEAK AVG RATIO 

l 14 7 141 6.0 3.0 CL 1751 136 o.o d.8 6.3 3.9 

E31 



''-"'"'...> ucrH"l•·1&...1'tl ur 11~v11nMtJ '"'''IJ rvu~.&." •"~''""'...,"'""''4un 

GFAST BRIDGE FOUNDATION AND SOIL TEST P~OG - 224168 VEk 1.8 NUV o7 

PROB <CONTD) 
2165 (NOTE: N~ SOIL IS DISkEbARDEO FUk STRE~GTH ANALYSIS> 

SOIL STRENGTH ANALYSIS RESULTS 
DISREGAKU TO cLEVATION IS 147.2 FEET 

rlOLE NUMt3ER ~82. 

STRATA 
NUMBER 

ELEVATION 
-FEET-

FROM TD 

l 147.2 141.2 

lJESIGN 
STRESS 
OF SOIL 

TONS/SQFT 
PER STRA T 

0.44 

AL.LOWAbLE 
STATIC 

Fk IC T ION AL 
RESISTANCE 

ms) 
TGNS PER FT 
OF PERIMETER 
PER A CC UM-

STRATUM ULATlVE 

2.63 2.63 

E32 

REDUCED 
ALLOwAt;Ll: 

STATIC 
fRICT IONAL 
RESISTANCE 

------------------
Pt:R AC CUM-

SR STRATUM ULA Tl VE 

0.7 1.84 1.84 

POINT 
BEARING 

BEAR STRENGTH 
FACTOR SNC 

NC TONS/SQ FT 

3.62 o.ou 

TAT 
TO 
PEN 
RAT 

o.u 



DRILLING LOG 

COUNTY HARP.JS STRUC!URE US-290 t~PRESS BYPASS P.[T, wALL. TH!:l !)] ST i2 
HIGHWAY NO US-290 HOLE. NO wa2 DATF. 04/17 /90 
CCIHROL OOS0-0?-033 STATION i962+65.CC GP.D. Ei..EV. l •17. 2 
l PE LOCATION oo.oc· f.P.!>. i4A TF.P. Ei..E V • 1·i7.2 

ELEY LOG lH!l !'E.N. TEST "f:THOt 
NO. OF BLOWS OES~~!P!!Off OF HATF.P.IAL OF 

Fl. lST 6' ' 2HO 5' CCf\IH1' 

l 47 .2 0 c 
'~~ Ci.AV. SIL TY. TAtt-1.>P.. sorr. (FJLU. 
~ ~f::: 
~ R.· 

'~ ~ ~ r:::R 
~~~~ 
~~Rf:: 
~~ ~~ 
~~~R 
~~~~ 
~~~f::: 
~ ~f:l~ 
~~RR 
~~~f'l 
~~~ ~ 
~ ~~~ -
~ ~ ~ ~ 
~ ~ ~ ~ 
f:::\~ 
R ~ ~~ 
~\~ 
~ ~ ~ ~ 
~~~~ -
R~~ ~ 
R\~ 

~ ~ 
' ~ ~~~~ 
~ ~ 

~~~~ 
~ ~ -,... ~ ~ 

R~F;~ 
R ~ 
~~~~ 
R~~~ 
R\~ 
R~~~ 
R\~ -
R ~>:: ~ 
~\~ 
R~~~ 
R\~ 
R ll:~ ~ 
~\~ 
~ ~ -

•REMARKS1 

DRILLER Ml KE BAHM LOGG£R LOGGE~ AL FE~RALL f. T1TU. NG~. TECH I tl 

E33 



l"T'1 w 
..i::-

0 
0 

·-~r 00 o" 05 

TONS/SQFT 
0.10 o.i5 0.20 o.2s 0.30 0.35 o.4o o.45 

·C9 S 0-9-€)ACCUMULATIVE ALLOWABLE STATIC FRICTIONAL RE.SI STANCE 
:A A A A bACCUMULATIVE REDUCED ALLOWABLE STATIIC FRICTIONAL RESISTANCE oj · · · DESIGN STRE.SS OR 1/2 SHEAR STRE.NGTH OF SOIL 

C: : :x X X-x--¥-POINT BEARING STRENGTH 
~ ......... : ......... : ......... P.1.S~.E~.A~P. JP. ~~~YA!.1~~- .1.4!:.2 ..• f.E.E) ......................... . 

~o 
LL C: 

(.() 
"\/'' 

Z.-
........ 

:z 
00 
I- 0 
-I • 

I-~ <(:: 
> u.; 
_J 
wo 

0 . 
N 
~ 

. : : I : . . . ., . 
. . 
. . . .. . 

: . . : .......... I . : : : : ... : ...... :·. . • I . ·-~~~ .: ...... : ........ :........ .. . : : : . 

..... ~· ~~.:.___ : : . . . .. .. . . . .. . . ,, 

: ,:"-- . . ................ .. . ....._ ........ "'-.. . . .. . '-, .. -· . "-" ...... . . . ...... ' . 

. . . . . . '-, . . ·•· .. . .. . ~'-'... .... 

.. . . . .. . :-..._ . .. .............. .. 

. "~... . . ·~ .. ................... : ......... : ......... ·.~···:··· 
' 

() I 
; I I 
-o.oo Q.40 Q.80 

.----- --, I .------·-·------, 

COUNTY HARRJ5 
HIGHWAY NO US-290 
GONTROL 0050-0~·033 

lPE 
----.~··---------~···---·-----~ .... ·-~-------

1.20 1. • 2.40 2.so 
TONS/FT OF PERIMETER 

STRUCTURE US-290 CYPRESS BYPASS RET. ~ALL. TH~ DIST 
HOU. NO WS2 DA TF. 
STATION 1962+65.00 OY 

LOCATION OD.CC' 

3.20 3.60 

i 2 
011/17/90 

l'AZ 

11 

c 
z: 
0 
~ 

3: 
)> 

rn 
:::::0 
1--1 

)> 
I 

u 
:::::0 
0 
IJ 

I 

AJ 

1--1 

rn 
(/) 



TEST HOLE NC. W82 

GROUND ~LEV. 147.2 

CLAY.SILTY.TAN-GR.SOFT. <FILLJ. 
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lC:A#"\.J: \.,IC.f'k"tl1{_t'lfl ut• t1J.VftnHt-> 1-\f~V fVU4....\.\., •"...,.".J• V"'-tl"'\t 4U11fl 

;FA ST BRiuGE F~uNOAiIUN ANG SOIL TEST PRO~ - 224168 VER 1.8 NOV 87 

PROB (CONTD) 
2165 (NOT~: NC SOIL IS DlSk~GAKDt:J FOR STRE~GTrl A~ALYSIS> 

OklLLlNG RtPURT 

COUNTY- HARRIS 
HIGHWAY NO.- US-29u 

STl<UCTURE­
Hl.JLE NO.­
STAT ION­
OFFSET­
COOED BY­
GRD. WATER 

US-Zi1v CYPRESS 
W83 

BYPASS RET. WALL. 

CONTROL- 0050-06-033 
PROJECT NL.-
DATE- 04/17/40 
GRD. ELEV.- 146.3 
DISTRICT- 12 

s 
D A TAT 
E F PEN PEN M N LAT-
p T lST lNO p 0 LILT 
T 6IN blN L • PSI 
H E 

0 
l l 
2 2 o- 16 
3 3 
4 4 \i- 26 
5 

)KILLER- MIKE BAHM 

wE T 
UEN l10l LL p I 
PCF l 7. z 

1951:1+50.0(J 
oo.vo• 

PAZ 
ELt:V.- l4b.3 

OE SCRl PT ION OF MATERIAL 
REMARKS 

AND 

16 CLAYtSILTY,TAN-GR,STIFF,<FILL 
ll't 16 37 MATERIAL>• 

- GRAVEL. 
U.5 17 39 

- ENCOUNTERED 

LOGGEI<- LOGGER AL FEKRALL E 
TITLE- ~GR. TECH III 

E36 

STORM SEWER 4.2' 



,;;FAST ~RIDGE FOUNDATlUN ANO SLllL TEST PKOG - Z24lol:I VER l.1:1 NOV 87 

,/ ./. 

PROB <CONTD) 
2lb5 (NOTE: ND SOIL IS Ul5KfGA~UE) FOk STkENGTrl ANALYSIS> 

SOIL STRcN&TH ANALYSIS RESULTS 

HOLE NUMBER W83 

ST RAT CEN- PEN SUIL WET 
ELEVATION THICK TROIO UN If• TEST U.JHES DENS INT. VARIANCE. TAT 

)TRAT -FEET- NESS DEPTH SGIL BLOWS/ TEST LBS/ LBS/ FRIC --------------
NUM. FROM TO FE:ET FE.ET CLASS Fu OT CONST SOFT CUFT ANG. PEAK AVG RATIO 

1 140 141 5.0 2.5 CL 148 7 lllt {;. u 

E37 



• t:. A ;.:... ....) LI c: r ""'r-. t ,., c. 1"4 t u r 1 , • v' 'n k t ..J ,..,, , .. u r vu.._ J. v t """' '" .J • u"" ' - • • u '' 

FAST bKIUGE FOUNDATION ANO ~uIL TEST PROG - LL4lo8 VER 1.8 NOV 87 

PROb (COiHD> 
2165 <~OT~: N8 SOIL IS DISKE:GAKDEJ FOR STRENGlrl ANALYSIS) 

SOIL STRENGTH ANALYSIS RESULTS 
~ISRE~ARO TO ELEVATION rs 146.3 FEET 

HOLE NUMBER W83 

STl(ATA 
NUM6ER 

ELEVATION 
-FEET-

FKGM TO 

l 146.3 141.3 

DESIGN 
STRESS 
OF SOIL 

TONS/SQFT 
PE: R ST RAT 

u.37 

ALLOWABU: 
ST A TIC 

Fl<.ICTIONAL 
RESISTANCE 

<DS > 
Tl.INS PE.R FT 
OF PERIMETER 
p E: I<. ACCUM-

STRATUM ULATIVE 

1.86 l.bb 

l<EOUCEU 
ALLOwA6LE 

STATIC 
FiUCT IONAL 
k.ES IS T ANc.E 

------------------
PER AC CUM-

SR STRATUM ULA Tl VE 

0.1 l.3u 1.31.1 

POINT 
BEARING 

BEAR STRENGTH 
FACT Ok SNC 

NC TONS/ SQ FT 

3. b 2: v.oo 

TAT 
TO 
PEN 
RAT 

o.o 



DRILLING LOG 

C!JUNTY HARRIS STRU(.TURE US-290 (,VPnEss BYPASS P.[T. llALL. TH:> !:11 ST i2 
HIGHWAY NO US-290 HOLE ~O WG3 DATF. 04/17 /90 
C!Jf!TROL 0050-0S-033 STAT!O~! i9S9+5o.oo GP.!). ELE~- 146.3 
1 !'E LOCATJ OM oc.oo· r.~!).w/Alf.R ti.EV- i '1fj.J 

E.lEY l.OG 1H:l ~Eft. TEST "EtH:lC 
No. CF BLOWS OESC~tPTJON OF HAlERIAl OF 

FT. iST ii' ' 2tto s· CCf\JNt. 

145-3 0 c 

~;:: ~~ 
Ci.AY.SJlfY, TAIHiP..STJFF. <FILL!· 

Sl R~ 
'R:: \ 
f:::::: f::~ 

l ~~ ~~ 
~ Sl ~~ 
~R:: ~R:: 

f::: R::~ 
~~ ~~ 
'Sl R::~ 
~R:: i:::R:: 
~ Sl ~~ I 
~R:: f\ 
~ii: i:::~ 
,R:: \ 

r:i, i:::~ 
'R:: ~~ -
~~ f:: ~ 
'~ ~~ 
~f::: i:::~ 
~~ ~~ 
~f::: R~ 
~~ ~~ 
'f::: i:::' 
~R:: ~~ 
\!::: R::~ -

R::~ 
~R:: R~ 'f::: 
~~ R::~ 
~r:i, ~~ ~ 
'R::~ 
~ f::i::: 
~f:::i:::~ 
\R::~i::: -ii:~~ 
~R::~ ~ 

f:::~ ~ 
\\i::: 
~f:::~ ~ 
~R::R ~ 
~f:::~ ~ 
~\~ 
~ t\ -

•REMARKS1 

DRtLLE:R HIKE BAH!-1 LOGCrR LOGC[R AL Ff.RRALL E TtTLE. NGR. TECH II l 

E39 



~ 
0 

0 
0 

di. 00 
TONS/SOFT 

o. 1s 0.20 o.2s 0.30 o.35 o.4o a.AS o.os 0.10 
lf') ·-----------1-------'------'-----__,__----.,--:'-- ____ . _ _] 

-C9--€H9-9--€)ACCUMULATIVE ALLOWABLE STATIC FRICTIONAL RESISTANC[ 
:A A A~ ~ACCUMULATIVE REDUCED ALLOWABLE STATIIC FRICTIONAL RESISTANCE oJ · · · DESIGN STRESS OR 1/2 SHEAR STRENGTH OF SOiL 

C: : :x X )( X ><POINT BEARING STRENGTH 
~ ......... : ......... : ......... P.J .s~~~-A~P. !P. f.~f~YAJ.I P!( .1.46: .3 ...... .T. ........................ . 

'o 
1-o 
LL • 

tO 
...:-z,_ 

i---.4 

zo 
Do 
~. 

I-~ <,_ 
> 
IJ..j 

_Jo 
LUO . 

N 
-;t· 

01 
0 . 

. . . . : . . 

. : : : : ...... : ........ .. . . ..... . . . . ..... ~ : : : ...... : ............ . '~: · ............ . 
... :;..,_,, .. .. .. . . . 

. . ... 

. ' . . 
....... '-.."'-.;~ ~ : ... :.. .. : ·: : 

''""'-,,~: . . . : . . . .. . .. : .. .. : : . . ....... . . . .. :· . ·: . . : : : 
. 

~ • 2"' • 60 
-o . 0 0 0 . 4 0 ° . 8 0 

I • Ta N s I F T a F 
I 

.QQ 2.AO 2.80 3.20 .60 

COUNTY HARRIS 
HIGHWAY NO US-290 
CONTROL 0050-06-033 
rrt 

PERIMETER 

STRUCTURE US 290 CYPRESS BYPASS RCt. ~ALL. THD DIST 

HOLE NO W03 DATE 
STA rt ON i9S9+So.oc BY 
LOCATION 00.00 1 

I 2 
04117 /90 
PAZ 

----·-------------------------------------------------------------------' 

11 
0 
c 
z 
0 
t--1 

:z 
) 

)> 

rn 
::::0 
!--1 

)> 
I 

u 
::::0 
0 
u 

1 
I 

AJ 
!--1 

rn 
Cf) 



TEST HOLE NO. WS3 

GROUND ELEV. 146.3 

CLAY.SILTY.TAN-GR.STIFF. CFILLJ. 

E41 



ll-A ..... .J ~--·'"'"''•Cl ... Uf l•.&.Uilr\1-1.t.J l""\l;iJ r.JUL.•\,, .",....''..)ru"•'""'"'U'• 
FAST B~IUGE FOUNOAT10~ AND SOIL TEST PkOG - 22416b VER 1.8 NOV 87 

Pf<OB (CONTD) 
2165 (NOTE: NO SOIL IS LlSKi::GAkuED FuR STRE"'GTH ANALYSIS> 

COUNTY-
HIGHWAY NO.-
CONTROL-
PROJECT NO.-
UATE-
GRO. ELEV.-
DISTRICT- 12 

D 
E F PEN 
p T lST 
T • 6IN 
H 

0 
l 
z 
3 
4 
5 

uKILL1"4G i<.tPORT 

HAF<.RlS 
US-Z9v 
0050-vb-033 

04/17/90 
145.5 

s 
A TA f 

PEN M "' LAT- wt: T 
2ND p 0 ULT OEN 
61N L • PSI PCF 

E 

l 
2 o- 6 11('. 
3 o- 4 .LJ 6 
4 
5 o- 9 lU 

STRUCTURc-
HULE NLl.-
STATION-
OFF~fT-

CODED BY-
GRD. WATER 

Mu! LL Pl 
I. i. I. 

US-290 CYP kESS BYPASS RET. 
W84 
1957+25.uu 
00 oUU I 

PAZ 
ELEV.- l4t?.5 

DESCKIPTION OF MATERIAL ANO 
REMARKS 

21 CLAYtSlLTYtTAN-GR,SOFT,(FlLL 
i.b 38 MATERIAL)• 
L3 

36 
19 37 - FIRM. 

WALL. 

6 6 l& - ENCOUNTERED STORM SEWER 6 1 • 

KILLER- MIKE BAHM LOGGtR- LOGGER AL FERRALL E 
TITLE- NGR. TECH III 

E42 



tCAk...) l.IC.:t"f.\"fnCl'tl ur •~J..Vllf\kt..J 1'41'tU rUOi.....l.\..o lf\,Ml1..JfUf"\fttf.l\Jt't 

iFAST ~RIDGE FQuNDATlON AND SOIL TEST PKO~ - l24l68 VER 1.8 NOV ts7 

PROB (CONTD) 
2165 (NOTE: NG SUIL IS ~iSKi:GAKOEJ FOR STkENGTH ANALYSIS) 

SOIL STRENGTh ANALYSIS ~ESULTS 

HOLE NUMbER W84 

STRAT CEN- pi: fll SOIL hET 
ELEVATION TH !Ct<. TkOiu Uf,Jf. HST CuriES OENS INT. VARIANCE TAT 

:.iTRAT -FEET- NESS DEPTH S G 1 L bLO wS I TE ST LBS/ LBS/ FRIC --------------NUM. FROM TO FEET FEET CLASS FOUT CONST SQFT CUFT ANG. PEAK AVG RATIO 

l 145 139 6. (J .;.G CL "ibo llO o.o l • .:. o.a 4.l 

E43 



t~/\"".J lJL.rHl\.111 .... t<ft UI 114y110M.t.J Mf"'..J tVU1-4V '·"'""t'l.,Jl'l.,,Jl,tMJ4Ut' 

dFAST bRIO~E FQU~OATION ANU 5UlL TEST PRuG - 2L4168 VER 1.8 NOV 81 

PROB tCONTDl 
2lb5 (NOTE: NO SOI~ IS UlSkEGA~UE) FOR STKENGTH ANALYSJSl 

SOIL STkENGTH ANALYSIS RESULTS 
DISREbAKD Tu tLtVATION IS 145.5 FEET 

HOLE NUMBE K W84 ALLOWABLE RE OU CEO 
STATIC ALL Ow ABLE: 

Fk ICTIUNAL STATIC 
i\ESlSTANCE FiUCTIONAL POINT 

DESIGN ( 05) RESISTANCE BEARING 
STkESS TUNS PER FT ----~------------ BEAR S TRt NG TH TAl 

STRATA ELEVATION OF SOIL OF PERIMETER FACT Ok $NC TO 
NUMBER -FEET- TONS/SWF-T PER A CC UM- PER AC CUM- p Et\ 

FROM TO PEk STRA T STKATUM ULATIVE Sk STRATUM ULATl'IE NC TONS/SQ FT RAT 

l 145.5 139.5 u.12 u.7v ll.7v 0.1 0.4~ 0.49 3.bl o.uu 0. (J 

E44 



DRILLING LOG 

(,OUN TY HAR!'?J S Sf!WC.!URE US-290 (,VPRESS B'IPASS P.El. if ALL. TH~ !)} ST i2 
HIGHWAY NO US-290 HOLE 1-IO wS4 DATE 0'1/17/90 
cmHROL ocso-o~-033 STATION ;057+2s.oc Gf?D. E.i..EV • I ·~S. 5 
ll'E LOC.AJJON oo.oc" r,rm. WATER [LEV. i .rn.s 

Ei.£1 LOG THO !'EN. TEST 'f:.TH:JC 
NO. CF BLOWS DESC.~JPTJO" Cf tlATF.P.JAL OF 

Ft. !ST 6' • 2MO '3' C.~l:::t NG 

1i1s.s o c 
"~ '~ Ci..AY.SH.Il. l'AN-G~.sm To (fJLll • 

R!::: \::~ 
~~ ~~ 
~!::: \ I\ ~!:: f\ ~~ I\ ~~ 
~!::: \ 
F::~ \ I\ ~~ 
F::~ \l I;: 
~~ ~~ i\ R~ 
F::!::: F::~ -F::~ R!:: 
R!::: ~~ 
F::;:: R 
F::!::: F::~ 

~~ R~ 
~!::: ~!:: 
~>:: \l ~ -~!::: R~ 
F::~ N~ 
~!::: ;:;:!:: 
F::>:: N~ 

~!::: F::~ 
~F:: R~ 

~!::: N~ 
I\ R~ -
\ ~~ 
~~ R~ 
~!::: F::~ 

~~ 
~fl: ~F': 
~!::: R~ 
~>:: F::~ -
~!::: R~ 
~~ N~ 
'!::: ~~ ~R 
~!::: f'::N 

~~ R~ ~f':: 
-~ i:I, -

•REMARKSt 

ORI LLER MIKE BAHM LOGGER LOGGER AL FERRALL F. TITLE NG~. TECH l I I 
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52 
Cl 

0 
0 . TONS/SOFT cx:0.oo 0.02 0.04 0.06 o.oa o. 10 0.12 o. 14 o. 16 o. 1s 
~· _ ______j 

·~ 9 9 ©ACCUMULATIVE ALLOWABLE=. STATIC FRICTIONAL RESISTANCE 
:£,\A A AACCUMULATJVE REDUCED ALLOWABLE STATIIC FRICTIONAL RESISTANCE 

o i ·--- DE.SIGN STRESS OR 1 /2 SHE.AR STRENGTH OF SOi L 
C: j' : : X )( )( ~ P 0 1 N T BE AR I NG S T RE.NG TH 
~ ......... : ......... ; ......... P.1 .s~~~A~P. !P. ~~f.y ~.T .19~1 .. 1.4_5: :5 ... rrrr. . . . . . . . . ............... . 

• 
1-0 
LL C: 
~ 
~· z,_ 

1--1 

z ao 
0 

lo--! ' 

1-N <"¢ 
>.-

. . 
. I • • : . . . . . .. 

. : : i: : ....... : -~· : . : .. .. : .. : ... : . '-.....;---..._ . . . . :~~~~:~· : .. .......... :~. 

w 
_J 
wo 

0 . 
0 
~· 

.... ~· L·. ~. , * * • f • • • 

• • • • • t • 

• • * ~ • • t . . . . . '· . . ......_. 
• • • • .. • • .. • • • • • .. • • • ' • .. • • • .. • • • .. • .. • • • • • .. .. .. .. • .. • • .. • • .. • • • .. • '>""-t • • .. • • • • • • • • • .. • • • • • ~ • • . ~ . . ' """"' ' ' . . ' . . . . . . . ' . . ' ~ 

01 
; 1 I 
~o.oo o.os o. 16 

I 
.24 Q.32 Q.40 Q.48 

I 

COUNTY HARnIS 
HIGHWAY NC US-290 
CONTROL 0050-0~-0J3 

I Pt 
-----·~---- .. ----···----------···· .. -----

o.56 
TONS/FT OF PERIMETER 

STRUCTURE US-290 CYPRESS BYPASS RtT. wALL. THD DJST 
HOLE NO W84 DAT~ 

STATION 1957+25.00 BY 
LOCATION oo.oo· 

i 2 
04/17/90 

PAZ 

.72 

11 

t--i 

)> 
-l 
rn 
::::u 
t---1 

)> 

-u 
::::u 
0 
u 

I 

A] 
·-1 
1--1 

rn 
(f) 



TEST HOLf NO. ~84 

GROUND ELEV. 145-5 

CLAY.SILTY.TAN-GR.SOFT, CFILLJ. 

E47 



bRIDG~ FOU~OATIDN ANO SOIL TE)T PKOG - 224lbb YER 1. 8 NOY 8 7 

PROB (CONTD> 
2165 (NOTE: NO SOIL IS ~ISKtGAKDEU FOR STKtNGTH ANALYSIS) 

DRILLil\l> REPOKT 

COUNTY- HARRIS 
HIGHwAY NG.- US-29U 
CONTROL- 0050-06-033 
PROJECT NC.-
DATE- 04/17/90 
GRD. ELEY.- 145. l 
DISTRICT- 12 

s 
D A TAT 
E F PEN PEN l'I N LAT-
p T lS T ZND p 0 ULT 
T • bIN 6IN L • PSI 
H E 

0 
l l 
2 2 
3 3 o- 9 
4 4 u- 17 
5 5 
6 

1RILLER- MIKE: BAHM 

STr<.UCTURE- US-290 CYPkESS BYPASS f<.ET. WALL. 
HOU: NO.- "85 
ST AT ION- 1954+25.00 
OFFSET- Ou.OO' 
CODE:O ciY- PAZ 
Gk.U. wATER ELEY.- 145.7 

,, ET 
iH:f'.l MDI LL Pl Ot:SCRIPTION OF MATERIAL Aflj0 
PCF I. I. I. REMARKS 

l7 CLAY,SILTY,TAN-GR,FIRM,GRYL,(FILL 
lb 40 MATcRlAU • 

109 lo 
115 15 - STIFF. 

19 34 
- ENCOUNTERED 

LOGGER- LOGGER AL FERkALL E 
TITLE- NGR. TECH III 

E48 

STORM SEWER 5.3' 



IC:Ak;) l.it:t'AKlf1t:.l~I ur nivnlf>AI.) k•~t.J rUOL..ll... IKA1'1.)t'U"-lkl.l.U•• 

:>FAST BRIDGE FOUNDATION ANO SOIL TEST PRU~ - 224108 VER 1.8 NUV 1>7 

PROB (CONTD l 
216~ lNOTE: ~O 501~ IS UISKEGA~DEO FOR STRENGTH ANALYSIS) 

SOIL STRENGTH ANALYSI~ ~ESULTS 

HOLE NUMBER W85 

STRAT 
NUM. 

1 

ELEVATION 
-FEET­

FROM TO 

l4b 140 

ST KAT 
THIC;( 
NESS 
FEET 

b.O 

CEN­
TkUIU 
DEPTH 
HET 

PEN 
UN!f-. Tl:ST 
S 0 IL oLOWS I 
CLASS FOUT 

Su IL 
CuHES 

TEST LBS/ 
CONST S<.;F T 

WET 
IJENS 
LBS I 
CUFT 

INT. VA~IANCE TAT 
FRIC --------------
ANG. PEAK AVG RATIO 

3.0 CL 95v 112 v.o 

E49 



3FAST BRIDGE FOONOATIUN ANO SOIL TEST PRLiG.. - 224168 VER 1.8 NiJV 87 

PROB (CONTD J 
2165 (NCTE: NG SOIL IS DlSREGAKOED FUR STkENGTH ANALYSIS) 

SOIL STRENGTh ANALYSIS R~SULTS 

OlSkEGARO TO ELEVATION IS 145.7 FEET 

HOLE NUMBER W85 

STRATA 
NUMBER 

ELEVATION 
-FEET-

FKOM TO 

l 145.7 139.7 

DESIGN 
SH.ESS 
OF- SOIL 

TONS/SQFT 
PER ST RAT 

u.24 

ALLOwABLE 
'.:>TA TIC 

FRICTIONAL 
RE::ilSTANCt: 

lDS J 
TUNS PtR FT 
DF PERIMETER 
PEk ACClJM-

STRATUM ULATIVE 

l.tt3 l.43 

E50 

REDUCED 
ALLOio.Ai>LE: 

STATIC 
FRICT lONAL 
RESISTANCE 

------------------
PER AC CUM-

SR STRATUM ULATIVE 

G.7 1.uo i.oo 

POINT 
BEARING 

BEAR STRENGTH TAT 
FACTOR SNC TO 

PEN 
NC TONS/ SQ FT RAT 

3.b2 u.oo o.o 



DRILLING LOG 

C.QUNTY HARRIS STRUPURE US-290 tVPRESS BYPASS P.CT. wALL· THD DlST i2 
HIGHWAY NO US-290 HOLE. NO was DATE 04117 /90 
C~~HROL OOS0-05-033 STATl O~! iS54+2s.cc GP.;). ELEV· 145.7 
l PE LOC~T ION. co,:c· GP.:J.wATER £Lf.V. 145.7 

ELEV LOG nm !>Etl • t EST 'Etlia[; 
NO. CF BLOWS OESC~IPrlON Of MATERIAL OF' 

FT. ISl 6' ' 2HD 5' CCIU NG 

I 4S .1 0 c 
'fl:~ \.I.AV.SILTY. TAN-GP..flP.l'1.l;P.VL. ll'llll. 
~ f:::~ 
~~~~ 
~~~~ 
~~~~ 
,f:::F::R 
~f::~R 
~~f:::~ 
~~~ 

~f::~~ 
~~~R 
~~~R 
'~~R 
~f::~~ 
~~~~ -
~~~~ 
~~~~ 
~~f:::~ 
~~~~ 
~~~~ 
~t:::~ ~ 
~~~~ -
~i::i ~ ~ 
~~~ 
~~~R 
~~~~ 
~~fl:~ 
~\~ 
~t:::~~ -
~~r;::~ 
~~~~ 
~~~~ 
~~f::~ 
~~~~ 
~ ~ ~ 
~\~ -
~ ~~ 
~ ~ ~ ~ 
~~~~ 
~ ~ ~ ~ 
~ ~~f'l 
~'~~ 

I ~ c.. -
•REHARKS1 

DRILLER MIKE BAHM LOGGER LOG!':fR AL FERRALL E TITLE. ~GR. Tf.CH Ill 

E51 



~ 

0 
0 . TONS/SOFT 
a:(),QO 0.04 o.os. 0.12 0.16 0.20 0.24 0.28 0.32 
~·4-~~~~~~~-+-~~~---'-~~~-l...~~~--1-~~~----I~~~~'--

0.36 
I 

· © 6 9 6 ©ACCUMULATIVE ALLOWABLE STATIC FRICTIONAL RESISTANCE 
'.&. .4.11 /2~ACCUMULAT1VE REDUCED ALLOWABLE: STAT I IC FRICTIONAL RESISTANCE. oj · · · DESIGN STRESS OR 1 /2 SHEAR STRE.NGTH OF SOi L 

': : :><><><~POINT BEARING STRE.NGTH 
~ ......... : ......... : ......... P.I.S_R~~.A~P. JP. ~~~YM'.I9tJ .. 1:1.5:.7.., f~:.f._T, .... , ................... . 

' 1-0 
LL C: 

'<:!-
-;!• z,_ 

~ 

z 
00 
~C: 
1-N 
<(~ 
> 
LLl 
_J 
wo 

0 . 
0 
-.;t· 

0 
0 . 
00 

I. : ... : . . . . . . ... . . . ... .. .. . . "'~ : ....... : ....... :.. ... ..... . . .. . • • . ··~····.·· : . : : 
........ ~· . . . . ... 

... : ~ . . . . ··············· : : ~"--:. · ... -...._ ............... ,, : . ..~ ......... ........ : ......... : ......... . 

' . . . ~ . 1· -.....--...._ . . : 
......... : ......... : ......... : ......... : ............. ,.: ......... : ...... ~: ......... : ......... . 

. . . . ':1. . "'t!l . ' 
., • ' • f • • • • • 

~---~~~.,__~~-...~~~--~--~--~~~--~~~--~·~--~--- --, 
0 • 00 0. 20 0. 40 0. 60 0. 80 1 . 00 1 . 20 1 . AQ i , 60 1 . 80 

--------

COUNTY HARnJs 
HIGHWAY NO US-290 
CONTROL 0050-0~-033 

I Pt 

TONS/FT OF PERIMETER 

STRUCTURE US-290 CYPRESS BYPASS R[T. WALL· TH~ DJSt 
HOLE. NO w85 DATF. 
STATION 1954+25.00 B~ 

LOCATION 00.00 1 

i 2 
04/17/90 
f'>AZ 

---------------------------~-------------~~-~--~~----------~-~---' 

11 
0 
c 
z 
0 
~ 

z 
) 

::::s: 
)> 
-l 
rn 
:::0 
1--t 

)> 
r 

u 
:::0 
0 
u 

1 
.I 

>O 
·-l 
1--1 

Cf) 



TEST HOLE NO. w85 

G~DeNo ELEV. !45.7 

CLAY,$!LfY,TAN-GR,f!11:1.GRVL. <FILU. 

E53 



lt:AM.) uc:.r:µ,"'''L:.'•' ur lt.LVflf"tkl,J '"''"V t"VOL..J.V t1'kt'i,.;Jf'l.J"l~l.l.U•~ 

bkluGE FOu~DATlON ANu SOIL TEST PROG - 224100 VER l.8 NOV 87 

PROB (CONTD) 
2165 (NOTE: NU SOIL IS OIS~EGAKDED FOk STRE~GTH ANALYSIS> 

COUNTY-
til GHWAY NO.­
CONTKOL­
PROJECT NU.­
DATE-
GRO. ELEV.­
DISTRICT- 12 

D 

HARRIS 
US-l90 
ooso-oo-u:n 

04/ l7 /9\J 
142.; 

s 
A TAT 

iJRl LL IN\. REPURT 

STkUCTUKE- us-2~0 CYPRESS BYPASS RET. WALL. 
HOLt NO.­
STATION­
OFFSET­
COIJi:O BY­
GklJ. WATEI< 

w9l 
l97v+Lv.vo 
ov.uo• 

PAZ 
ELEV.- 142.5 

E F PEN PEN M N LAT- wE T 
p T lST ZNO p 0 ULT 
T . 61N blN L • PSI 
H E 

0 
1 l 
2. 
3 
4 
5 

,RILLER- MIKE BAHM 

lJ l: r<I Mul LL PI OESCtUPTION OF MATERIAL AND 
PCF I. 4 4 REMt. <:< '.:> 

CLAY,SANOY,MULTICOLOREO,SOFT,MOIST. 
CALCAREOUS. 

SANO,F-MtDtTANtLOOSEtMOIST. 

LOGGER- LOGGER AL FERRALL E 
TITLE- NGR. TECH III 

E54 



tC./\1-4...) i.JZ:fhC'\.IJit.:.nc1 vr· l!Ji.Vftftl-\1..) Ht'fV r..JOL.J.\.. tl'\.J.-\4.'4..)f"U"lMIJ.Ut~ 

iFAST BRIDGE FOUNDATION AND SOIL TE~T PROG - 224168 

PROB <CONTD) 
Zlo5 (NOTE: NO SOIL 15 Ol~KE:GARDE) Filk STRtNGTH ANALYSIS> 

SOIL STRENGTH ANALYSIS RESULTS 

HOLE NUM!1ER W91 

ST RAT CEN- p E: N SOIL WcT 
ELEVATION THICK TRUIO UtdF. TEST COMES Dt:.NS INT. VARIANCE TAT 

) TRA T -FEET- NESS DEPTH SOIL BLOwS/ TEST LbS/ LBS/ FRIC --------------
NUM. FkOM TO FEET FEET CLASS FOOT CONST SOFT CUFT ANG. PEAK AVG RATIO 

1 l't2 138 4.0 i: • tJ CL 
2 136 137 1.0 4.5 UTHE 

;yzo9I VFNTH 
VF NTH 
VFNTH 

PROGRAM INTERRUPT - FLOATING-POINT DIVIDE EXCEPTION 
PS~ U78DOOOFA~l~46C~, REGISTER CONTAINS 42410000UOOOOOOOOOOOOOOUOOO~ 
LAST EXECUTED FOKTkAN STATEMENT IN PROGRAM LINHO AT ISN 40 (OFFSET 0 

,ACEBACK UF CALLING ROUTINES; ML~0~E ENTRY ADDRESS = 125C70. 

~HO (1503CG> CALLEO bY BFAST 
,GUMENT LIST AT 1261AC. 

(125C7Ul AT !SN l4b AT OFFStT uu~~Lb• 

ARG. NU. ADDRESS 
l 0012601C : 
l 801260CO : 

IN TE:GE:R 
19 

1116635136 

>~AST (l25C70) CALLED BY OPERATING SYSTEM. 

REAL 
o.ooov10E-78 
O.l4250UE+03 

fANDARO CORRECTIVE ACTION TAKEN. EXcCUTlON CONTINUING. 

ESS 

CHAR 
•••• 
•••• 

HEXADECIMAL 
00000013 
ft28E8000 



:IFA ST BRIDGE FOUNDATIU~ AND SOIL TE~T P~U~ - i24168 Vi:R 1.8 NOV d7 

PROB <CONTD> 
2165 {NOTE: NO SOIL IS OlSKEGA~UE) FOK STREhGTH ANALYSIS> 

SOI~ 5TkENGTrl ANALYSIS KESULT5 
DlSkEGARO TU ELEVATION IS 142.? Fi:ET 

HOLE NUMBER ~91 ALL Ow ABLE: REDUCED 
STATIC ALLOwABLE 

Fi<. IC TI UNAL STATIC 
kl:SISTANCE FiUCT IONAL 

uESIGN <DS J KESISTANCE 
STRESS TONS PER FT ------------------

STRATA ELEVA TI ON OF SOIL UF PERIMETEk 
NUMBER -FEET- TGNS/ SOFT PER AC CUM- f't R AC CUM-

FROM TO PEK S TK.AT STRATUM ULATIVE Sk S TkA TUM ULATIVE 

l 142.? 138.5 o.oo v.uu o.uJ iJ • 7 o.oo o.vo 
2 138.5 137. 5 u.uo o.uv o.oo 0.7 u.oo o.oo 

ES6 

POINT 
BEARING 

BEAR S TR= NG TH TAT 
FACT Ok SNC TO 

PEN 
NC TONS/SOFT RAT 

3.62 o.oo 0. (; 
4.29 o.oo 0. (; 



tOUNTY HARP.IS 
HIGHWAY NO US-290 
C:CIHROL 
l?E 

OC50-0?-033 

LOG THO PE"· TEST 
NO. Cf Bl Oi/S 

DRILLING LOG 

US-290 CYPRESS BYPASS P.ET. WALL· THO DIST i2 
W9l DATF. 0'1117 /90 

i970+2o.cc GRD. ELEV· 1 ·f2. s 

STRUCTURE 
HOLE. NO 
STATION 
LOC~!TON GP.D. wATf.R ELEV - J.12.S 

DESC~tPTIO" Of HAIEP.!AL 
£LEV 

fl. !ST 5' ' 2MD 5• 
tF 

CCF.tttr. 

c 

: .. : ·: 

ORI LLtR Ml t<E. BAH~ LOGGER LOGGER AL FERRALL E. TITLE. NGR. TE.CH l I I 

E57 



rn 
Q) 

0 
0 . TONS/SOFT u:e.oo i .oo 2.00 3.00 4.oo s.oo 6.oo 7.oo s.oo 9.00 
~-+-----l---~~~~-~~~·~--J--~~--L-~~--1-~~~---.1~~·----'--~~-----< 

·ID e e e ©ACCUMULATIVE ALLOWABLE STATIC FRICTIONAL RESISTANCE 
:A~ A & AACCUMULATIVE REDUCED ALLOWABLE STATIIC FRICTIONAL RESISTANCE 

0 
0 

--- DESIGN STRESS OR 1/2 SHEAR STRENGTH OF SOIL 
·XX XX XPOINT BEARING STRENGTH 

+J ......... : ......... : ......... P.l ~~~~.A~P . . T9. ~~f-YAJ.I ~~- .1 ~?: .5 ..• f~.E.T ......................... . 

·o 
1-o 
LL • 

(\j 
~ z: ..... • • • • • • .. • • t • • • • • • • • • • • • • • • • • • • ' • • • • • • • • • • • • • • • • "' • • • • • • • • .. • • • • • • • • .. • .. ~ ~ 'II • • • • .. • • • • .., * • • .. .. • • • .. .., 

1---4 

z:o 
Do 
........ . 
I-~ 
<.-
> 
l1J 
_Jo 
LLJO 

' 00 
I""> 

----·----, 6L 8 00 9.00 0 6 00 7.00 • .;, 4.00 s.oo. . . 
!'.20.00 1.00 2.00 3·¥iNS/FT OF PERIMEH.R 

COUNTY HARRIS stRUCTURE us-2go CY~RESS BYPASS P.£T. WALL. TH!J DIST i 2 
HIGHWAY NO US-290 HOLE. NO W91 DMF. 0,,/17/90 

CONTROL 00'50··0'>-033 STATIOn 1970+20.00 BY PAZ 
IN. LOCATION oc' "''"':t 

"Tl 
0 
c 
:z 
0 
1---1 

z 
GJ 

3 
)> 

fT1 
:::0 
!--I 

)> 

u 
:::0 
0 
u 
rn 
:::0 
-l 
1--1 

rn 
(/) 



Tf.ST H~LE No. w91 

GROUND ELEV. 142.S 

CLAY.SANOY.MU~T!COLORE0.$0FT.MOiST . 

• • Sr\ND.~-HE.D. rAN.1.-00Sf .Mo1::;r. 

E59 



fC./\1>-',.J LiC:.ihf"~Jt.lLl'tl L.I ilJ.VMr·~,...I...) -1.:...1 r'V:.li....1\... lr\.14.l''i.Jt'UK.IAl!Ul-. 

t=A ST &~luLE FGU~UATIU~ A~G SOIL TE~T ~~0~ - LG4lo8 Vi:K l.o NuV 87 

PkO& (CUNIUl 
Llb5 {NGH: l'iu )uh. I~ 1..d~t<t::GAKi./ciJ F'.Ji<. Sfi-.t:f.(,TH A~ALYSIS> 

COUNTY- HAkRlS 
HIGH~AY NG.- US-<:'.~U 

CONTROL- 005u-U6-Jj3 
PROJi:CT Nu.-
JATE- 04/17/~v 

GRD. E1...EV.- 14.:'..? 
uISTRICT- 12 

s 
0 A TAT 

GrU LL lt.i.> i<t.PUi<. T 

HGLt t.8.­
:::iT AT lOU­
OFF~d­

C(;i.Jt.:v av-

t>c9t:. 

l'1o'1-r6v.vu 
uu.uu• 

hU 

E F PEN PE:'. ~ N LAT- w E: T 
p T l" ~ JI 2 ;~ ;J p 0 ULT 
T 611'< o Ii'• L p '.> I 
H I: 

(: 

1 
2 
3 .i. 
4 2 u-
5 4 0-
fj 

7 b o-
~ 7 o-
9 9 v-

10 l. (.; v-
11 11 u-
12 14 v-
13 
14 lb u-
15 17 

1RILLEk- MIKE SAHM 

6 
1a 

14 

"l 
19 

'- l 
ll 
;:0 

17 

vb-. i"1G 1 :...L 
PU· I. I. 

lt.. 
13'.:I l.6 
137 15 

133 17 
l~ 7 17 
.1.30 15 
l.36 .::l 
135 16 37 
.I.£ 0 <!'. lt 

11e i.1 
2. t:. 

1-'l 
.. , 
1. 

ui:.SCi<lPT !UN UF MATERIAL AN[) 

rU:MARKS 

SAidJ, (CEMENT STAfHLIZED SA11aOJ. 

CLAY,SANUYtGK-TAN,SOFTtMOIST, 
CAL CA f<i:OUS. 

- Ftk. 

- STIH. 

- Fl RI'\• 

STIFF. 

LUGb~R- LGGGik AL F~KKALL l 
TlTLt- ~~R. TECh 111 

E60 



1 L r. ~..;. ._ ;.... ' - t. , • , L..,. a w r i • .&. \.. 1 • ,, ,...,. i .J ,.., 1, v .- >.J u .._ L \,,. t " ..... 1 '1 ...:> r v ,...,,, 1 M t i v 111 

;FAST V f: R l. d NOV o 1 

Pi<.Ob tCGNTD> 
..::165 (NOTE.: . .iL SOh. IS lilSr-i:.GAi<.L'!::O FJk STKi:NGTrl A!'llALYSlSJ 

SOIL ST~i:~GTH ~~ALYSIS RESULT5 

HOLE NUMBER W92 

SH~AT CEN- p C: N SulL r. E: T 
ELEVATillf\i THICK Tl<Olu ur .. It·. H.ST CiJhcS l.i i:~S INT. VARI Al\ CC. TAT 

> TRAT -FEET- NESS UEP Tri S ulL bLGwS/ TEST LBS/ LoS/ FklC --------------
:.iUM. FROM TO FEET FEET CLASS FCOT CONST ;:,t:.;f T Cl.JfT Al'iG. Pt AK AVG RATlU 

l 14Z 127 l?.v 7.? CL 

E61 



li:..../\H_, i..J\-( ..,,,.,i•·-·~· UI I J.vl•f .. ~\lJ Ml'-U r...;l.J'-..1\., l~l-\r-t..;ruKIMI J.U1• 

:iFAST VtR i.6 NLV o7 

(C(;ti!O) PRO!:: 
2165 (!H.iH.: .. c SulL 15 uiSr<i:.ul>ri.UtJ fJk STkt:N(;l:-i ANALYSbl 

SOIL STKE:NGTh ANALY~IS ~t:SULT) 

Dl)KE:GA~U TU ~Lt:VATILN 15 1~2..? f~~f 

tiOLE NUMoEK ri92. 

ST RA TA 
~WMl:lER 

EU:. VAT I Jh 
-FEET-

F K.Ur1 TL; 

l 142.~ 127.5 

ALL [Jr.; Ab Lt: 
)JATIL. 

Fi<.IC. TlUNAL 

r<t:uuCE:O 
ALLui'iAtH.E: 

.)JAT!C 
ki:.SISTA~Cc FKICT!UNAL 

OES!Gf~ !USl Kt~ISTAl-..Cc 

STkE:SS TU~S ~Ek FT ------------------
UF SLlL Uf PcklMET~k 

TLl~S/5<.iFT Pt!<'. ACCUM- Pi:k ACCUr.-
PE:K ST~AT JT~AT~M ULATlVE .)k SfKATUM ULATIVE 

4.43 3. lv 

E62 

POINT 
BEAklNG 

bEAk STRENGTH TAT 
FAC.TOk SNC TO 

Pi:N 
NC TUNS/SCJFT l<AT 

J.Ju v.u 



C.OCNTY HARfllS 
!H GHWAY NO US-290 
tDNtROL 0050-06-033 
l PE. 

ELEV LOG !H!l r£N. TEST 
NO. CF BLO\olS 

DRILLING LOG 

STRUCTUP.[ 
HOLE NO 
STA!YON 
\..OCAT I ON 

US-290 CYPRESS B!PASS RET. wAL\... TH' DIST 12 
04/17/iJO ~92 DATF. 

.ssg+~o.c: 

00. ()'.)' 

DESCP.JP!lOP. OF KA.TEP.JAL 

G~~- ELEV· 142.5 
GP.~.wATEP. E~Ev. :12.5 

'£tH:lC 
O!" 

Ft. 1s1 ~· · .rno ?' COl\JNr. 

c 

l.'.l 

•RtMARKS1 

DRl LLER Ml KE BAHM t.OGGER LOGGf~ AL FEP.!1ALL E TITLE NGP.. TECH II I 

E63 



0 
0 

...;a. cc •!-•+-­
··- l 

C.04 
I 

TON.S/SQFT 
o.os 0.:2 o. ;~ 0.20 0.2~ 0.28 Q.32 Q.36 

·---- -- _______ _L__ _____ _._. -----.------···-j 
· C9--©·-9··9-€J ACCUMULATIVE ALLOWABLE ST A l1 C FR I CT I ONAL RESISTANCE 
:·1-Air-.b---A-:l'.ACCUMULATlVE REDUCED ALLOWABLE STArIIC FRlCTJONAL RES1SlANCE gj --~>-- : : --··--- DESI~N STRESS o~ 1 /2 SHEAR srRtNGH! OF SOi L 

~ .... ~~- .. :*.*.7(~;~-~~~.G~~~R!~G ~~~~~~~;~. _1 ;12_. .5 ... Ff.E.T ........ f .....•.......... 

:~-~: : : : : ! : . 
~ • • • • • • I ' 

·o 
1-o 
LL . 

tO 
f'I") z:,_ 

: .... : " : : : : : I : . 
......... : ......... ~ ~.: ......... : ......... : ......... : ... 1 ............... . 

: ..... -~ :"-~ : : : I : : 
I-·~ 

• • • ..,, • • . • I • ' 
- • '-... • . . I 

rr1 csg . . : ~-- : ~ . . ! . . 
0\ 1--l • • • ' • • ---- • • 1' • • 

.J::>. i-N : : : ·:-.......__ : ------,< : , : : 
<( f'I") • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • ~ • • • • • • • • • • • • • . • • ';;-. .__. • • • • • • • • . • f . . . . . • . . . . . . . . . • 
> ·- . . . . . ~ : . ------------. : I : . 
Llj ~- --~ I . 
w g . . . : : '-..., . : -r-----..------ : . • . . . . . ',_ . . I ~ . 

00 : : : : : '-_,: : I :~: 
N ···························································'-·············[ .............. . . . . . . ·'\-t. . I . . 

0 
0 . 
+. 
N 

-~)". 00 

. . 

0.50 ~ .oo : .so 2.00 2.so .oo 
··.---·-··--·····-···----, 
4. 00 •L 50 

CiOl..tN !Y 
~~I GHWAY NO 
C-ONTROL 

I rE 

1-'ARRI S 
US-2QJ 
OC':;0-0'5-0;;)3 

TONS/FT OF PERIMETFR 

SIRUC'VP.E U3-290 "'PRESS BYPASS P~~-~-;AL~~~~;~~- : 2 ·- - ·- -1 
HO~f. NO rl92 D.t.rF. Oll/l!/90 I 

STAT tr.IN 

LOC,Art ON 

; !)59t 60 cc 
oc. cc. 

8':' P.!z _j' 
. ----·· .. -·-~ ~-~- "--.. --··---··-. -"······ ·-· ... ~ -·--- ... ··-

11 
0 
c 
z: 
0 
!---! 

z: 
~ 

3: 
)> 

::::0 
!---1 

)> 

u 
::::0 
0 
u 

J 
__J 

' 
t--1 

(/') 



TF.ST H~LE NO. w92 

GROUND ELEV. 112. 5 

CLAY.SANDY.BRN-GR.SOFT.MJiST.t~LCS-

E65 



.FAST B~IDGE FQUNUATlON A~~ ~JIL TEST PKL~ - 2~4160 \it: R l. 8 NCJV tJ 7 

f' ~OB (con TD) 
£'.165 (;>;LT[;: .~(J SUIL I'.) 1.d~t<l:uAKl.JcLi f-[_,i<. Sft<.C:/-.Giti J.,\ALY'.>15} 

COUNTY­
H!GhnAY N(;.­
CONT RUL-
PROJ EC T i~G.­

DATE-
Gl<.O. ELEV.­
DISTRICT- 12 

D 
E F PEN 
p T lST 
T • oLJ 
H 

G 
l 
2 
3 
4 
5 
6 
7 
e 
9 

HA kid S 
\JS-i9.J 
Ov50-06-l.3_j 

04/17/<;u 
142.u 

s 
A TAT 

PEN M r~ LJ.T-
2ND p u ULT 
oIN L . PSi 

E 

l u- 28 

' J- 10 

~ J- 9 
b v- 14 

.RILLER- MIKE BAHM 

... t: T 

STt<UCTuRE- v5-2~v lYPkE:55 bYPASS kET. WALL. 
HLLi: i-;u.- t.-93 
STATION- l~o4+?j.u0 

Uf-F)ET- J~.vu' 

C(;ut:!) SY- PAL 
Gku. nATEi<. cLcV.- l4L.6 

j) E: f\I MOl LL p I vtSl~IPTlUN OF MATERIAL ANO 
id:.:1"1.t.io!.KS PU: 7. '· % 

SA~D, lCfMENT STAbllllED SA~D>. 

1lJ 1 15 

.1.35 17 

li2 l <; 
.1.:. 3 i':i 

Li.JGGck- LOGGER i.L FE:RRALL E:. 
TITLC:- NGR. TECH I II 

E66 



IC:A'""..J l1Cr.rtr.ir.c1'1 Ut" r..L\,.,nnl4.TJ """''',µ r""oi....1i... ,,.;.~1~.:.J.t"Lt(IA.l!LH\i 

~FA ST ~~IU~c FO~hOATIU~ A~L ~OIL TE~T ~~~~ - iL416d VcR l.a NLV n7 

P R 0 b ( C Oi• TO ) 
2165 {hOH: iOO S;JlL IS l;i'.:IKtGtd<.uC.J f-Jk ~Tt<:C.:t..Gld Al•t.LYSISl 

SJIL Sl~ENGrH A~ALYSIS RESULTS 

HOLE NUMbER w9~ 

ST RAT C.Eh- t' t. i~ :>GIL rd:T 
ELEVATluN Tl-: ICK morn Urd f- • Ii: ST COrlES LIEN~ l t.T. V'A1UANC:.E TAT 

) TRA T -FEET- rH:SS ut.PTH S lJ IL i::LLwS/ TtST LbS1 Lo::>/ FtdC --------------
NUM. FROM TO FEET FEET CLASS H..1uT C.G;'lS T );jfl CUf-T Al'.(;• PEAK AV(, kATIU 

l 143 141 2 • (J l.v 0 Tt-tl: 
2 14 l 134 7. {; 5.5 CL .i.,j 3 4 b:> u.o 't. 7 3 • .l 4.2 



FAST bRiuGc FLU~DATlu~ A~G SOIL TlSl P~~b - l~4loH l/!:: R i • i:S NU V 8 7 

P ROb ( C(;NTD) 
~165 (~GT~: NL SUlL IS Gi'.:>~lGAKOEJ F~~ ~T~cN~TH ANALYSIS) 

SUIL STRE~GTH AN~LY5l~ ~ESULTS 
DISKtG~Ku TO tLcvATlwN 15 142.v FctT 

rlOLE NUMdE k wq 3 

STRATA 
NUMB Ek 

EU VAT ION 
-FEET-

FROM TO 

1 142.b 140.b 
2 140.c 133.6 

ut:51(,N 
ST~ESS 

Or SOIL 
f!.J;·i5/ SUF T 
PEk ST i<A T 

v.JV 
I.,,. 3.J 

ALLUwAoLE 
STATIC 

hll, TlUNAL 
RC: 51 S TA"'CE 

( I) 5) 
TLr~s Pi:::K FT 
uf i'EUMETER 
Pt!< AC CUM-

STRATlJM IJLATIVc 

Uo Vv (,. u v 
L. 34 z.34 

kEOuCEU 
ALLUkABLI: 

:>TATIL 
f td CT lOl~AL 
Kc~d ST AN(.E. 

------------------
pc: k A CLUM-

SI<. 5TKATUl'l uLATlvE 

G.7 v.vv u.JU 
(,.,. 7 J..b3 1.cd 

POINT 
BEAkll'IG 

BEAK ST RE NG TH TAT 
FACT Ok SNC TU 

PEN 
NC TONS/SQFl RAT 

4.2"1 u • ...,o v.v 
3.ol iJ • ul.i v.O 



C~UNTY HARRIS 
:-HGHWAY NO US-290 
tOIHP.OL 
li'E 

OCSQ-Oij-033 

lOG THO !'U. TEST 
NO • CF BL o;rs 

DRILLING LOG 

S TP.UPUP.E 
H::JLf. NO 
STAT IOI>! 
LOC-~TlOf.! 

US-290 cvPRCSS B!PASS ~CT. WALL. TH~ DIST 12 
W93 DATE 04/1?' /90 

oc.c:· 
GP.D. ELEV· 142.5 
GP.O.wATF.P. E~F.V- 142.5 

DtSC~IPflOff Of HATF.P.IAL 
ELEV 

FT. 1Sl 6' l~D lj' 

c 
s !CFHtNf sfAblLIZEb sJ\tlbJ. 

140. ") 

ORI LLER MI KE BAH!'! LOGGER LOGGER AL FERRALL E TITLE N\.P,. Tf".tH III 

E69 



0 
0 

rlJ. 00 
.... ~.-+---· 

0 
0 

0.04 
I 

T O~J SI SQF T 
o.os o.~2 o. :s 0.20 0.24 o.2s 0.32 o.36 

. - - ··---·--...L--............. ____ _j___, _____________ , ______ J 
· C9--0-·0··G-8 .A.CCUMUL A TI VE ALLOWABLE ST A TIC FR 1 CT I ONAL RES JS r ANCE 
:.1:.----A....,;, ... / 111--.tACCUMULATIVE REDUCED ALLOWABLE STATIIC FRICTIONAL RESISTANCE 

DESIGN STRESS OR 1/2 SHEAR STRENGTH 8F SOIL 
·X-X--Y>-~POINT BEARING STRENGTH 

. ~ISREGARD TO ELEVATION 142.6 FEET ~ .J . . ..........................•...................•...................•...................• 

---·---·-.. ---·---- -~----. 

. 
1-0 
LL<=; 

CT) 

-,..I""> 
"- ,_ 

. . . ......... -.I .... -.. . .. . "' ... . . . . . '"' ....... . 
1--< 

l'T'I 
'J :::z: 
0 oo 

'~'-·<..... ........ ... ... I 
.''-<-~""<. . . . . . . . ..... . 

. . . : '., .. ··,.. . . . . . . . . . . .. 
., ---....... . ....... . '-, . '"' ..... ' . . ... 

~<=: 
f--1'--
<(!"") 

>'-
lJ~ 
_J 
wo 

0 

II) 
!"") 

0 
0 ..i,, 

"•f• 

!"") 

', '· . . ..... ·., '':<... . . . . .. ! 
'- ............. , . I .... '"'- .. . . 

.... . ... ........... ' ... 
... ... ..., -.......;~: ··········1 

., ' . . . . . . . ·.,' .. : : . . . . : ........... . ......... >~ .... < .... : . . . . :......... 
······ •, ................. . . . . . . . . . . . . . . .. .... ,. : 'el 

....... 
·-~ 

1"">-.+--------- I --T-- r---·-·---------------r--··· 
~o. oo o. 40 o.80 

COUNTY HARP.IS 

HIGHWAY NO US- 290 

CONTROL 0050··0~-033 

tPE 

~ . 20 ~ . j)Q 2. 00 . 40 2.50 3.20 .~o 

TONS/FT OF PERIMETER 
---------

STRUCTURE US-290 C!PRCSS BYPASS ~[T. ~ALL. THO DIST '2 
04/17/90 

P./\Z 

HOLE NO W9J DAT~ 

STATTON ;QS9-!-!5.00 BY 
LOCA.TlON ci: ::-r-

T! 
0 

z 
0 
1--: 

GJ 

3: 
> 
--l 
:n 
::::0 
!--i 

J> 
I 

u 
::::0 
0 
u 
fTl 
::::0 
·-l 
t---1 

rn 
Cf) 



TF.ST HOLE NO. w93 

GROUND ELEV- i~2.~ 

• ·• ·• SANO. fCEMEN T ST AB l LI ZED SAN OJ • 

CLAY.SANDY,G~-TAN.SOFT.M01ST. 

E71 



lt:.AM...J u~rkr,tftLt;:t ur· ri.i,Vl\l\Mf.J MhV ruJL.&.\.... 1r...'4•'t.Jr"UKt~•.i.ui"* 

;FA 5 T oRiuGE Fj.u.JM)t.TliJt. ,,.,,1; SJlL Tc:>T PKt...t. - .:24l6d VE:R 1.8 NLI/ o7 

PROB lCC:11TDJ 
216? (t.;(;fc: ,.j(.J ~;Jll I'.°:> uiSl\.t:G!..xi.Jc) F:Jk STt,d·-~Trl At~ALYSIS, 

COUl\ITY-
111 GHWAY :-.o.­
CONTKOL-
P ROJEC T 1'-iu .­

fJA TE-
GRO. i:.LEl/.-
01 SH<ICT- lZ 

D 

HA kt<!::> 
us-zr;u 
0050-06-:.i.33 

O<t/17/9v 
142 • .i. 

s 
A ft.. T 

D " I L Ll I\ G rt l P U tH 

STKUCTUkc- US-L9V CYl'ktSJ ~YPASS KET. wALL. 
HCLC. t•U .- ..,94 
STATION- l97i•~J.vL 

LlF~5ET- 00.uv' 
(,(;OEiJ oY- PAZ 
Gku. wATE~ C.Ltv.- 142.l 

E F PEN PEN M i~ u..r- .. it:. T 
p T 15 T L'.~,u p u iJLi 

T oli-4 oIN L • PSI 
H i: 

(I 

1 
2 
3 
4 
5 
6 
7 1 J-
8 
9 2 0-

10 ::i 
11 4 v-
lZ 
13 6 v-
14 
15 

JRILLER- MIKE bAHM 

1 

11 

12 

lb 

vE: '" 
MLI 

I' (..f ~. 

124 2v 

LL 7 ~ (J 

jl 

J. t..::: j6 

.i.t::9 "~ 

LL pl 
•[ I. , . 

3~ 

'f d 

ulSCKIPl!UN UF MATERIAL ANO 
Kb'iAKKS 

SA;.;o, (LtMENT STAtHLIZEO SAldJ). 
- Nu K~CuVE~Y u-7' 

CLAYtSANOY,RO.BRN,FIRMtMOlST. 

- KD.bRN-GR,MOTTLED. 

- STii=F. 

LO~~c~- L~GGER A~ FcKkALl t 
TITLE- h0K. TECH III 

E72 



I CAr\J uc_r....,r-..tt1:.::,1· .. , ur n.a.v11r.~1.; r\1.1,..1 ru..;LJ.\, t r\.M.,...)t"Ur\.11-.ti.I J..V·• 

FAST &RICJ(,i:: FJ.;.l)NOt.Tluf~ ANIJ ~LilL TE5i f'KuG - liltl6d 

PROt. ( COiHO > 
2165 (NOTE.: .'lU SulL iS Ll'..>i<.EGAK.iJE:U FJk ST.<.ENG1H A!'-IALYS!Sl 

SOIL STRENGTh t.hALY~li ~i::SULTi 

HOLE NUM bE R r. '14 

STKAT ct:r .. - PU~ 5JiL ito.tT 
tLEVATION THiCr<. TRuUJ iJl'>lf-. fbT c ..iht: s llcN> iNT. VARIANCt. TAT 

TRAT -FEET- NESS OE.PT n SUlL BLOWS I TE .:>T L..o 5 I L tiS I FRIC --------------
NUM. FROM TO FEET ~t.t:T t:LASS fGwT C[;NST J1.1FT (;UfT M~G. P cA;( AVG KATliJ 

1 142 135 7.v ~.5 UTHt. 
2 135 127 6. (, l l. (J CL b 30 .l.25 I.I. v l.2 l.~ 4.7 

E73 



::FAST VlR l.o NuV di 

PROB <COi~TD) 

2165 (NOTE: ~L SOIL IS U!SkLG~kLE) FGR STRE~GTH A~ALYSlSJ 

SOIL STRE~LTh AN~LY5IS ~l::SuLrJ 

DISKEGAK~ TO tLtVAT!LN IS l~i.l ~EET 

rlGLE NUMBER W9L; 

STRATA 
NIJMBER 

ELc'VA TI ON 
-FEET-

f ROM TO 

l l'f2.1 135.l 
2 135.l 127.l 

G ES IG '" 
STRESS 
uF SOIL 

TG:~SI S~F T 
PER STRAT 

v • v\J 
1;.21 

t.LLUhAbLE 
STAT!(.. 

FklCTlUNAL 
k t.S I ST Al'• CI;; 

( DS ) 
TLN:.. F i.:k FT 
UF P Ei< I ;vc,d EI' 
Pl:K ALCUi'1-

ST t<A TvM ULA T IVE 

v.vl. 
l.ot. 

0.00 
lobO 

E74 

~l::DUCt:i.J 

ALLOwAbLI:: 
STATIC 

HU(..flONAL 
RESISTANC.:I:. 

------------------
PC.k A CC UM-

Sk S TkJd UM GLATIVE 

v.I v. uu 0.u0 
v.7 l.lo 1.16 

8EAK 
FACTOk 

PUH1T 
t3t:ARING 
5 T r<i: 1~G Tn 

s:-.c 

NC lUNS/SOFT 

4.2'7 u.OIJ 
3. til o.uv 

TAT 
TO 
PEN 
RAT 

O.v 
u.v 



COUNTY HAR~IS 

m t>HWA Y NO US-290 
CONTROL 0050-05-0JJ 
lf>E 

LOG TH~ rtN. TEST 
NO. OF BLOWS 

DRILLING LOG 

STP.UPUP.E 
HO\.E. NO 
STAT!Ot-1 
LOCATION 

US-29:') CVf>f?ESS BYPASS P.Et. llALL. TH~ !HST ;2 
"94 DATE 0~/17/90 

;972•20-CC GRO. E~EV- 142·1 
co.co· ~RD.WAT~R CLEV· 142.J 

OESCP.!PTJOH OF HATEP.IAL 
ELEV 

FT. I ST 5' " 2~0 ~ • 

'1f..Hmt 
::lF 

cc"ur. 

142 .J 0 c .. 

135- j 

ltl iO 

•REMARl<S1 

ORI LLER Ml KE BAHM LOGGER LOGGER AL FERP.ALL E TITLE NGR. 'ff.CH l I I 
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l"T1 
........ 
O'I 

0 
0 

..;a. co 0.04 
-.:·-+-----~-

TONS/SOFT o.os o. 12 0.16 0.20 0.24 0.28 0.32 
l-----~---------~.~~-~-~-"--~--~_,_---~-

0.36 
l 

·~ e e e ©ACCUMULATIVE ALLOWABLE STATIC FRJCTIONAL RESISTANCE 
:.t. A:":;$ ~·ci.ACCUMULATIVE REDUCED ALLOWABLE STAT I IC FRICTIONAL RESISTANCE 

0 ' . 
• · ·~-¥--*-XP01 NT BEAR I NG STRENGTH 

OJ . . . DESIGN STRESS OR 1/2 SHEAR srRENGTH :JF SOiL 

~ ......... : ......... : ......... P.1.s_R~?.A~P .. r9. ~~f.Y ~n ~~( .1.4.2: .1 ... f.E~.r ......................... . 

, 
1-0 
LL': 

U'..' 
!"") 

Z.-
~-~ 

z ao 
0 .._.... . 

1-N 
<(!"") 

. 

: : : . . .. .. . . . . .. . .. .. .. . . .. ~------: ~ ..... :. .. ... ' : .... s-;·=~=-< .. :_: . ~.:_· : ~ • 
........ '. . :----...._..........._ . . I : --...___ 

·-> 
lJJ 
_J 
Li.JO 

0 

. : ':~: t' ... : ........... . . . ..... ......__ ..... : ........ : ......... : ...... ·:... : 
. 

co 
('\J . . ..._ .. .. . . . .. . --_,,, . ... - • t 

0, 

~I N I 
~o. oo o. 20 

. ----r- - . i---·· I 

o.4o o.r,o a.so 1 .oo 1 .20 'l• A 0 

COUNTY HAR~IS 

HlGHWAY NO US-290 
CONTROL OG50-0~-0J3 

!PE 

TONS/FT OF PERIMETER 

SlRUCTURC US-290 CYP~ESS BYPASS ~CT. WALL· TH~ DIST 
HOLE NO ~94 DAtE 
STATION .972+20.CO BY 
LOCATION oc.co· 

• 

I 2 
04/1!/90 

P.f\Z 

11 
0 
c 
z 
0 
~ 

z 
.J 
~ 
)> 

fTl 
:::0 
!--I 

)> 
I 

u 
:::0 
0 
u 
j 
--4 
!---! 

rn 
CJ) 



TF.ST H~LE NO. w94 

gROUND ELEV- 112.J 

..... ~ .. 

. . . . .i 

. :. :. i • • • J 

.. · ....... 
:::::~SAND. NO REC.TO 7'. STBL.CEMENT-3' 

. : . :. i 
•••• • 1 ..... ~ 
•. • . •I 
.••. · 1 ..... ~ 

'CLAY.SANDY.RED 9~N.FlP.M.MOiST. 

ITT7 



JCAA...> UC.t'M.r,fi'1Ct~1 ur ••J.vltf\Mt..l ~i··v rvot-.1.\.,,c •1'J.tP1..:>rU"*'"'IJ.U1'f 

::;FAST bRIOGE FLUNOATIO~ ANC ~OIL TEST PKUG - 224108 VE:R led NOV 67 

PROB (CONTD) 
2165 (NOTE:: NO SUIL IS OlSkE:GAKDED FOR STRENGTH ANALYSIS) 

COUNTY-
Hl GHWA Y NO.­
CONTROL­
PROJECT NO.­
DATE-
GRO. E:LEV.-
01 STRICT- 12 

D 

HARR IS . 
US-29 u 
005 J-06-;J 3 3 

04/17/4(1 
142.3 

s 
A TAT 

GRILLINC. REPORT 

STKUCTURE- US-290 CYPRESS BYPASS RET. wALL. 
HOLE r~o .­
ST AT ION­
OFFSET­
CuOE:O BY­
GRO. wA TEk 

w95 
14U+25.v'1 
Ov 00' 

PAZ 
ELtV.- 142.3 

E F PEN PEN M N LAT- ~ET 
p T lST zrw p 0 ULT 
T • bIN 6IN l • PS I 
H E 

0 
l 
2 
3 1 
4 
5 2 o- 11 
6 
7 
8 3 o- 7 
9 

jRlLLER- MIKE BAHM 

OEN MO! LL Pl DE:SCRIPTION OF MATERIAL ANO 
rCF z x Y. REMARKS 

SANO, <CEMcNT STABILIZED SANO). 

129 17 30 CLAY,SANOY,GR-BLK,SOFT,MOIST. 

133 24 - FIRM• 

128 lb 49 

LOGGER- LOGGER AL FERRALL E 
TITLE:- NGk. TECH III 

:e78 



lt:Jl.A.:> ucrAl'.1r.ci.1 ur n11.;n,,.,..1.:i "''~"' ruo ... .1.1,, 1r<.A .. .:irur<.1,..11ui. 

:iFAST oRIOGE HlJi'<OATl01'1 ANO SOIL TE~T Pi<.O~ - 224108 VER led NOV 87 

PROB (CONTD> 
2165 (NOTE: NO SOIL IS ~ISRlGARDED FOR STR~NGTH ANALYSIS) 

SOIL STRENGTH ANALYSIS ~ESULTS 

HOLE NUMbER w95 

STRAT 
NUM. 

l 
2 

ELEVA TI ON 
-FEET-

F K.OM TO 

l<t 2 140 
HU 13 3 

STRA T 
THICK 
NESS 
FEET 

2.0 
7.0 

CEN­
Tl<OlD 
DEPTH 
HtT 

PEN 
Ut~ 1 F. TEST 
SOIL BLOWS/ 
CLASS FCJOT 

1.0 OTHl 
5.5 CL 

E79 

SUlL 
CUHES 

TEST LBS/ 
CONST SOFT 

wET 
DENS 
L tsS I 
CUFT 

INT. VARIANCE TAT 
FRIC --------------
ANG. PEAK AVG RATIO 

63v BO o.O 



lt:AA..) 1Jcr""'"'c••• ur n11.>nr.J.11.:> "''"-' ruo~•'- '""'~..:>rur<.1,.1•u" 

3FAST BRIDGE FOUNDATlilN ANO SOIL TEST PRGG - 224168 VER 1.8 NOV 87 

PROB (CUNTDl 
2165 <NOTE: ~O SOIL IS DISKEGARDED FOR STkENGTH ANALYSIS) 

SOIL STRENGTH ANALYSIS RESULTS 
DISREGARD TO ELE~ATILJN IS 142.3 FEET 

tiGLE NUMBER W95 ALL Ow ABLE REDUCE 0 
STATIC ALLOr.ABLE 

FRI C Tl ONAL STATIC 
RE~>lSTANCE Fi<ICTIONAL POINT 

DESIGN ms l RESISTANCE BEARING 
ST kE SS TGNS Pt:R FT ------------------ BEAR STR:NGTH TAT 

STRATA ELEVA TI ON OF SOIL OF PEl<.IMETER FACT Ok SNC TO 
NUMBER -FEET- TONS/SQFT PER ACCul'I- PER AC CUM- PEN 

FROM TO PEK S TRAT :iTKATUM ULATIVE SR STRATUM ULA Tl VE NC TONS I SQ FT RAT 

1 142. 3 140.3 o.uc, v.vo o.ov G.7 a.vu o.oo 4.29 I). 00 0.0 
2 140. 3 133.3 u.16 l.lv 1.1\J (J. 7 u.77 \). 77 3.62 o.oo 0. () 

F.80 



COUNTY 
HIGHWAY NC 
cmaRoL 
lPE 

HARP.ls 
US-290 
OCS0-05-033 

LOG tHO PE"· TEST 
NO. CF SLOWS 

DRILLING LOG 

srnucrum::. 
HCLE NC 
STATION 
LOC~TiOM 

US-290 CYPRESS BYPASS RET. WALL· THD DJST i2 
W95 DATE 04/17/90 

i972•25·CC GRD. lLEV- 142.3 
cc oc· r.~n.wATER [~EV. 142.J 

DESC~lPTION Of KATERJAL 
ELEV 

FT. 1st ~· • 2~0 '3' 

142.J 0 

140. J 

ORI LLE:R Mt KE. BAHM LOGGER LOGGER AL FERRALL E TITLE. NGP.. TECH I I I 

F.81 



&! 
N 

0 

C: TONS/SOFT 
,.,-o.oo 0.02 Q.04 0.06 o.os o. 10 o. 12 Q.i4 o. 16 0.18 
~+--~~~---+-~~~~~~~--'~~~~_,__~~~--1-~~~---+-~~~---'-~~~~.__~~__, 

·~ 9 9 9 ©ACCUMULATIVE ALLOWABLE STATIC FRICTIONAL RESISTANCE 

0 
0 . 

:A A A A AACCUMULATIVE REDUCED ALLOWABLE STATIIC FRICTIONAL RESISTANCE 
DESIGN STRESS OR 1/2 SHEAR STRENGTH OF SOIL 

: >f-X X )( >< P 0 1 N T BE AR I NG S T RE: NG TH 
;J ......... : ......... : ......... P.I.S~~~A~P. !P. ~~~YAJ.I~~- .1.4.2:.3 ..• f_t._F_T_ ....•.................... 

. 
1-0 
LL': 

CJ) 

l'0 
:Z:.-
1--i 

z oo 
1--i c: 
I-" 
<(~ 
> 
LLi 
......J wo 

0 
' 

lf) 
l'0 

0 
0 

IV"> ~ 

f I f I t I 0 f t ' ' ' ' ' ' ' l ' • • t • • ' • • ' 

0 I f f I 0 0 I 0 

....... I o t I t I ' I ' 

I o 0 f I I f 1 I 

' ' ~. ' ' ' ' ' ' ' ' : ' ' ' ' ' ' ' . ' : ' ' ' ' ' ' ' ' . : ' . ' ' . ' ' ' ' : ' ' ' ' ' ' ' ' ' : ' ' ' ' . ' ' ' . : ' ' . ' ' ' . ' : ' ' ' . ' . ' ' ' : 

~ 
' ' . ·'-..~· : : ' : ' " " : " ' ' : " " ' : " · .. : ......... '. . . . . . . . . . . . . . . . . ........... . 

~ 
1'0-1--~~~~+-~~~--~~~~--~~~~---~-. . I I - l I ----, 
-o. oo 0.20 o.4o 

COUNTY HARnis 
HIGHWAY NO US-290 
CONTROL 0050-0~-033 

!Pt 

0. 60 0. 80 1 • 00 1 • 20 1 . 40 i . 60 
TONS/FT OF PERIMETER 

STRUCTURE US-290 CYPRESS BYPASS RtT. wALL. THD DIST 
H:JLE. NO W95 DATE 
STATION i972+25-00 BY 
LOCATION 00 OC' 

'1 2 
04/17/90 

l'AZ 

i. 80 

----·-----··-----·-------·--------------------------------------------------' 

11 
0 
c 
z 
0 
1----1 

7-

~ 
)> 
--1 
rn 
;a 
1----1 

)> 
I 

\J 
;a 
0 
u 

I· 
:,..() 

--1 
1----1 

rn 
en 



T[ST H8LE NO. w95 

GROUND ELEV- 142.3 

····· SAND. ICE"1E.NT STABILIZED Sl\NDJ. 

CLAY.SANDY.GR-BLK.SOFT.M~1sr. 

E83 



IL.,\,~.J i....CrMr.t••l..;..; .. 1 ur- ni.\;r1 •• tti.l ~1\-..J r't,.,..JL.1\,., l1'"4.l1~r'UKtrt.fJ.Ul' 

bKIJGE F~U~DAT10~ AkU ~OlL TEST PkL~ - lc::4lbb Vl:R 1.~ NG'/ d7 

PROB l CC;HD l 
2105 (NOT~: hO SJIL IS ~lS~l:G~~UEJ FUk ~T~~N~Trl ANALYSiSJ 

LR l LLI t.;, id: Pu id 

COUNTY- HAkKIS 
HIGHWAY NG.- US-l~u 

CONT KOL- 0050-Jb-lJJ3 
P IW J t C T f·:t; • -
DATE- 04/i7/90 
GRO. ELEV.- l)~.9 

DISTRICT- 1.2: 

s 
j} A 
E F P!::fi PcN M r._ 
p T lST 2NG p u 
T • oH< ofN L . 
H E 

c 
l i 
2 .:. 
3 3 
4 
5 
6 4 
7 
8 ::> 
9 

10 7 
11 
12 b 
13 
111 i l 
15 iL 

JRILLER- MlKt BAHM 

Tt.T 
u. r-
ULT 
PS I 

!,.;- 4 

v- 4 

lJ- i. 

v- 2 .i. 
J- il 

l'ic T 

5TKUCTu~c- uS-l9v LY~~ES~ cYPASS KET. wALL. 
HuLI: NO.- r.'lo 
STATION- l~/5~uv.v~ 

OFFSET- vv.vu' 
CuDEJ dY- P Al 
~~U. WATc~ cLl:V,- 139.9 

u E: l'l MLl LL p 1 u f SL K I PT l 0 r~ Uf- MATERIAL ANO 
r' ( f i. '• 1. 1U:MAi<KS 

ii. '1 iv 3l CLAY,SA~UY,kU.BkN-~k,SOFT,MOlST, 

CAL CA Kf: UUS. 
ilo 14 

lt::J £4 45 

!Li t. ( 47 

J.l l l4 52 

J.l 'I Lb - V.SUFf. 
SANL,~U.~Rh,LLGSc,~ET. 

J.:; 0 .1. l le - SL.CuMl'ACT. 
Uo 12 16 

LLIGl.>t:1<.- i..:JGG Ek kL Fb'(KALL i:. 
T.iTLc- I\ l>k. TECH l I I 

E84 



FAST b~l~LE FCuNUATiuh ANL ~OIL T~~T PKL~ - i2<tl~o VE:.i< l.d NUV d7 

P RU6 ( CuNHI) 
2165 <NOH! i'ili Su IL 15 01'.:n<.EGAKiJt:J f.JR s fkt.l\!Glrt AN/,,L'l'51S, 

SOIL STK~~GTh AN~~YSIJ ~E:.SuLT'.i 

HOLE:: HUMBER W9o 

'.. TRAT Cti'l- I' f: ill SOIL wf T 
ELEVATICN THICK T ku lU Uf';lf. H:ST CuHES IJENS INT. VAt<lANCI:: TAT 

, TRAT -FEET- Nl:SS JfPTH S ulL bLOWS/ TEST i...b5/ LaS/ FI< I l --------------
NUM. FkOM TU FEET FE:.E T CLASS F Liu T cor~s r ::il.iFT CUFT At~u. Pt:AK AVG RA f IO 

l lit J 128 12. (J t;. Li CL i. '1 '1 lLt (J. v 
2 li 8 125 3.0 13 • ') SC 5 5\.i 127 l;. u 

F.85 



~FAST 

PRO& { CONlD) 
t:'.1 6 5 

SJIL STkE~GTh ~NALYSlS ~l:SULJj 

GlSKEbARG TU tLtVhTILN rs lJ~.~ t-EET 

HCLE NUM6ER vi% 

STRATA 
:>1liMBER 

EU:VA nm. 
-FEET-

F ROM Tu 

1 139.9 127.9 
2 lt.7.9 124.9 

uESIGN 
~TkE5S 

Gt- SOIL 
T (.;;'<SI SJ FT 
PEk .:>Ti<:.AT 

ALL On Ab Le 
STATU .. 

FidC. TI .Ji.AL 
t<ESlSTAt-.Ct. 

(GS l 
TOi>iS f' i::i?. FT 
i.JF P Eldr.ET ER 
Pl: K ACCu:1-

S l Rt. Tul'l LILATIVE 

v. '71J 

u.o4 

J:!86 

KcOUCEJ 
J..LLUwABU: 

'.:>Tt.TIC 
F1<.1CT lliNAL 
id:SL>TANl.E 

------------------
f' ck ACCLIM-

SI< 5 H.A f UM ULATlvE 

(,. 7 0.03 o.cd 
u.1 v. "t :> 1.07 

BEAK 
FACT Ok 

POINT 
dEAiUNG 
STKc1\G Tti 

Sl'iC 

NC TO t• SI :> Q F T 

3.oz o.vo 
4. 2 9 u. Ju 

TAT 
TO 
p t:;t, 
kAT 

v.c., 
(J • (J 



&OUN!Y ~ARR JS 
~lGHWAY NO US-290 
CONTROL ooso-o~-033 
lf'E 

f.LE'i 1.0G '!J.0 !'EN. TESt 
NO. Cf BLO"S 

DRILLING LOG 

STRUCTURE 
H::JLE NO 
STATION 
LOCI\. TIO~ 

US-290 CYPRESS BYPASS RET. ~ALL· TH~ DIST 
~96 DA ff 

12 
04/17/90 

;grs~~o.~o GP.n. ELEV- !39.~ 

cc.c~· GP.~.WATF.P. E~EV· 139.~ 

'f:nmc 
OESCP.IPT!OH or MATEP.IAL ~f 

FT. !Sl 6' 2~0 6' C!:.!F:I Nr. 

139.9 0 

I 121-9 

I 
I 
I 

I 
i 

I 

I 

10 

DRILLER MIKE BAH!-1 

c 
CLAY·S 

iJ 

LOGGER LOGCf P. AL FERRALL E T 1 TLE NGP.. TECH 11 I 

E87 



~ 
°' 

0 
0 . TONS/SOFT 
:191· 00 0. 04 0. 08 . 0. 1 2 0. ; 6 0. 20 0. 24 - 0 f 28 0. 32 --·---~.i' 36 
·- ·<9 9-9-9-8ACCUMULATIVE ALLOWABLE STATIC FRIC1"IONAL RESISTANCE 

. '.Jr-b--~b--;~ACCUMULATIVE REDUCED ALLOWABLt. STATIIC FRICTIONAL RE.SISTANC:E. 
o I · · ·------ DES I GN STRESS OR 1 /2 SHEAR STRENG TH OF SO IL 

;.1 ......... : .......... :~-~~~~-~~~~~~~~;~~ ~~;~~~~~~- .1.3.9: .9 ... f.E.E_T_ ........................• 

. 
~o 
LL C: 

t.O 
l'0 :z:,_ 

........ 

:z: 
ao 

0 
~' 
~(\J 

-<~ 
> 
LL.i 
--' wo 

0 . 
00 
(\J 

0 
0 . 

''" • . ... : ........ : ..... :. . . . .. 1 .. : '-~'·,, I : . . . . . .. . : .. .. : : • • : : .. -~ .. :-... ...... _ t· . . . . . .. ...... . . . . . . : '"' ·,, < : : • : . . . . . : . . . . . . . . . : : : "') ,,'>.L ...... : ....... : ..... : .. • • • 
.. : ....... ~~- ... -~ : : . : : ....... : ...... . . ' ~. . . . ..... 

. . . ',,, : ~~ ......... : . : . . . : . L '-~ . ···~~ . . • : ... ·~.._._._: ~ . '. ., . ·--i· • ~---. . . . . . . . . . . --------. . . . . : . . : -., . . 
......... . . ----~ . . . -el 

~j_~~~-i~~~---:~~-· ..... o. 00 
r- ··-- ,.,, ____ ---i 

·.00 ;.so 
------ 1 r 

o.r,o a.so ; .oo 1 .20 
I •. ,10 0.20 o-. 40 

caeNTY HARP.IS 
HIGHWAY NO US-290 
CONTROL 0050··06-033 
lPt 

TONS/FT OF PERIMETER 

STRUCTURE US-290 CYPRESS BYPASS ~er. ~ALL· TH~ DIST 
H!JLE NO W96 DA TF. 
STATIOlll ;915+00.CC BY 

LOCATION 00.0C' 
----------· --.-----·------·-----------------------------------------------------

·2 
04/!T/90 
PAZ 

Tl 
0 
c 
:z 
0 
1--1 

~ 

3: 
)> 

rn 
:::::0 
1--1 

)> 
I 

\J 
:::::0 
0 
v 
)j 
1--1 

rn 
(f) 



TEST H8LE NO. w96 

GRDVND ELEV- ;39,9 

CLAY.SANDY.Rn.9RN-GR.SOFT.MDi.CALCS 

. . 
:·: ·: SANO. RD .. nnN .. i..OOSE. i'IET. 

E89 



:;FAST BKIOGE FOUNDATIUh AND ~U!L TEST PkO~ - £24168 VER 1.8 NOV 87 

PROB <CONTD) 
2165 (NOTE: NC SOIL IS DlSKEGAROEJ FOR STRENGTH ANALYSIS) 

DtHLLlt.C, REPORT 

COUNTY-
Hl GHWA Y lliO.­
CONT ROL-
P ROJ EC T NG.­
DATE-
GRO. ELEV.­
DISTRICT- 12 

D 
E F PEN 
p T lST 
T • 61N 
H 

0 
0 
1 
2 
3 
4 
5 
b 
8 
9 

10 
11 
12 
l3 
14 
15 

HARRIS 
US-l90 
ovsJ-uo-:>33 

G"t/17/90 
139. 7 

s 
A TAT 

PEN M N LAT-
2NO p (J ULT 
/JIN L • PSI 

E: 

z u- 31 
3 

4 o- 7 
6 1)- 28 
8 o- 17 

.LO o- 32 
11 o- 35 

12 

DRILLER- MIKE BAHM 

111E T 
IJEN 
p C.F 

12'1 
liU 

130 
130 
126 

130 
135 

131 

STi<UCTURE­
HOLE: NO.­
STATION­
OFFSET­
COOED BY­
GRO. ~ATER 

US-l9u CYPRESS BYPASS kET. wALL. 
rd7 

1977+uv.oo 
o1.1.<J0• 

PAZ 
EU:v.- 139.7 

MO! LL PI UESCKIPTlON OF MATERIAL AND 
REMARKS I. 7. 7. 

15 30 CLAYtSAhDYtMULTICOLOREO,v.STIFF,MOl 
10 l.ALCAREOUS. 

22 34 - FIRM. 
19 42 - STIFF. 
31 56 CLAY,RO.BRN-GR,STIFFtMOISTtCALCS. 

2.b 67 - V.STIFF. 
27 

CLAY,SA~DY,RD.BRN-GR,V.STIFF,MOIST. 
a 42 

LOG~ER- LOGGER AL FEKkALL E 
TITLE- NGk. TECh III 

E90 



, FAST BRlDGf FjJUNOATIOfll AND SOIL TEST PKLG - 224168 VER l.8 NUI/ 87 

PROB lCONTD> 
2165 (NOTE: NO SOIL IS OlSREGAKUED FOR STREh~TH ANALYSIS) 

SOIL STRENGTh ANALYSIS RESULT~ 

HOLE NUMBER 'rv.97 

) TRAT 
NUM. 

l 
2 
3 

ELEVATION 
-FEET­

FROM TO 

140 
133 
128 

133 
128 
125 

5Ti<.AT 
THICK 
NESS 
FEET 

CEN­
TkO lU 
uEPTH 
H:ET 

PE: N 
UNIF. Tl:ST 
SOlL BLOWS/ 
CLASS FOOT 

7.0 3.5 CL 
5.v 9.5 CH 
3.0 13.5 CL 

SOIL 
C uriE S 

TEST LBS/ 
CONST SQFT 

1579 
176v 
l54.9 

E91 

wET 
DENS 
Ll3S I 
CUFT 

INT. VAKlANCE TAT 

FRIC --------------
ANG. PEAK AVG RATIO 

130 v.o 
128 o.o 
U5 o.o 

3.4 



::.FAST BRID~E fJjUNOATIOh AND SOIL TE5T PKU~ - 224108 VE R l • 8 NO V 8 7 

PROB lCONTDl 
2165 (NOTE: NO SulL IS ul)~tGARDEu FOR STRENGTH ANALYSIS) 

SOIL STRENGTH ANALYSIS RESULT~ 

DISREGARD TO ELEVATION IS 139.7 FEET 

rlOLE NUMBER w97 ALLOwABlt. iU:DUCEO 
STATIC ALLOWABLE 

FklCTIONAL STATIC 
kESISTANCE FRICTIONAL 

DESIGN lDSl RESISTANCE 
SH.ESS TONS PER FT ------------------STRATA E LE VAT ION OF SOIL OF f'ERIMETER 

NUMBER -FEET- TONS/S\.iF T PER ACCUl'I- PER AC CUM-
FkOl'I TO PER STRAT STRATUM ULAT IVE SR STRATUM 1.JLATIVE 

1 l 39. 7 132.7 0.341 L.7o 2.. 7 0 v.7 1.93 l.93 
2 132. 7 127.7 v.44 l.. l(; 4.9o 0.1 l.~ .. 3 ..... 7 
3 127.7 124.7 0.61.t J..91 6.88 0.1 l.3't 4.81 

E92 

POINT 
BE.AK ING 

BEAR STRENGTH TAT 
FACTOR SNC TO 

PEN 
NC TONS I SQ FT RAT 

3.62 o.oo 0. (J 

2..57 o.ou o.u 
3.6.2 o.oo 0. (i 



COUNTY HARP.JS 
HIGHWAY NO US-290 
C~~TROL OCSO-OS-033 
1 f'E 

LOG tHD PEN. TEST 
ND. CF BLOllS 

DRILLING LOG 

SrRUCTURE 
HOL f. NO 
ST A TI ON 
LOCATIOH 

US-290 tVPRESS B!PASS RET. WALL. THO DJST i2 
W97 DATE 04/17 /90 

i 977"':;c. ::::; 
cc.cc· 

OESC~IPT!O" Of HAtF.RlAL 

G~D. ELEV· 139.7 
GP.n.wATF.R EL£V. :39.7 

Et.EV 

Ft. JST 6' .?Hl:l is• 

'f:THDO 
OF 

CCf.JNr. 

130.7 0 CL Y.S Y."11.JL ICOLOr.CO:-so ,fi:)jS • 

10 l () 

121.1 Cl. y, 

•REMARKS1 

DRlLLE.R MIKE. BAHM LOGGER LOGGE~ AL FEftRALL E. TITLE NGft. TECH II I 

E93 



ra 
.i::i. 

0 
0 TONS/SQFT 

o. i6 0.24 0.32 0.40 o.48 o.s6 o.64 o.72 ..;a. 00 
~ 

o.os 
.- ·~ e e e ©ACCUMULATIVE ALLOWABLE STATIC FRICTIONAL RESISTANCE 

___ _] 

:A & A A &ACCUMULATIVE REDUCED ALLOWABLE STATIIC FRICTIONAL RESJSTANCt 

C: : :x X )( )( XPOINT. BEARING STRENGTH 
oj · : · DESIGN STRESS OR 1/2 SHEAR STRENGTH OF SOiL 

~ ......... : ......... : ......... P.1 ~~~9.A~P. !9. ~~~:YA!.I P~J . .1.3.9_. ! . .. f~:_E.T... . .................... . 

. 
1-0 
LJ._ c: 

I.() 
f't") z,_ 

lo--; 

z ao 
lo--; C? 
t-N 
<(~ 
> 
i..Li 
_..J 
wo 

0 . 
co 
N 

0 
0 

' 
"\j• 

N --~---.~~~-.-~~~...--~~--~~~-.-~~---.~-· 

-o.oo 0.80 i .60 2.ao 3.20 4.oo 4.so 

COUNTY HARRIS 
HIGHWAY NO US-290 
CONTROL 0050-0~-033 

trt 

TONS/FT OF PERIMETER 

STRUCTURE US-290 CYPRESS BYPASS R(T. WALL. TH~ Q15T 
HOLE. NO W97 DATF. 
STATION i977+0C.OC BY 

LOCATION oo.oo· 

12 
04/17/90 
PAZ 

-~~~--~~----·~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-~~~~~~~~~~~~~~--' 

11 

c 
z: 
0 
1--1 

-:;:::: 
',I 

3: 
)> 
---1 
rn 
:::0 
t--1 

)> 
I 

v 
:::0 
0 
v 

j' 

:.,.a 
---1 
1--1 

rn 
U) 



TE5t HDLE NC. w97 

GROUND £LEV. 139.7 

CLAY.SANDY.MULTICOLORED.SOFT,MDiST, 

CLAY,SANOY.RD.DRN-GR.Y.STIFF.HOiSt, 

E95 



tt:.1'A:> uc:t'J.tKl1'.t.1•I ur n.1.un"'"''.) ,...,.,IJ Fvc11. .. .1.1.. 1r<.J.t1~:>t'LH<.l>'>l.l.Uf" 

3FA ST BRIDGE FJ.i..UNDt.TlOh AND SOIL TEST PRl.J~- 2Z4168 VER l.8 NOV 81 
' ... ;~"'> 

PROB l CONTD) 
2165 (NOTE: NO SDIL IS OlSKEGAKDtD FO~ STKENGTH ANALYSIS) 

CGUNTY-
Hl GHWAY ~0.­

CONTROL­
PROJECT NO.­
DATE-
GRO. E:LEV.­
OlSTRICT- 12 

0 
E F PEN 
p T lS T 
T • olN 
H 

0 
l 
2 
3 
4 
5 
b 
7 
8 
9 

10 
11 
12 
13 
14 
15. 

LRILLING REPORT 

HARRIS 
US-290 
oo~v-06-033 

04/ l 7 /9\J 
b9.J 

s 
A 

PEN M Iii 
ZND p 0 
6IN L • 

E 

TAT 
LAT-
ULT 
PS I 

wE T 
OEN 
FCF 

STRUCTURE- US-290 CYPkESS BYPASS kET. ~ALL. 

HOLE N0.-
5 TAT ION­
OFFSET­
CDUEJ BY­
GkO. WATER 

MOI LL Pl 
l z r. 

W9b 
1979+00.UO 
uo.oo• 

PAZ 
ELEV.- 134.0 

OESCRIPTlON OF MATERIAL AND 
REMARKS 

l o- 17 13~ 14 tib CLAY,SANOY,MULTICOLOREO,STIFF,MOIST 
CALCAR.EOUStFER. 

3 ll2 23 31 

5 o- 3 124 21.. 41 

7 ·O- 10 llo lb 39 
b o- 19 12 7 n 3:l 

SANDtLT.BRN-GRtLOUSE,MOIST. 
10 J- 13 139 15 21 
12 o- 11 142 14 24 - WET. 
l3 o- 12 142 14 

,RILLER- MIKE BAHM LOGGER- LOGGER AL FERRALL t: 
TITLE- NGR. TECH lI I 

E96 



dFAST &RIDGE FpUNOATION AND SOIL TcST PRu~ - £24168 VER 1.8 NOV 87 

PROB (CONTD) 
2165 (NOTE: NO SOIL IS DlSKtGARuED FOR STRENGTH ANALYSIS> 

SOIL STkE~GTH ANALYSIS RESULTS 

HOLE NUMBER w98 

STKAT CEN- PEN SOIL wET 
tLEVA TION THICK TROIO UNIF. TEST CUrlES DENS INT. VAK I ANCE TAT 

STRAT -FEET- NESS OEPTH SOIL bLOWS/ TEST LBS/ LuS/ FRIC --------------
NlJM. FROM TO FEET FEET CLASS FOOT CONST sr.;FT CUf T ANG. PEAK AVG RATIO 

l 139 128 11. 0 5.5 Cl 744 1.26 (J. 0 3.b 2.4 't. 2 
2 128 124 4.0 13.v OTHE 10.H Uo v.u Z.4 l.b 3.7 

E.'97 



I '-" M .J ""' '- l ,_,.,, r .... I • L.... . u r f I '" v I I" - • J ,..., I • .J I v u ~ '""' • """ I 'II..) r u" I ,.... I "'u I .. 

jFAST BklDGE FlJ..UNOATlU~ ANLJ ~OIL TEST Pku~ - 224168 VER 1.8 NOV 87 

PROB (CUN TD} 
2165 (NOTE: NO SOIL IS OISKEGAROED FOR STk.cNGTH ANALYSIS> 

SOIL STRENGTH ANALYSIS KESULTS 
DISREGARD TO ELEVATION IS lj9.u FEET 

rlOLE NUMBER W98 ALLOloiAllLE k.COUCEU 
STATIC ALLLlwAtiU: 

FkICTIUNAL STATIC 
RESISTA~CE FkICTlONAL POINT 

DESIGN <OS> RESISTANCE BEARING 
STRESS TONS PER FT ------------------ BEAR STRENGTH TAT 

::iT~ATA ELEVATION OF SOIL OF PERIMETER FACTOR SNC TO 
NUMBER -FEET- TONS/SQFT Pt: R ACCUM- PER AC CUM- PEN 

FROM TO PER ST k.A T STRATUM ULATIVE SR STKATUM ULA TI VE NC TONS/ SQ FT RAT 

l 139. v 128.0 0.19 2.u~ 2.05 0.7 1.43 l.43 3.bl o.oo o.o 
2 128.0 124. 0 0.2& leU3 3.08 0.1 u.72 2.16 4.29 o.oo o.o 

E98 



C.CUNTY HARP.JS 
HIGHWAY NO US-290 
COtHROL 
l PE 

ELEY 

OCS0-05-033 

lOG tHD PEN· fEST 
NO. Cf BLOWS 

DRILLING LOG 

STRUCTURE 
HOLE NO 
ST ATI Ofl! 
LOCI, TI ON 

US-290 ~YPRESS B~PASS P.[T. wALL. TH~ ~lST i2 
04/17/90 W9S DATE 

DESC~Ji'!lOt·! OF '1ATEP.1Al 

GRD. EL.EV· 1J9.C 
G~D-"ATER ELEY· 139.Q 

lSt r ' 2ND ~· 

'1F.l!IDD 
Cf 

C~IHNG 

c 
LL Y, S U!COLO .. r:o.s !!' .~j. 

126.0 

•REMARKS1 

ORI LLER HJ KE BAHM LOGGER LOGGER AL FE.RP.ALL ~. TITLE. Nf.R. TE.CH III 

E99 



0 

~ TONS/SOFT 
~.oo 0.04 o.os 0.12 o. i6 0.20 0.24 o.2e 0.32 o.36 
~ I I I I ____ __J 

- ·~ 9 S 9 ©ACCUMULATIVE ALLOWABLE STATIC FRICTIONAL RESISTANCE 
:A A A A AACCUMULATJVE REDUCED ALLOWABLE STATIIC FRICTIONAL RESISTANCE oj : : · DES I GN STRESS OR 1 /2 SHEAR 5 TRENG TH OF SO i L 

~ : :x XX)( ><POINT BEARING STRENGTH 
~ ......... : ......... '. ......... P.I?~~~.AftP. JP. ~~~YAJ.19~ .. 1.3_9:9 ... ~-E~:.r ......................... . 

. 
1-8 
LL. • 

"° n :z:,_ 
1--t 

ti:! 
zo 

..... Do 
~ 

0 ~' 
0 1-N 

n <C,_ 
> 
lJ...i 
_J 
wo 

0 . 

............... ·~~· .. .. .. . . ~ 

00 
(\I 

I ""@k: • • . • • • • • • • • • . • • • • • . • • • • • • • 

·~ 

0 l -"' ~ ~ 
~ . . . '-· 
~ ! I I I I .>.~ -· """E9 I -·--·----, 
o.oo o.4o a.so 1 .20 l .so 2.00 2.40 2.eo 3.20 3.50 

TONS/FT OF PERIMETER 

COUNTY HARRIG STRUCTURE US-290 CYPRESS B~PASS RET. wALL· TH!) DJST i 2 
HIGHWAY NO US-290 HOLE. NO W98 DAlF. 0'1/17/90 

CONTROL OOSO·· 01> • 033 ST.AT I ON 197'9+00. cc ev PAZ 
I PE: LOCATION oo.oo· 

11 
0 
c 
z 
0 
1---i 

z 

=s: 
)> 
-I 

;o 
1--1 

)> 
r 

u 
;o 
0 
u 

ii 

.-J 
-I 
t--1 

rn 
Cf) 



TEST HOLE NC. w96 

GROUND ELEV. !39.Q 

. . . . . 

CLAY.SANDY.MU~TlCOLORED.STIFF.MDi. 



TEXAS OEPARTti't'NT OF HIGHWAYS ANO PUBLIC ·~NSPORTATION 
jf AST BRIDGE FOUNDATION ANO SOIL TEST PROG - 224168 VER 1.& OCT 84 

PROB CCONTO> 
1099 CYPRESS BYPl>SSCSKHJNER!HOLE 1~2tSPRING CYPRESS:~&4,CYPRS ROSE,HILL:5&6> 

COUNTY­
HIGHl.!AY NO.­
CONTRGL­
PROJECT NO.­
DATE-
GRO. ELEV.­
DISTRICT- 12 

D 
E F PEN 
p T lST 
T • 6IN 
H 

0 
1 
2 
3 
4 
5 
6 4 
·7 
8 
9 

10 
11 7 
12 
13 
14 
15 
16 10 
17 
LB 
19 
20 
21 14 
22 
23 
2"it 
25 
2f.. 20 
27 
28 
29 
30 
31_ ~G/6.00 
3·2 
33 
35 

DRILLING REPORT 

HARRIS 
us 290 
c 050-06-033 

04/01/85 
144.0 

s 
A 

PEN. M N 
2NO p 0 
6IN L • 

E 

1 
2 

3 
4 
5 
6 

6 
1 
8 
9 

10 
11 

11 
12 
13 
14 

11 

1 !j 
16 

37 

50/5.50 

TAT 
LAT-
ULT 
PSI 

o- 6 
o- 12. 
o- 12 
o- 18 

o- 8 
o- 1" 
o- 26 

o- 36 
G- 11 

G- 8 
o- 10 

WET 
DEN 
PCF 

131 

122 
131 
132 
134 

134 
129 
130 
131 

126 
131 
145 
134 

140 
147 

STRUCTURE­
HOLE NO.­
STATION­
OFFSET­
COOE D BY­
GRO •. WATER 

OVERPASS 
1 

1969+07.13 
3.28 FT. RT 
SFY 
ELEV .. - 14'1.0 

MOJ LL PI DESCRIPTION OF MATERIAL AND 
x % % REMARKS 

FISH-TAILED TO 3 FT. 

14 24 OLIVE Gv •• sL.SILTYtSANOY CL. 
14 -W/BLACK NODULES 

16 30 FIRMtGRAYtYELLOWISH BN,$ILTY 
16 -W/FERROUS NODULES 
19 37 
20 

15 31 -LIGHT GRAY 
25 -W/CALCS 
14 50 -W/BLACK NODULES 
18 64 -W/CALC. 

30 -W/CALC. 
31 -1.1/CALC. 
14 21 SLIGtlTLY COMPACT,RED,GY,SILTY 
15 20 

NO RECOVERY 

13 20 COMPACT,GRAYtBRNISH YE Lt SA NOY 
11; 30 FIRM !3LACK GRAY SILTY CLAY 

SAND-HARO-COULD NOT PUSH 

USING-WASHING-PEN 
wASHED-OUT 

E102 

W/CALC 

CLAY 

SANO 

CLAY 



36' 16 
37 
38 
39 
40 
41 15 
4 2. 
43 
44 
45 
46 46 
47 
48 
49 
50 

17 
17 
18 
19 
20 

17 
21 
22 

40 

51 50/3.00 50/2.25 
52 
53 
54 
55 
56 50/3.25 50/2.75 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 

12 12 

21 23 

o-
o-
o-
c-

o-

iRILLER- w. WILLMAN/M. BAHM 

37 
50 
39 
32 

9 

131 20 HARO,GRAYtRED,SLIGHT SIL TY CLAY 
132 19 56 
133 19 -LIGHT GY ,REDDISH YEL,IJ/BL. 
134 1B 48 -SAME-

19 FIRM,LT.GRAY,BROW~,SANDY CLAY 
132 19 32 

SAND-HARO-COULD NOT PUSH 

USING-WASHING-PEN 
WASHED-OUT 

LOGGER- R. K. CURSON 
TITLE-

E103 

NOD 



TEXAS DEPART~lNT OF HIGHWAYS ANO PUBLIC TRANSPORTATION 
FAST BkIDGE FOUNDATION AND SOIL TEST PROG - 224168 VER 1.6 OCT 84 

PROR <CONTD> 
1099 CYFRESS BYPASS<SKINNER!HOLE 1&2,SPRING CYPRfSS:3&4,CYPRS R OSEH ILL: 5&6 > 

SC IL STRO;GTH ANALYSIS RESULTS 

HOLE NUM8ER 1 

STR AT CEN- PEN SOIL WET 
ELEV fl. T IOrJ THICK TROID UNIF. TEST COHES DENS INT. VARIANCE TAT 

· TRAT -FEET- NESS DEPTH SOIL BLOWS/ TEST LBS/ LBS/ FRIC ----- ---- -- -- -
NUM. FROM TO FffT FEET CLASS FOOT CONST SQFT CUFT ANG. PEAK AVG RA TI 0 

1 144 141 : .• 0 1.5 OTHE ,., 141 1-.;a 2.J 4.Q OTHE "- ~~ ., 139 126 13.0 11.5 CL 14.0 60 1190 129 o.o 9.6 3.8 5.6 v 

4 126 121 5.G 20.5 OTHE 25.0 80 821 131 o.o 
5 121 118 3. iJ 24.5 OTHE 659 143 o.o 
6 118 108 10.G 31.0 OTHE 80.7 80 
7 108 103 5.0 38.5 CH 33.0 50 2860 132 o.o 5.1 2.6 4.9 
8 103 101 2.0 42.0 CL 32.G 60 
9 101 88 13.0 49.5 OTHE 157.3 80 677 132 o.o 

10 88 81 1.0 59.5 OTHE 112.0 80 
11 81 77 4.C 65.0 OTHE 44.0 80 

E104 



TEXAS DEPARHftlH OF HIGHWAYS Af\D PUBLIC ittANSPORTATION 
FAST BRIDGE FOUNDATION AND SOIL TEST PROG - 224168 VER 1.6 OCT 84 

PROB <CONTD> 
1099 CY PRE SS BYPASSCSKINNER:HOLE l&2"SPRING CYPRESS!3&4,CYPRS ROS EH ILL: 5&6 > 

SOIL STRENGTH ANALYSIS RESULTS 
DISREGARD TO ELEVATION IS 144.0 FEET 

HOLE NUMBER 1 ALLOl.IASLE REDUC[O 
STATIC ALLOWABLE 

FRICTIONAL STATIC 
RESISTANCE FRICTIONAL POI NT 

DESIGN <OS> RESISTANCE BEAR ING 
STRESS TONS PER FT ------------------ BEAR STRENGTH TAT 

STRA.TA ELEVATION GF SOIL OF PERI!iiETER FACTOR SNC TO 
NUMEER -FEET- TONS/SQFT PER AC CUM- PER AC CUM- PEN 

FROM TO PER STRAT STRATUM ULATIVE SR STRATUM ULA TI VE ~JC TONS/ SQFT RAT 

1 144.0 141.D o.oo o.oo o.oo 0.5 o.oo o.oo 4.29 0. 00 o.o 
2 141. 0 139.0 o.oo o.oo o.oo o.s o.oo o.oo 4 .29 0. 00 o.o 
3 139.0 126.G 0.30 3.87 3.87 0.5 1.93 1.93 3 .62 0. 00 1.3 
4 126.0 121.0 0.21 1.03 4.89 0.5 o.s1 2.45 4 .29 0. 00 0.1 
5 121.0 118.(J 0.16 o.49 5.39 o.s 0.25 2.69 4 .29 0. 00 o.o 
6 118. 0 108.0 1.01 10.08 15 .4 7 0.5 5.04 7.74 4.29 0. 00 o.o 
7 10a.o 103.0 0.12 3.58 19.05 0.5 1.79 9.52 2.57 o. 00 1.1 
8 103. 0 101.0 0.53 1.01 20.11 o.s 0.53 10.06 3 .62 0. 00 o.o 
9 101.0 88.0 0.11 2.20 22.31 1.0 2.20 12.26 '+ .29 0. 00 0.2 

10 88.0 81.0 0.85 5.95 28.26 1.0 5.95 18.21 4.29 0. 00 o.o 
11 81.0 11.0 0.55 2.20 30.46 o.s 1.10 19.31 4 .29 o. 00 o.o 

E105 



DRILLING LOG 

COUNTY HARRIS STRUCTURE BF AST THO DIST J 2 

HIGHWAY NO us 290 HOLE NO l OATE 04/0i/85 
CONTROL 0050-05-023 ST A TI ON 1969+07 .1 J CRO. ELE.V. 144.Q 

IPE LOCATION J.28 FT. RT GRD.WATER ~LEV. i44.0 

E.Lf.~ LOG THO PE.N. TE.ST "IE.THOO 
NO. OF BLOWS DE.SCll1PTf01l OF "ATE.RI AL OF 

FT. lST 6" 2HD t;• (c~RINC 

14 ... 0 0 
0 I I 

FlSH-TAILE.O TO J FT. --
141.0 OLIVE. CRAY.Si... St •• SANOT CLAY -
139.0 14 {6,{!"l 14 16.!l"l FlP.l1 •• CflAY. YE.LLOWlSH er; .. S!LTY CLAl' ---

10 
;o-

7 (6.0"l 6 (6.0"l -----
10(6.0"l .. '"' ,,., ---

126-0 Si..IGHTi..r COMPACT,ftO.CflAT.SILTY SANO 
20 -

20 ... (6.0"l 11 ("6.0"l -
-

121 .o 
CONf'ACT.CRAY.B~NISH YE.L •• SANOY CLAY -

20(6.0"I J7 (6.()"l -11s.o &ENSE. SAND --
30 50 (f;. Q ., <tn1.:.s•1 

JO -----.. 
16(6.0-l 1716.0*J -ioe.o 

HARD.GRAY.R~O.Si..IGHT SILTY CLAY --
.co 40 -

IS (6.0"I 17 <6 .0·1 -
IOJ.O Flf!l'l.LT. GY •• 8N •• SAHDY CLAY -
101 .c DENSE. SAND -

46(!;.0•1 40 (5.n•1 ----
so so (J .()"} so <2.'.>"l 

50: 

----
SO(J.::>•) so ~2. )'") -

81!.C ISdGHTi..T CONl'ACT SAND --
60 'iO -

12 !6.0"l 12<6.0"I ---s1.o COMPACT SANO -
21 (6.0*l il'J (6.0"I ---

•REMARKS: 

DRILLER w. wllLMAN/M. B.A.HM LOGGl'R R. K. CURSON TITLE 



tx:I .... 
0 
....,J 

0 

~ TONS/SOFT 
c:0.oo 0.20 0.40 o.so a.so 1 .oo 1 .20 1 .40 1 .so 1 .so 
~-+--~~~~~~~-1-~~~~~~~-'-~~~-'-~~~-'-~~~--'-~~~--'~~~--' 

·~ 6 6 8 0ACCUMULATIVE ALLOWABLE STATIC FRICTIONAL RESISTANCE 
:A A A A ~ACCUMULATIVE REDUCED ALLOWABLE STATIIC FRICTIONAL RESISTANCE 

~ : :x XX X XPOlNT BEARING STRENGTH 
oi . · DESIGN STRESS OR 1/2 SHEAR STRENGTH OF SOIL 

~ ......... : ......... : ......... P.I.S~_E9~~P. !9. ~~~Y~J.19~. _1_4_4:9 ... fq:_T_ ........................ . 

. 
1-0 

0 
LL • 

0 

z~ 
t-1 

z 
00 

0 
t--1 

1-0 <(:: 
> 
w 
_J 

LU 0 
0 

(.) 

00 

~L_~---;Tc;o-~ <..00. 00 4.00 12.00 16-00 20.00 24.00 
TONS/FT OF PERIMETER 

s.oo 

COUNTY HARRIS 
HIGHWAY NO US 290 
CONTROL 0050-06-033 
IPE 

STRUCTURE BFAST 

HOLE NO I 

STATTON 1969+07.13 
LOCATION ~.28 FT. RT 

28.00 

THO DIST 
DATE 

BY 

32.00 

12 
04/01/85 

SFY 

36-00 

71 
0 
c: 
:z. 
d 
~­

.. z. o· 
3: 
)>. 
·-I 
rn. 
::tJ' 
._.:....::.. 

:i;· 
r 
-:-u 
::tJ. 
0 
.:i:J 

a 
-I ,.. 
1--1 

rn 
(f) 



TEXAS DEPARTMdlJT OF HlGHMAYS AND PUBLIC i"'RANSPORTATION 
FAST BRIDGE FOUNDATION AND SOIL TEST PROG - 224168 VER 1.6 OCT 84 

PROP. <CG'1Tu> 
1G99 CYPRESS BYPASSCSKINNER:~OLE l&~tSPRI~G CYPRESS:3&4~CYPRS ROSEHILL:5&6> 

DRILLING REPORT 

CGUNTY­
HIGHlrJAY NO.­
CONTROL­
PROJECT NO.­
DATE-
Gl\D. LLEv.-
0,1 S TR I C T - l 2 

c 
l F 
p T 
T • 
t-• 

c 
1 
2 
3 
4 
5 

7 
e 
9 

10 
11 

13 
l '! 

., ~ ,. _ 
16 
17 
18 
19 
2 G 
,1 

PE:"J 
lST 
6lf.< 

5 

i, 

H 

l:.? 

20 

Ht."RIS 
US <.. ':iO 
\) 05> ()6-033 

C't/01185 
144. 4 

~ 

A 

P ::::r: rt; N 
2~rn p 0 
td." l . 

-

1 
2 

5 

3 

7 
4 
.., 
f 

7 
l u 

e 
9 

IV 
;.- a 

11 
12 

t.:~ 

TAT 
LAT-
ULT 
PSI 

o- 5 

o- .,.. 

o- 4 
o- 15 
o- 14 
o- 11 

c- 17 
(i- .A.2 

1<:! H 
;f 

IH£T 

STRUCTURE­
HOLE. NO• -
STATION­
OFFSET­
CODED 8Y­
GRD. WATER 

OVERPASS 
2 

1966+68.68 
10.6 FT. RT 
SFY 
ELEV.- 144.4 

DEN MCI LL PI DES CR IPTI O~J OF MATERIAL 
PCF "' ~ ::( REMAPKS ,. 

NO RECOVERY 

1~2 l6 25 SL. CO~P.tGYtSL.CL.,SA-SI 
137 18 

138 14 29 

125" 18 FIRM,TAN,SILTY CLAY 
133 28 4P 
128 23 52 

~ND 

MIX W/ORG 

115 26 -IUCALC. NODS & SILT STONE LAYERS 

SLIGHT COMPACT.,BROWN SIL TY SAN() 
130 2'1 63 -BECOMING M::>RE SIL TY 
132 13 !9 

16 

COMPACTtBROW~tSTLTY SAM) 
16 -WATER BEARING . -..a.e 

1 7 :::3 

NO RECOVERY 

E108 



36 14 o- t+ 0 139 19 HARO,LT.Gt.,TAN,SILTY CLAY I.I/BL.NOD 
37 15 o- 57 137 18 49 
38 16 o- 54 138 18 
39 17 o- 43 138 19 46 
40 l~ 16 
41 18 o- 42 132 21 HARO,LT. GY,TAN,v. SL. SIL TY CLAY 
42 19 a- 51 130 24 57 -IJ/BLACK NODULES 
43 20 o- 39 133 22 57 
44 21 o- 37 132 19 
45 15 40 
46 COMPACT, TAN, F HJE & MO. SA.ND W/SI PK 
47 -WATER BEARING 
48 22 23 25 
49 23 22 
50 S0/4.00 4816.00 
51 
52 
53 24 23 21 -WITHOUT SILT DOCKETS 

0 54 
55 47 48 
56 NO RECOVERY 
'j 7 
ti8 
59 
60 40 26 
61 
62 
63 
64 
65 10 13 

•RILLER- w. WILLMAN/M. BAHM LOGGER- R. K. CURSON 
TITLE-

E109 



TEX AS DEP ARTMt(H OF HIGHWAYS AND PUBLIC ilhNSPORT AT ION 
FAST BhIDGE FOU~OATION AND SOIL TEST PROG - 224168 VER 1.6 OCT 84 

PROB <CONTD> 
1099 CYPRES~ BYPASS< SKINNER: HOLE 1&2.,SPRING CYPRESS:3&4,CYPRS ROSEH ILL: 5&6 > 

SCIL STRENG TH A.NALYSIS RESULTS 

hOLE NUMB ER 2 

STRAT CEN- PEN SOIL WET 
ELE.VATIOI\ THICK TROIO UNIF. TEST COHES DENS INT. VARI t..NCE TAT 

, TRA T -FEfT- NESS DEPTH SCIL SLOWS/ TEST LBS/ LBS/ FRIC ----- ---- ---- -
tJUM • FROM TO FEET FEET CLASS FOOT CONST SQFT CUFT ANG. PEAK AVG RA TI 0 

1 144 142 2.0 l.o OTHE 
2 142 139 3.0 3.5 OTHE 360 137 o.o 
3 139 134 5.c 7.5 CL 10.c 60 317 138 o.o 
4 134 128 6. [; 13.0 CL 16.5 60 805 125 o.o 3.4 1.1 4.4 
:i 128 122 6.J 19.0 OTHE 32.0 80 104 0 131 o.o 
6 122 114 8.0 26.0 OTHE 46.0 80 
7 11'+ 109 5. () 32.5 OTHE 2a.o 80 
8 109 103 6.0 38.0 CL 30.0 60 3492 138 o.o '+. 3 3.4 3.5 
9 103 99 4.G 43.C CH 3049 132 o.o 4.3 2.1 4. 5 

10 99. 89 10.0 50.0 OTHE 86.3 80 
11 89 78 11. 0 60.5 OTHE 61.3 80 
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TEXAS DEPARTMENT OF HIGHWAYS ANO PUBLIC TRANSPORTATION 
FAST BRIDGE FOUNDATION ANO SOIL TEST PROG - 224168 VER 1.6 OCT 84 

PROB <CONTD> 
1099 CYPRESS BYPASS(SKINNER:HOLE 1&2,SPRING CYPRESS:3&4,CYPRS ROSEHILL:5&6> 

SOIL STRENG Tl-I ANALYSIS RESULTS 
DISREGARD TO ELEVATION IS 144.4 FEET 

HOU: l\iUMBER 2 ALLOWABLE REDUCED 
STATIC ALLOl.IABLE 

FRICTIONAL STATIC 
RESISTANCE FR I CTIONA.l POI NT 

DESIGN <OS> RESISTANCE BEAR ING 
STRESS TONS PER FT ------------------ BEAR STRENGTH TAT 

STRATA ELEVATION OF SOIL OF PERIMETER FACTOR SNC TO 
NUf.IF.ER -FEET- TONS/SQFT PER AC CUM- PER ACCU~- PEN 

FROM TO PER STRAT STRATUM UL AT IVE SR STRATUM ULATIVE NC TON SI SQFT RAT 

1 14lf.4 142 .4 o.oo o.oo o.oo 0.5 o.oo o.oo 4.29 0 •GO o.o 
2 142.4 139.4 0.09 0.21 0.21 o.s 0.13 0.13 4 .29 Q •GO o.o 
3 139.4 134.4 o.os 0.40 o.67 0.5 0 .20 o.33 3.62 0. 00 0.5 
4 134.4 128.4 0.20 1.21 1.87 o.s 0.60 0.54 3.62 o. 00 0.7 
5 128.4 122.4 0.26 1.56 3.43 o.s o.1s 1.72 4 .29 a. oo 0.1 
6 122.4 114.4 0.57 4.60 a. o:., o.s 2.30 4. 02 4 .29 0. 00 o.o 
7 114.4 1011.4 0.35 1.75 9. 7& 0.5 0.87 4.89 4.29 0. 00 o.o 
8 1013.4 103.4 0.87 5.24 15.0-2_ o.s 2.62 7.51 3 .62 o. 00 1.1 
9 103.4 99.4 0.76 3.05 18.07 0.5 1.52 9.04 2.57 0. 00 o.o 

10 99,.4 89.4 1.08 10.79 28.86 0.5 5.39 14.'t3 4.29 o. 00 o.o 
11 89.4 78.4 0.77 a.43 37.29 o.s 4.22 18.65 4 .29 0. 00 o.o 
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COUNTY HARRIS 
HIGHWAY NO US 290 

CONTROL ooso-os-OS3 
!PE 

E.Lf. ~ LOG THO ff.N. TE.ST 
HO. OF BLOWS 

FT. IST 6" 2:.0 6" 

........ 0 

142-4 

139.4 s (6.0"I S (6. 0·1 

134.4 10 6 C'S. 0 •1 7 (6. 0·1 

10 (r,.0•1 10C6.0"l 

128.4 

20 12 tr..0•1 20 (6 .0•1 

122.4 

20 (6 .0·1 21.1 (6.0"l 

114.4 30 12 (6.0"1 16 (6.0"I 

109.4 13(6.0"I 1Ei(6.0"l 

40 '"'<6.0'> 16 (f;.ft't 

103.4 

99.4 15(6.0"l 40 (6.0"l 

so so (4 .0•1 4S u·,.0•1 

69-.4 
147 u;.0•1 4S <6-0"1 

60 40 (6.0·1 26 u;.0•1 

10 (6.0"l 13 C&.0•1 

•REMARKS: 

DRIL"LING LOG 

STRUCTURE 
HOLE NO 
STATION 
LOCATION 

SF AST 
2 

1966+66.66 
10.r, FT. RT 

Ol $CP, I PT JOU OF MAT E.R l AL 

NO RE.COYE.RY TO 2 ~T 

SL. C0!1f' .• CY,SL.CL .. $A-Sl l'IIX W/01\G 

SOFT.TAN.SllTY CLAY W/Ft.R. 1100. 

FlP.~.TAN.SllTY CLAY 

S~IGHT COl1PACT.8ROWN SILTY SANO 

CON!"ACT,WATE.R eE.ARING.6N.S:LTY SANO 

NO RE.COYE.RY 

HARD.LT.GY.TAN.SILTY CLAY W/BL. NOD 

HAftO,LT.CY.TAll.V.SL.Sl.CL. W/Bl-NOO 

C0'1PACT.TAll.~IHE & 111).SANO V/SI PKT 

HO RE.(!lYERY 

DRILLER W. WILLMAN/M. BAHM LOGGER R. K. CURSON TITLE 

P11? 

THO CIST 12 
DATE 04/0i/65 
GRD. ELEV. 144.4 

GRD.WATER ELEV. 144.4 

"IETHOC 
OF 

COl\ING 

0 

-
--
---

iO -

-----
--

2~ --

------
30 -

----
---

40 --
---
---

so ------
---

1)0 --------



t%j ..... .... 
w 

0 

~ TONS/SOFT 
d).00 0.20 0.40 Q.60 Q.80 1.00 1.20 1.40 1.60 1.80 
~-+-~~~-1-~~~-l----'-~~...J..-~~~-'-~~~-'-~~~-'-~~~-'-~~~-'-~~--' 

0 
0 . 
01111 I 

~ 

·o 
1-o 
LL . 

0 
(\J 

Z-
t--< 

z. oo 
1--i ~ 
f-0 
<('. 0 
>­
w 
_J 

w 0 
0 

·C9 ©©©©ACCUMULATIVE ALLOWABLE STATIC FRICTIONAL RESISTANCE 
:& A A A AACCUMULATIVE REDUCED ALLOWABLE STATIIC FRICTIONAL RESISTANCE 
~~~-DESIGN STRESS OR 1/2 SHEAR STRENGTH OF SOIL 

.v v v v VPOINT BEARING STRENGTH 
DISREGARD TO ELEVATION 144.4 FEET 

, ............. , .................. ,. ........................ ,. .... .. 
I 

o ..... ~ .... "' . - .. <I ................. "' " ................ .. 

00 

0 
0 . 
o+-~~~-,.-~~~-.-~~~-.--~~~,--~~~..--~~~,--~~~,--~~~-.--~~---, 

~o.oo 5.oo 10.00 1s.oo 20.00 2s.oo 30.00 3s.oo 40.00 45.00 

COUNTY tiARR IS 

HIGHWAY NO US 290 
CONTROL OOS0-06-033 

IPE 

TONS/FT OF PERIMETER 

STRUCTURE BFAST 
HOLE NO 
STATION 

2 

1966+68.68 

LOCATION 10.6 FT. RT 

THO DIST 
DATE 
BY 

12 
04/01/85 

SFY 

Tl. 
0 
c 
Z: 
0 
t-~t·. 

6. 
--;7. 
~· 

~: 
-:-1. 
rn ::o: 
~: 

):> 
r 

·-a 
::0 
0 
-0 a 
-l 

. '"""'.::'· 
rn 
'(/) 



BF/.ST BRIDGE FQUNDATION AND SOIL TEST PROG - 224168 • 
VER 1.6 OCT 8'+ 

PROB <CONTD> 
1217 us 2SO:CYPRESS ~ YPASS <NOTE: NO SOIL DISREGARDED FOR STRENGTH ANALYSIS> 

OR ILLI NG REPORT 

COUNTY- HARRIS STRUCTURE- BRIDGE iii SKINNER ROAD 
HIGHWAY NO.- us 290 HOLE NO.- SK3 
CONTROL- 0050-06-033 STATION- 1971+01 
PROJECT NO.- OFFSET- 19.6 FT RT 
DATE• 05/01/86 CODE 0 BY- SJH 
GRO. ELEV.- 143. 0 GRD. IJATER ELEV.- l'f3.0 
DISTRICT- 12 

s 
0 A TAT 
E F PEN PEN " N LAT- WET 
p T lST 2NO p 0 ULT OEN MOI LL PI DESCRIPTION OF MATERIAL ANO 
T • 6IN 6IN L • PSI PCF x % % REMARKS 
H E 

0 NO COREtBLACKtCLAYEY SANO TO 4 FTe 
1 
2 
3 
4 
5 5 3 
6 PEN-CUTTINGS-NO-COREtSAME AS BELOW 
7 1 15 LIGHT GRAYtTAN,CLAYEY SANO 
8 2 o- 19 137 15' 28 -STIFF 
9 3 o- 15 140 16 -STIFF 

10 3 3 
11 PEN-CUTTINGS-NO-COREtSAHE AS BELOW 
12 4 130 22 GRAY,TANtBROWN CLAY 
13 5 o- 24 134 18 54 -VERY STIFFY 
14 6 o- 33 135 16 -HARD 
15 6 7 
16 PEN-CUTTINGS-NO-COREtSAHE AS BELOW 
17 7 o- 25 132 23 53 VERY STIFF,BROWNtGRAY CLAY W/CALCS• 
18 a 16 BROWN,GRAY SAND W/V. SL. CLAY 
19 9 134 11 21 
20 10 11 
21 PEN-CUTtNO COREtHAT'L SAHE AS BELOW 
22 10 139 15 GRAY SAND W/VERY SLIGHT CLAY 
23 11 142 13 16 
2'l 12 140 15 
25 23 32 
26 PEN-CUTtNO CORE,HAT'L SAHE AS BELOW 
27 13 135 14 GRAY SANO W/VERY SLIGHT CLAY 
28 14 138 1t+ 25 
29 15 14 
30 50/3.35 29/6.0C 
31 16 o- 53 140 16 HARD tL I GHT GRAY CLAY 
32 17 o- 59 139 17 46 -HARO 
33 18 o- 60 138 16 -HARD 
34 19 o- 58 138 17 50 -HARO 
35 15 16 

E114 



3., 21 o- 32 138 16 49 -HARD 
3§ 22 oQ9 137 18 -HARl 
39 23 o- 41'136 18 36 -HARD 
40 20 33 
41 PEN-CUT,NO COREtMAT'L SAME AS BELOW 
42 24 17 GRAY 9 TAN,SILTY SAND 
43 25 18 25 
44 26 19 
45 50/3.00 50/2 .35 
'+6 NO RECOVERY,DENSE SANO 
47 
48 
443 
50 5015.00 50/6.00 
51 PEN-CUTTINGS-NO-COREtSAME AS BELOW 
52 27 19 20 GRAY,SILTY SANO 
53 28 18 BROUNtSILTY SANO 
54 29 17 
55 27 lB 
56 PEN-CUTtNO-COREtMAT 9 L SAME AS BELOW 
57 30 21 GRAYtSILTY SANO 
58 31 21 
59 32 29 41 BROWN,SILTY,SANDY CLAY 
&O 29 18 
61 PEN-CUTTINGS-NO-COREtSAME AS BELOW 
62 33 18 LIGHT BROWN SAND 
63 34 18 
64 35 o- 24 125 32 62 VERY STIFF,BROWN CLAY 
65 12 14 
66 36 o- 60 139 12 HAROtGRAYtTAN CLAY 
67 37 o- 60 139 11 33 HARO,GRAYtTANtSANDY CLAY 
68 38 o- 60 139 12 -HARD 
69 39 o- 60 141 12. 34 -HARD 
70 25 23 
71 40 o- 51 135 18 .,:HARD 
72 '+ 1 o- '+ 7 136 18 39 -HARO 
73 42 o- 52 139 17 -HARO 
74 43 o- 30 138 13 23 HARDtGRAYtTANtCLAYEY SAND 
75 4616.00 54/4 .so 

DRILLER- HIKE BAHM LOGGER- R. CURSON,JOHN HOES 
TITLE-
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fJFAST BRIDGE FO~NOATION AND SOIL TEST PROG - 224168 VER 1.6 OCT 84 

PROB <CONTD> 
1217 us 290:CYPRESS BYPASS <NOTE: NO SOIL DISREGARDED FOR STRENGTH ANALYSIS> 

SOIL STRENGTH ANALYSIS RESULTS 

HOLE NUMBER SK3 

STRAT CEN- PEN SOIL WET 
ELEVATION THICK TROID UNIF. TEST CO HES DENS INT. VARIANCE TAT 

STRAT -FEET- NESS DEPTH SOIL BLOWS/ TEST LBS/ LBS/ FRIC --------------
NUH. FROM TO FEET FEET CLASS FOOT CONST SGFT CUFT ANG. PEAK AVG RATIO 

1 143 138 5.0 2.s SC 
2 138 133 s.o 7.5 SC s.o 70 1246 138 o.o 
3 133 126 7.0 13.5 CH 9.5 50 2052 1.3'f o.o 
4 126 113 13.0 23.5 OTHE 38.0 80 1793 132 o.o 
5 113 108 5.0 32.5 CH 101.4 50 4142 139 o.o 2.3 1.1 If. 3 
6 108 103 s.o 37.5 CL :n.o 60 3425 137 o.o 1.1 5.5 3.4 
7 103 99 4.0 '+ 2. 0 OTHE 53.0 80 
8 99 93 6.0 4 7. 0 OTHE 22 lf .3 80 
9 93 85 0.0 54.0 OTHE 11.0 80 

10 85 83 2.0 59.0 CL 
11 83 80 3.0 61.5 OTHE 47.0 80 
12 80 77 3.0 64.5 CH 26.0 50 171f.2 125 o.o 
13 11 70 1.0 69.5 CL 48.0 60 lf.058 138 o.o 4.5 2.5 3.7 
14 70 67 3.0 74.5 SC 114.3 70 2956 ·139 0 .o 
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r3FAST BRIDGE FOUNDATION ANO SCIL·TEST PROG - 224168 VER 1.6 OCT 84 

PROB <CONTD> 
1217 us 250:CYPRESS BYPASS <NOTE:NO SOIL DISREGARDED FOR STRENGTH ANALYSIS> 

SOIL STRENGTH ANALYSIS RESULTS 
DISREGARD TO ELEVATION IS 143.0 FEET 

HOLE NUMBER SK3 ALLOWABLE REDUCED 
ST A TIC ALLOWABLE 

FRICTIONAL STATIC 
RESISTANCE FRICTIONAL POINT 

DESIGN <OS> RESISTANCE BEARING 
STRESS TONS PER FT ------------------ BEAR STRENGTH TAT 

STRATA ELEVATION OF SOIL OF PER IH ETER FACTOR SNC TO 
NUMBER -FEET- TONS/SQFT PER AC CUM- PER ACCUM- PEN 

FROM TO PER STRAT STRATUM ULATIVE SR STRATUM UL AT IVE NC TONS/SQFT RAT 

l 143.0 138.0 0 .o 0 0 .o 0 a .o o o. 5 0 .. 00 o.oo 4.29 o.oo a.o 
2 138.0 133.0 0.31 1.56 1.56 0.5 0.78 o.1a .... 29 0 .o 0 2.1 
3 133.0 126.0 0.51 3.59 5 .15 0.5 1.ao 2.57 2.57 a.oo 2.1 
... 126.0 113.0 0.45 5.83 10.97 0.5 2.91 5.lf9 4.29 o.oo 0.9 
5 113.0 108.0 1.04 5.18 16.15 1. 0 5.18 10.66 2.57 o.oo 1.2 
6 1oa.o 103.0 0.86 4.28 20.4 3 0.5 2.14 12.81 3.62 o.oo 1.1 
7 103.0 99.0 o.66 2.65 23.0 8 0.5 1.32 14-13 4.29 o.oo o.o 
8 99.0 93.0 1.25 7.50 30.58 1.0 7.50 21.63 4.29 o.oo o.o 
9 93.D as.a 0.96 1.10 38.25 o.s 3.85 25.48 lf..29 o.oo 0 .o 

10 as.a 83.0 o.oo o.o 0 38.29 o.5 o.oo 25.48 3.62 o.oo o.o 
11 83.0 ao.o 0.59 1.76 40.0 5 o.s o.as 26.36 4.29 o.oo o.o 
12 ao.o 11.0 D .lf.4 1.:s 1 41.:S 6 o.s o.65 21.02 2.57 o.oo a.a 
13 11.0 10.0 1.01 1.10 4 8 .'t 6 o.s 3.55 30.57 3.62 o.oo 1.3 
14 10.0 67.0 0.74 2.22 50.6 8 1. 0 2.22 32.79 4.29 o.oo 0.9 



COUNTY HARRIS 
HIGHWAY NO US 290 
CONTROL 
IPE 

ELEV 

FT. 

143.0 

138.0 

13J.o 

126-0 

113.0 

108-0 

103.0 

99.0 

13.0 

as.o 
13.0 

ao.o 

77.0 

70.0 

0 

10 

20 

30 

40 

so 

.·60 

70 

•REMARKS• 

OOS0-06-0JJ 

LOC THO PEN· TEST 
NO. OF Slows· 

IST r 2ND G• 

Is (6.0•1 13 (6.0·1 

13 (6.0•1 13 (6 .(!•) 

16 <G.0•1 ~ (6.0•1 

1t1<6 .o•i 11 (6.(!•) 

123 (6.0•1 132 (6.0·1 

tso c3.3•i 29 <6.0·1 

IS <6.0•1 16 (6.0•1 

120 rg.o•i tnr&.0•1 

\.>.u \L•-> 

socs.0•1 "'n f6.0•1 

~7 (G.0•1 18 (6.0·1 

~a rG.o•i 16 (6.0•1 

12 (6.0•1 14 <6.0•1 

125 (6.0•1 bJ t6.0•1 

146 (6 .0•1 ts4 <4.s•i 

GtlE oeso. • 

DRILLER MIKE BAHM 

DRILLING LOG 

STRUCTURE BRIDGE • SKINNER ROAD 
HOLE NO SKJ 
STATION 1971•0i 
LOCATION 19.6 FT RT 

DESCftll'TION OF HATEftlAL 

tLATET SANO.NO CORE 

STIFF.LIGHT GftAY.TAN.GLAYET SAND 

VEftT STIFF.GRAT.SP.OWN CLAT 

GRAT SAND 

HARD.LIGHT GRAT Cl.AT 

HARD.GRAT.SANDT Ci.AT 

GRAT,TAN.SlLTT SAND 

~0-ftECCVEftY,DENSE SAND 

GRAT.SILTY SAND 

8P.OWN.SIL1Y.SANDY CLAY 
LIGHT BROWN SAND 

HAftD,GRAT.BROWN Cl.AT 

11AIU.I• t;;ftAT, 1 Afl, SANDY CLAY 

11AftD,t;;ftAT.TAN.Q.ATET SAND 

END OF DRLG. 

LOGGER R. CURSON. JOHN HOES TITLE 

F.118 

THO DIST 
DATE 
GRO. ELEV. 

12 
OS/01/86 

143.0 
CRO.WATER ELEV. i4J.Q 

...::THOO 
OF 

CORING 

c 
----
---

10-
------
-

20: 
--------:so-
----
---40-
---
----so-
-------

GO· 

--
--
--

70: 
--
---

i 
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0 

C: TONS/SOFT 
d).QO 0.20 0.40 0.60 0.80 1 .QO 1 .20 1 .40 1 .60 1 .80 
tO-t--~~~--~~~-4-~~~--''--~~~..._~~~-'-~~~-'-~~~--a..~~~---''--~~----' .... ·C9 C9 C9 C9 ©ACCUMULATIVE ALLOWABLE STATIC FRICTIONAL RESISTANCE 

:A A A A AACCUMULATIVE REDUCED ALLOWABLE STATllC FRICTIONAL RESISTANCE 

': : '.)( )( )( )( ><POINT BEARING STRENGTH 
oj · : DESIGN STRESS OR. t /2 SHEAR STRENGTH OF SO IL 

. . 
~ ......... : ......... : ......... P.t.s~~9~~P. IP. ~~~Y!'-I.IP~ .. 1.4.3:P ... f~f:.T. ........................ . 

"o 
1--o 
LL • 

0 
("IJ 

Z.-
.-

:z ao ...... c: 
1--0 
<o . . . . . . "' . .. .. . . . . . . "' . . . . .. .. . . . . . . . . . . . . . . .. . . . . . . . . . .. .. .. . . . .. . .. ,. 
>-
w 
_J 

WO c:~r=::==:=::~=::f·::::::~=:=:=~====~~~~::::::::::::~ r~-~· ~+: ====· · 1 . . '"'! 
04tC ••••••••••••••••••••• 
(X) 

0 
0 . 
0-1-~~~..--~~---..~~~--.-~~~--.--~~~---~~--~~~--.-~~~--..--~~---. 
(.0 

O.QO 8.00 16.00 24.00 32.00 40.00 48.00 56.00 64.00 72.00 
TONS/FT OF PERIMETER 

COUNTY HARRIS STRUCTURE JRIDGE I SKlNNER ROAD 
HIGHWAY NO US 290 HOLE NO 'skJ 
CONTROL 0050-06-0JJ STATION 19T1+0l 

tPE LOCATION 19.6 FT RT 

THO DIST 
DATE 
BY 

.12 
05/01/SG 
SJH 

11: 
0 

.c·. 
.z-
0 
......... 
z: 
0 
3: 
)> 
~ 

rn 
;o 
i:-'4' 

> r 

-0 
;o 
0 
-o. a 
--1 
......... 
rn 
(J) 



eFAST BRIDGE FOUNDATION ANO SOIL TEST .PROG - 224168 VER 1.6 OCT Bil 

-
PROB <CONTD> 
1217 us 2'30:CYPRESS 8 YPASS <NOTE: f\O SOIL DISREGARDED FOR STRENGTH ANALYSIS> 

DRILLING REPORT 

COUNTY- HARRIS STRUCTURE- BRIDGE iii SKINNER ROAD 
HIGHWAY NO.- us 2'30 HOLE NO.- SK4 
CONTROL- 0050-06-033 STATION- 1972+76 
PROJECT NO.- OFFS ET- 21.7 FT RT 
DATE- 05/01/86 CODEC BY- SJH 
GRO. ELEV.- 1'1-2. 3 GRO. WATER ELEV·- 1~2.3 

DISTRICT- 12 

s 
,0 A TAT 
E F PEN PEN " N LAT- WET 
p T lST 2ND p 0 ULT OEN '10 I LL PI DESCRIPTION OF '1ATERIAL ANO 
T • 6IN 6IN L • PSI PCF % % : REMARKS 
H E 

0 NO RECOVERY TO 4 FT. 
1 
2 
3 
4 
5 6 
6 PEN-CUTtNO-COREtMAT •L SAME-As--e-E·cow 
7 
8 1 o- 23 138 15 33 VERY STIFF1GRAY1TAN1SANDY CLAY 
9 2 o- 2 't 140 14 -VERY STIFF 

10 3 
11 PEN-CUT1NO•CORE1HAT•L SAME AS BELOW 
12 3 28 GRAYtBROWN CLAY 
13 4 o- 18 131 33 8'4 -STIFF W/SOME CALCS. 
14 5 o- 31 133 22 -HARO 
15 6 6 
16 6 137 15 GRAY1TAN SANO W/VERY SLIGHT CLAY 
17 7 136 15 18 
18 a 135 18 
19 9 142 14 19 
20 16 12 
21 10 o- 10 138 13 FIRH1GRAY,TANtSILTYtCLAYEY SAND 
22 11 1'+0 14 25 
23 12 o- 11 1'1-0 15 
24 13 o- 9 138 15 25 
25 12 19 
26 14 13 LIGHT GRAY SAND 
27 15 139 13 
28 16 135 16 21 
29 17 132 16 
30 31 15 
31 18 15 LIGHT GRAYtSANOY CLAY 
32 19 o- 't-6 141 16 't-6 -HARD 
33 20 o- 58 140 15 -HARD 
34 21 o- 51 139 17 40 -HARO 
35 16 18 

E120 



37 23 o- 35 134 21 27 -HARD 
38 24 009 135 19 -STIF 
39 25 134 17 32 
40 35 26 
41 PEN-CUTtNO-COREtMAT•L SAME AS BELOW 
42 26 21 GRAY t SILTY SAN 0 
43 27 19 23 
4 '+ 28 19 
45 27 31 
46 NO RECOVERYtSAND 
47 
48 
49 
50 21 19 
51 NO RECOVERYtSAND 
52 
53 
54 
55 33 23 
56 NO RECOVERYtSANO 
57 
58 
59 
60 5 0 /5. 0 0 45/6.00 
61 PEN-CUTTINGS-NO-COREtSAME AS BELOW 
62 29 o- 23 125 25 VERY STIFF,GRAY,BROWN CLAY 
63 30 o- 20 129 23 56 -STIFF 
6'+ 31 o- 32 139 16 -HARD 
65 18 20 
66 PEN-CUTtNO-CDREtMAT•L SAME AS BELOW 
67 32 o- 60 11 HAROtGRAYtTANtSANOY CLAY 
68 33 o- 60 12 41+ -HARO 
69 34 o- 59 l'tl 15 -HARO 
70 28 30 
71 35 o- 20 137 16 -STIFF 
12 36 o- 31 136 19 -HARO 
73 37 o- 21 135 19 26 VERY STIFF,GRAY,TAN,CLAYEY SANO 
7 '+ 38 135 19 
75 44 56 

uRILLER- MIKE BAHM LOGGER- R. CURSON,JOHN HOES 
TITLE-
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3FAST BRIDGE FOUNDATION AND SOIL TEST PROG - 224168 VER 1.6 OCT 84 

PROB (CONTD> 
1217 us 290!CYPRESS BYPASS <NOTE:f'\O SOIL DISREGARDED FOR STRENGTH ANALYSIS> 

SO IL STRENGTH ANALYSIS RESULTS 

HOLE NUMBER SK4 

STRAT CEN- PEN SOIL WET 
ELEVATION THICK TROID UNIF. TEST CO HES DENS INT. VARIANCE TAT 

STRAT -FEET- NESS DEPTH SOIL BLOWS/ TEST LBS/ LBS/ FRIC --------------NUM .. FROM TO FEET FEET CLASS FOOT CONST SQFT CUFT ANG. PEAK AVG RATIO 

1 142 137 5.0 2.s OTHE 
2 137 132 5.0 7.5 CL 10.0 60 1717 139 o.o 
3 132 127 s.o 12.5 CH 6.0 50 1768 132 o.o 
4 127 122 s.o 17.5 OTHE 12.0 80 
5 122 117 5.0 22.5 SC 2s.o 70 720 139 o.o o.4 o.3 3.7 
6 117 112 5.0 27.5 OTHE 31.0 80 
7 112 107 s.o 32.5 CL 46.0 60 3720 140 0 .o 3.1 2.0 3. CJ 
8 107 102 5.0 37.5 SC 34.0 70 2448 135 o.o 7.4 4.9 4.1 
9 102 97 5.0 42.5 OTHE 61.0 80 

10 97 82 15.0 52.5 OTHE 51.3 80 
11 82 77 5.0 62.5 CH 103.6 50 1795 131 o.o 3.6 2.4 3.6 
12 77 70 1.0 68.5 CL 48.0 60 3611 139 o.o 14.9 7.5 3.8 
13 70 66 4.0 7'4.0 SC 100.0 70 1890 135 o.o 
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E:!FAST BRIDGE FOUNDATION AND SOIL TEST PROG - 224168 VER 1.6 OCT 84 

PROB <CONTD> 
1217 us 290:CYPRESS BYPASS <NOTE: NO SO IL DISREGARDED FOR STRENGTH ANALYSIS> 

SOIL STRENGTH ANALYSIS RESULTS 
DISREGARD TO ELEVATION IS 142 • 3 FEET 

HOLE NUMBER SK4 ALLOWABLE REDUCED 
STATIC ALLOWABLE 

FRICTIONAL STATIC 
RESIST AN CE FRICT.IONAL POINT 

DE SIGN <OSJ RESISTANCE BEARING 
STRESS TONS PER FT ------------------ BEAR STRENGTH TAT 

STRATA ELEVATION OF SOIL OF PERIMETER FACTOR SNC TO 
NUMBER -FEET- TONS/SQFT PER AC CUM- PER A CC UH- PEN 

FROM TO PER STRAT STRATUM ULATIVE SR STRATUM ULA TI VE NC TONSISQFT RAT 

1 142.3 137.3 o.oo o.oo 0 .o 0 o. 5 o.oo o.oo 4.29 o.oo o.o 
2 137.3 132.3 o.43 2.15 2.15 o.s 1.07 1.01 3.62 o.oo 2.6 
3 132.3 127.3 0.44 2.21 4.36 0.5 1.10 2.18 2.57 o.oo 3.7 
4 127.3 122.3 0.15 o.1s 5.11 o.5 0.37 2.55 , .. 29 o.oo o.o 
5 122.3 117.3 0.18 0 .90 6.01 o. 5 o.45 3.00 4.29 o.oo o.s 
6 117.3 112.3 0.39 1.94 7 .94 o.5 0.97 3.97 4.29 o.o 0 o.o 
7 112.3 101.3 0.93 4.65 12 .59 o.s 2.33 fa30 3e62 o.oo 1.2 
8 107.3 102.3 0 .61 3.0 6 15.65 0.5 1.53 7.83 4.29 o.oo 1.3 
9 102.3 97.3 0.76 3.81 19.47 o.s 1. 91 9.73 4.29 o.oo o.o 

10 97.3 82.3 o.&4 9.62 29.oc; o. 5 4.81 14.55 4.29 o.oo o.o 
11 82.3 77.3 0 .'J5 2.2'+ 31.34 1. 0 2.24 16.79 2.57 o.oo D.5 
12 77.3 70.3 0.90 6.32 37.66 o.s 3.16 19.95 3.62 o.oo t .1 
13 70.3 66.3 0 .47 1.89 39.55 o.s D .95 20.90 4.29 o.oo 0.3 

E123 



COUNTY HARRIS 
HIGHWAY NO US 290 
CONTROL 
lPE 

El.EY 

Ff. 

t4Z.3 0 

137.3 

132.3 10 

127.;s 

122.3 20 

111.J 

112.3 30 

107.3 

102.3 40 

11'.3 

so 

12.3 co 

17.3 

10 

70.3 

OOS0-06-033 

LOC THO f'EN. TEST 
NO. OF BLOWS 

IST 6" <!HD 6" 

is (6.0"l 14 (6. !l"l 

3 (6.0"1 3 (6.!1"1 

16 (6.0"1 6 (6.!1"1 

16 (6.0"1 12 u; .0•1 

12 (6.()"1 19(6.tl"l 

3t (6.()"l !$ (S.fl"l 

16 (6.1'1"1 111(6.0"l 

t!s ts .t1•1 i,6 rs.t1•1 

~,. <6.0"l t:J1 (6.0"1 

21 ULtl•\ 19(8.0"l 

33 (6.Q") 123 (6.!l"l 

so cs.0•1 I.to; 1s.t1•) 

UU6.tl") "'l'H6 .f!"l 

128 (6 .f!") i"tt'I f6 .ti•) 

l..t.t, (6 .fl") 1st (6.n•1 

DRILLING LOG 

STRUCTURE 
HOLE NO 
STATION 
LOCATION 

BRIDGE • SKINNER ROAD 
SK4 

1972+76 
2t.7 FT RT 

DESCft1f'TtOK OF HATEftlAL 

NO RECOVEftT 

VERT STIFF .CMT, JAN. SANDY Cl..AY 

VERT SJIFF.8ROWN.CRAY CLAY W/CALCS. 

CRAY.TAN.SILTY SAND 

Flft~.CRAY,TMf,SlLTY.tLAYEY SAND 

LICHT GRAT SAND 

nMW•GRAY, lM!.SANDY CLAY 

:wtD.LIGHT 1:1nu1n1oHLll'.CLAYEY SAND 

GftAY.SILTT SAND 

HO ~COVEft'f, SAND 

IVEftY STlff',CftA\',1:11tuWN CLA'f 

HAftD,CftAT.TAN,SANDT CLAY 

SllFF.LICHl GftAY,fAN,CLAYEY SANO 

•REMARKS: cwE oaso. • END OF ORLG. 

DRILLER HIKE BAHM LOGGER R. CURSON. JOHN HOES TITLE 

F.1 ?4 

THO DIST 
DATE 
GRD. ELEY· 

12 
OS/01/86 

142-3 
GRO.WATER ELEV. 142.J 

ttETHOD 
OF 

C.OIUNC 

() 

----
---

10-

-------
20-

-------
30-

-------
40-

-------so----------Go-
----
---

70: 
-
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<0-t-~~~--~~~---~----~---'"--~~~---~~~--~~~_,_~~~--~~~----''--~~---' 

·C9 C9 C9 €)(!)ACCUMULATIVE ALLOWABLE STATIC FRICTIONAL RESISTANCE 
:& A A A AACCUMULATIVE REDUCED ALLOWABLE STATIIC FRICTIONAL RESISTANCE 01 · · DESIGN STRESS OR 1 /2 SHEAR STRENGTH OF SOIL 
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COUNTY HARRIS 
HIGHWAY NO US 290 
CONTROL 
IPE 

0050-06-033 

TONS/FT OF PERIMETER 

STRUCTURE BRIDGE 1 SKINNER ROAD 
HOLE NO SK4 
STATION 1972+76 
LOCATION 21.7 FT RT 

THO DIST 
DATE 
BY 

12 
05/01/86 
SJH 



ff AST BRIDGE F~~DATION AND SOIL TEST PROG - 224168 VER 1.6 OCT 84 

PR OB <CONTD> 
1217 us 290:CYPRESS 8 YPA SS <NOTE: NO SOIL DISREGARDED FOR STRENGTH ANALYSIS> 

DRILLING REPORT 

COUNTY- HARRIS STRUCTURE- BRIDGE iil SKINNER ROAD 
HIGHWAY NO.- us 290 HOLE NO.- SK5 
CONTROL- 0 050 -06- 033 STAT ION- 1964+30 
PROJECT NO.- OFFS ET- 16.1 FT RT 
DA.TE- 05/01/86 CODEC BY- SJH 
GRD. ELEV.- 145.1 GRD. WATER ELEV.- 145.1 
DISTRICT- 12 

s 
D A TAT 
E F PEN PEN M N LAT- WET 
p T lST 2ND p 0 ULT DEN MO I LL PI DESCRIPTION OF MATERIAL ANO 
T • 6IN 6IN L • PSI PCF % i % REMARKS 
H E 

0 NO RECOVERY TO 4 FT. 
1 
2 
3 
4 
5 5 3 
6 PEN-CUT,NO COREtHAT 9 L SAHE AS BELOW 
7 
8 1 16 GRAYtTAN CLAY W/SOHE CALCS. 
9 2 o- 17 131 20 56 STIFF 

10 9 5 
11 PEN-CUT,NO COREtHAT 9 L SAHE AS BELOW 
12 3 129 24 GRAY,TAN CLAY W/SH.CALCS.+NOD. 
13 4 o- 27 129 18 . 54 -VERY STIFF 
14 5 o- 31 131 20 -HARO 
15 6 
16 PEN-CUT, NO COREtHAT 9 L SAHE AS BELOW 
17 
18 6 142 l't GRAYtBROWNtCLAYEY SANO WISH .CAL CS• 
19 7 o- 10 137 16 26 -FIRH,W/SO.LAYER 
20 6 7 
21 8 135 16 -LIGHT GRAYtTAN 
22 9 o- 11 139 14 26 -FIRM 
23 10 o- 11 139 14 -FIRM 
24 11 136 14 
25 12 21 
26 PEN-CUTTINGS-NO-COREtSAME AS BELOW 
27 
28 12 133 17 LT. GRAYtSILTYtCLAYEY SAND 
29 13 130 17 27 
30 16 38 
31 ORILLED-OUT,SAND 
32 
33 
34 
~!') 

1 " 
1 h 



37 
38 
3.9 
.q.o 13 13 
41 14 
42 15 
43 16 
44 17 
45 50/5.50 5 0/6. 0 0 
46 
47 
If 8 
49 
50 '+5 32 
51 
52 
53 
54 
55 5013.50 50/3.00 
56 
57 
58 
59 
60 18 l lt 
61 
62 
63 
6 lt 
65 8 12 
66 
67 
68 
69 
70 20 24 
71 
12. 
73 
74 
75 12 10 

DRILLER- MIKE BAHM 

o- 28 
o- 18 
o- 10 

136 18 VERY STIFFtLIGHT GRAY,CLAYEY SAND 
137 16 31 -STIFF 
138 16 -FIRM 

16 27 

DRILLED-OUTtDENSE SAND 

ORILLED-OUT,OENSE SAND 

DRILLED-OUT,SANO 

DRILLED-OUTtSAND 

ORILLED-OUTtSANO 

ORILLEO-OUT,SAND 

LOGGER- R. CURSONtJOHN HOES 
TITLE-
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BF AST BRIDGE FO~OATION ANO S·OIL TEST PROG - 224168 VER 1.6 OCT 8'1 

PROB <CONTD> 
1217 us 290:CYPRESS BYPASS <NOTE: NO SO IL DISREGARDED FOR STRENGTH ANALYSIS> 

SOIL STRENGTH ANALYSIS RESULTS 

HOLE NUMBER SK5 

STRAT CEN- PEN SOIL WET 
ELEVATION THICK TROIO UNIF. TEST CO HES DENS INT. VARIANCE TAT 

ST RAT -FEET- NESS DEPTH SOIL BLOWS/ TEST LBS/ LBS/ FRIC --------------
NUM. FROM TO FEET FEET CLASS FOOT CONST SQFT CUFT ANG. PEAK AVG RATIO 

1 145 140 5.0 2.5 OTHE 
2 14 0 130 10.0 10.0 CH 11.0 50 1802 130 0 .o 3.9 2.6 3.6 
3 130 120 10.0 20.0 SC 11.5 70 754 138 o.o 0.4 0.3 3.2 
4 12 0 115 5.0 27.5 SC 33.0 70 
5 115 105 10.0 35.0 OTHE 41.5 80 
6 105 101 4.0 42.0 SC 26.0 70 1334 137 o.o 4.6 3.1 4.1 
7 101 89 12.0 50.0 OTHE 122 .o 80 
8 89 75 14.0 63.0 OTHE 26.0 80 
9 75 69 6.0 73.0 OTHE 33.0 80 
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EFAST BRIDGE Fo.JJ.NDATION AND SCIL TEST PROG - 224168 VER 1.6 OCT 84 

PROB <CONTD> 
1217 us 290:CYPRESS BYPASS <NOTE: ~O SO IL DISREGARDED FOR STRENGT~ ANALYSIS> 

SOIL STRENGTH ANALYSIS RESULTS 
DISREGARD TO ELEVATION IS 145 .1 FEET 

HOLE NUMBER SK5 ALLOWABLE REDUCED 
ST A TIC ALLOWABLE 

FR IC TI ON AL STATIC 
RESISTANCE FRICTIONAL POINT 

OE SIGN COS> RESISTANCE BEARING 
STRESS TONS PER FT ------------------ BEAR STRENGTH TAT 

STRATA ELEVATION OF SOIL OF PERIMETER FACTOR SNC TO 
NUMB ER -FEET- TONS/SQFT PER AC CUM- PER ACCUM- PEN 

FROM TO PER STRAT STRATUM UL ATIVE SR STRATUM ULATIVE NC TONS/SQFT RAT 

1 145.1 14 0 .1 o.oo 0 .o 0 0 .o 0 o. 5 o.oo o.oo .-..29 o.oo o.o 
2 140.1 130.1 0.45 4 .51 4.51 o.s 2.25 2.25 2.57 0 .o 0 2.0 
3 130.1 120.1 0.19 1.88 6.3 5 0.5 0.94 3.20 4.29 o.oo 1.1 
4 120.1 115.1 0.47 2.36 8.7 5 o.s 1.18 4.:n 4.29 o.oo o.o 
5 115.1 105.1 0.52 5.19 13.9 '* o.5 2.59 6.97 4.29 o.oo o.o 
6 105.1 101.1 0.33 1.33 15.2 7 o.s o.67 7.63 4.29 o.oo 0.9 
7 101.l 89.1 0.85 10.2 0 25 ·'* 1 1. 0 10.20 17.83 4.29 o.oo 0 .o 
8 89.1 75.1 0.32 4.55 30.0 2 o.s 2.21 20.11 4.29 o.oo o.o 
9 75.1 69.1 0.41 2.4 7 32.4 c; 0.5 1.24 21.35 4.29 o.oo o.o 
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COUNTY HARRIS 
HIGHWAY NO US 290 
CONTROL 
IPE 

ELEY 

FT. 

14s.1 

140. i 

130.1 

120.1 

11s.1 

1os.1 

101 •• 

89.t 

1s.1 

0 

10 

20 

30 

40 

so 

60 

70 

•REMARKSs 

OOS0-06-0JJ 

LOG THD f'EN. TEST 
NO. OF BLOWS 

lST 6" 21tD 6" 

s (6.C"I J <6.C"l 

9 (6.0"1 s (6 .0·1 

14 (6.0"l 'i (6.0"I 

16 (6.0"l 17 (6.0•1 

12(6.0"l 'I <6 .c·1 

16(6.0"l l:u1 <6.0"I 

13 (6 .0•1 16<6.0"I 

13 (6.0"l 13 (6.0•1 

'" ... ,,, .. , 
l4S <6.0•1 t1, (6 .()•) 

~nc::s.s•1 ~oc::s.o•, 

18 (6.0"l 14 (6 .()•) 

8 (6.C"l 12 <6·c·1 

'O C6.()"l ,, .. (6 .0•1 

12 <~.c·1 10 (6.(l•) 

CWE OBSO. • 

DRILLER MIKE BAHM 

DRILLING LOG 

STRUCTURE 
HOLE NO 
STATION 
LOCATION 

BRIDGE • SKINNER ROAD 
SKS 

1964+30 
16.1 FT RT 

DESCRIPTION OF tlATERIAL 

NO RECOVERY 

Yi:.nY STIFF.GRAY.TAN CLAY W/S".CALCS 

FIP.".GRAY.BROllll.CLAYEY SANO 

LIGHT CRAY.SILTY.CLAYEY SAND 

DRILLED-OUT.SAND 

STIFF.LIGHT GRAY.CLAYEY SAND 

DRILLED-OUT .DENSE SAND 

DRILLED-OUT.SAND 

DRILLW-OUT.SAllD 

END OF DRLG. 

LOGGER R. CURSON. JOHN HOES TITLE 

THO DIST 12 
DATE OS/01/86 
GRO. ELEV. 145·1 
GRO.WATER ELEV. 145.1 

'£THOD 
OF 

CORING 

0 

----
---

10: 

----
---

20: 
----
---

JO -

--------
40-

---
----so-------
--&o----------10-

------



~ 
w 
-' 

0 
C: TONS/SOFT 
c:0.oo 0.10 0.20 o.Jo 0.40 o.so 0.50 0.70 o.so 0.90 
<D-t-~~~--~~~---~~~---'~~~-,..--~~~~~~~--~~~---~~~--~~~--

· ~(!)(!)(!)(!)ACCUMULATIVE ALLOWABLE STATIC FRICTIONAL RESISTANCE 
:A A A A AACCUMULATIVE REDUCED ALLOWABLE STATIIC FRICTIONAL RESISTANCE 

0 • : DESIGN STRESS OR 1/2 SHEAR STRENGTH OF SOIL 
C: : :x XX X XPOLNT BEARING STRENGTH 
0 : : DISREGARD TO ELEVATION 145.1 FEET 
~ ......................................................... . 

• 
1--0 
LL C: 

0 

:z~ -
z 
00 0 - . 
1--0 
<(o 
>.-
w 
--' 
WO 

0 . 
0 
co 

ta0 . oo 

......... ~~~~~~...-~ ................... ~~~ .............................. ~~..... . . . .. . .. .. . . . . . . . . . . . . . .. . . . . .. .. . . .. . . . . . . .. . . .. . . . 

4.00 s.oo 

COUNTY HARRIS 
HIGHWAY NO US 290 
CONTROL 0050-06-033 
tPE 

12.00 16.00 20.00 . 24.00 
TONS/FT OF PERIMETER 

STRUCTURE ~RIDGE • SKINNER ROAD 
HOLE NO Sl<S 
STATION 1964+30 
LOCATION 16.1 FT RT 

28.00 

THO DIST 
DATE 
BY 

32.00 

12 
05/01/86 

SJH 

. .. . .. . 

, 
36.00 

11 
o. 
G 
z 
0 
1--4 

z 
0 
~ 
)> 
-t 
fTl 
:::::0 

-1--4 

)> 
r 

-0 
:::::0 
0 
-0 

a. 
-t 
1--4 

rn 
(f) 



BRIDGE FQ.1.1.NDATION AND SOIL TEST PROG - 224168 VER 1.6 OCT 84 
-=: 

PROB <CONTD> 
1217 us 2'30:CYPRESS 8 YP ASS <NOTE: 1110 SOIL DISREGARDED FOR STRENGTH ANALYSIS> 

DRILLING REPORT 

COUNTY- HARR IS STRUCTURE- BR IOGE Iii SKINNER ROAD 
HIGHWAY NO.- us 290 HOLE NO.- SK6 
CONTROL- 0050-06-033 STAT ION- 1962+46 
PROJECT NO.- OFFSET- 38.0 FT RT 
DATE- 05/01/86 CODED BY- SJH 
GRO • ELEV.- 144.7 GRO. IJATER ELEV.- 144.7 
DISTRICT- 12 

s 
D A TAT 
E F PEN PEN M N LAT- WET 
p T lST 2ND p 0 ULT DEN HOI LL PI DESCRIPTION OF MATERIAL AND 
T • 6IN 6IN L • PSI PCF % x x REMARKS 
H E 

0 1 20 GRAY.,SILTY CLAY 
1 1 20 
2 1 20 
3 2 o- 5 122 18 
4 2 o- 5 122 18 
5 8 10 
6 PEN-CUT.NO CORE.,MAT•L SAME AS BELOW 
7 3 12 GRAY.,TAN.,SANOY CLAY W/SO.LAYER 
8 4 o- 60 12 40 -HARD 
9 5 o- 61 11 -HARD 

10 8 8 
11 PEN-CUT.,NO CORE,MAT"L SAME AS BELOW 
12 6 o- 17 126 30 STIFF,GRAYtTAN CLAY 
13 7 . o- 21 124 37 70 -VERY STIFF 
l 'J 8 o- 14 135 16 STIFF,GRAY.,BROWN.,SANOY CLAY 
15 7 10 
16 9 21 
17 10 o- 25 132 19 36 -VERY STIFF 
18 11 o- 30 134 19 -HARO 
19 12 o- 26 139 18 32 -VERY STIFF 
20 7 10 
21 13 o- 20 137 18 -STIFF 
22 14 o- 23 138 18 40 -VERY STIFF 
23 15 o- 23 137 18 VERY STIFF.,GRAYtBROWN,CLAYEY SANO 
24 16 o- 23 140 17 22 
25 12 26 
26 NO RECOVERY,SANO 
21 
28 
29 
30 40 27 
31 DRILLED-OUT,SANO 
32 
33 
34 
35 16 18 

E132 



"3 7 
.3'a 
39 
'1-0 15 17 
41 DRILLED-OUT 
42 
43 
44 
45 16 25 
46 17 18 LIGHT GRAYtFINE SAND 
47 18 18 16 
48 19 16 
49 20 18 21 
50 4316.00 5 7 /5. 0 0 
51 DRILLED OUT.DENSE SANO 
52 
53 
54 
55 5014.50 50/3.50 
56 DRILLED OUT.DENSE SAND 
57 DRILLED-OUTtSANO 
58 
59 
60 9 10 
61 DRILLED OUTtSAND 
62 
63 
64 
65 12 12 
66 PEN-CUT.NO CORE.MAT 9 L SAHE AS BELOW 
67 
68 21 o- 31 140 16 HAROtGRAYtTANtSANOY CLAY 
69 22 o- 48 141 lit 34 -HARD 
70 21 21 
71 23 139 17 26 LIGHT GRAY,CLAYEY SANO 
72 24 o- 29 137 18 -HARO 
73 25 o- 20 137 17 29 -STIFF 
74 26 o- 10 139 17 -FIRH 
75 50/4.75 50/6.00 

DRILLER- MIKE BAHM LOGGER- R. CURSON,JOHN HOES 
TIT LE-
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BRIDGE F~OATION ANO SCIL TEST PROG - 224168 VER 1.6 OCT 8'+ 

PROB (CONTD> 
1217 us 290:CYPR£SS BYPASS <NOTE: NO SO IL DISREGARDED FOR STRENGTH ANALYSIS> 

SOIL STRENGTH ANALYSIS RESULTS 

HOLE NUMBER SK6 

STR AT CEN- PEN SOIL WET 
ELEVATION THICK TROIO UNIF. TEST CO HES DENS INT. VARIANCE TAT 

HRAT -FEET- NESS DEPTH SOIL BLOWS/ TEST LBS/ LBS/ FRIC --------------
NUM. FROM TO FEET FEET CLASS FOOT CONST SQFT CLIFT ANG. PEAK AVG RATIO 

1 145 140 5. 0 2.s CL 367 122 o.o 
2 14 0 135 5.0 7.5 CL 18.0 60 4349 0 o.o 
3 135 132 3.0 11.5 CH 16.0 50 1231 126 o.o 
4 132 123 9.0 17.5 CL 11.0 60 1648 133 o.o 4.3 2.2 5.1 
5 123 121 2. 0 23.0 SC 1685 137 o.o 
6 121 110 11.0 29.5 OTHE 52.5 80 163'+ 140 o.o 
7 110 100 10. 0 4 o. 0 OTHE 33.0 80 
8 100 96 4.0 47.0 OTHE 41.0 80 
9 96 89 1.0 52.5 OTHE 129.5 80 

10 89 80 9.0 60.5 OTHE 19.0 80 
11 80 75 5.0 67.5 CL 24.0 60 2858 llfO o.o 
12 75 71 4.0 12.0 SC 42.0 70 1764 137 o.o 
13 71 69 2.0 75.0 OTHE 111.6 80 706 1313 0 .o 
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3FAS.1 BRIDGE F~DATION ANO SOIL TEST PROG - 224168 VER 1.6 OCT 8'+ 

PROB <CONTD> 
1217 us 250:CYPRESS BYPASS <NOTE: f\O SO IL DISREGARDED FOR STRENGTH ANALYSIS> 

SOIL STRENGTH ANALYSIS RESULTS 
DISREGARD TO ELEVATION IS 144.7 FEET 

HOLE NUMBER SK6 ALLOIJABLE REDUCED 
ST A TIC ALLOWABLE 

FRICTIONAL STATIC 
RESISTANCE FRICTIONAL POINT 

OE SIGN <OS> RESISTANCE BEARING 
STRESS TONS PER FT ------------------ BEAR STRENGTH TAT 

ST RAT A ELEVATION OF SOIL OF PERIMETER FACTOR SNC TO 
NUMBER -FEET- TONS/SQFT PER AC CUM- PER A CC UH- PEN 

FROM TO PER STRAT STRATUM ULAT!VE SR STRATUM ULATIVE NC TONS/SQFT RAT 

1 144.7 139.7 0.09 0 .46 0 .lf.6 o. 5 0.23 0.23 3.62 o.oo o.o 
2 139.7 134.7 1.09 5.44 5.90 o.5 2. 72 2.95 3.62 0 .o 0 3.6 
3 134. 7 131.7 0.31 0 .92 6.8 2 o.s 0.46 3.41 2.57 o.oo 1.0 
4 131.7 122. 7 0 .41 3. 71 1o.s3 o.s 1.85 5.26 3.62 o.oo 1.5 
5 122.1 120. 7 0.42 o.84 11.3 7 o. 5 0.42 5.68 4.29 o.oo o.o 
6 120.7 109.7 0.41 4.49 15.86 o.s 2.25 7.93 4.29 o.oo 0.6 
7 109.7 99. 7 0." l 4.12 19.99 0.5 2.06 9.99 4.29 o.oo o.o 
8 99.7 95.7 0.51 2.05 22.0 4 o.s 1.02 11.02 4e29 o.oo o.o 
9 95.7 88.7 o.85 5.95 27.99 i.o 5.95 16.97 4.29 o.oo o.o 

10 88.7 79.7 0.24 2.14 30.13 o.s 1.01 18.0lf 4.29 o.oo o.o 
11 79.7 74. 7 0.11 3.57 33.70 o. 5 1.79 19.82 3.62 o.oo 1.a 
12 74.7 10.1 0.44 1.76 35.46 o.s o.a8 20.11 4.29 o.oo 0.7 
13 70.7 68. 7 0.18 0.35 35.82 1.0 0.35 21.06 4.29 o.oo 0.2 
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COUNTY HARRIS 
HIGHWAY NO US 290 
CONTROL OOSO-OG-OJJ 
tPE 

ELEV LOG nm PEN. TEST 
110. CF BLOWS 

ft. lST 1• .?ND r 

144.7 0 

139.7 • 
8 (~.0·1 !ttl t5.n•1 

134.7 10 a u;.0•1 8 (6 .0·1 

131 .7 
7 (6.0•1 10 (fi.0•1 

20 7 c~ .()"I 10 ft.n•1 

122.1 

120.7 iE'-D<il..I --· 
30 40 {6.f!") 27'6.()") 

109.7 16 <G.O"l uus.a•1 

40 1su1.0•1 '7 (6.0"1 

99.7 16 (fi.(l") '5 (fi.O"l 

95.7 so m.u , ......... 

l!iO (<I. s•1 so r3.s•1 
u.1 

eo 9 (~.0·1 10 (6.0"l 

79.7 ,12 C6.l'l"I 112(6.0"l 

74.7 70 ,I Cfi.()•) 1:>1 t111.n•1 

10.1 1.4;,T • .... u 

•REMARKS• 

DRILLER HIKE BAHM 

DRILLING LOG 

STRUCTURE 
HOLE NO 
STATION 
LOCATION 

BRIDGE • SKINNER ROAD 
SK6 

1962+46 
JS.O FT RT 

DESCftlPTlON OF HATERlAL 

GRAT.SILTY Cl.AT 

HAftD,GRAT.TAfl.SAICDT CLAY 

Stlff,GRAT.TAfl &LAT 

VERT STlff,GRAT,B~OWN.SAICDY CLAY 

n:.nT STlff,GRAY.TAfl,CLAYEY SAKO 
110-ftECOVERT.SMID 

DRILLW-DUl•SMD 

i LICHT CR.A Y • FI llf: SMID VIV • SL • Cl.AT 

DftlLLED-OUT.1.11:.MSE SAICD 

ORILLED-DUT.SAICD 

jttAIUMiMT, TAM.SANDT Cl.AT 

Sllff,LICHT GRAT.c.t.ATU SMu 

DENg <!iAHD 

LOGGER R. CURSON.JOHN HOES TITLE 

THO OIST 12 
DATE OS/01/86 
CRO. ELEV. 144.7 
GRO.WATER ELEV. 144.7 

1£THOO 
OF 

C.ORtMG 

0 

-------
10-

-------
20--------
:TI) ---------40---- --- -

-. ----------
--

60: -------10-

---
--



~ 
w 
.....J 

~ TONS/SOFT 
d).00 0.20 0.40 0.60 0.80 1 .QO 1 .20 1 .40 1 .60 1 .so 
W..,._~~~--~~~--~~~--~~~~--~~~~~~~--~~~--~~------~~~__. 

·C9 e e e ©ACCUMULATIVE ALLOWABLE STATIC FRICTIONAL RESISTANCE 
:~A A A AACCUMULATIVE REDUCED ALLOWABLE STATIIC FRICTIONAL RESISTANCE 

; u ... ; ......... ; x. ~. ~(. ~(. ~(;rm:~~~~r~~ ~f ~~~far~;: .. ;~~~;:::. ~~. ~~: L •.•..•.••.......•• 

"o 
1-o u.. . 

0 
N 

:Z.--
zo 
Oo 
........ . 
1-0 
<(~ 
> w _. 
WO 

0 . 
0 
00 

0 
0 

.................................. 

. . . .. . . . . . ' . 

11 
0 
c 
z 
o· 
I--( 

z 

c 
3: 
> 
-I 
rn 
::::0 
........ 
)::> 
r 

u 
::::0 
o. 
u 

B 
-I 
~ 

rn 
0 . . . . . . f • (f) 
~ o.oo 4.oo a.oo 12.00 1s.oo 20.00 24.00 2s.oo 32.00 3s.oo 

COUNTY HARRIS 
HIGHWAY NO US 290 
CONTROL ooso-06-0JJ 
IPE 

TONS/FT OF PERIMETER 

STRUCTURE BRIDGE I SKINNER ROAD 
HOLE NO St<6 
STATION 1962+46 
LOCATION 38.0 FT RT 

THO DIST 
DATE 
BY 

1 2 
05/01/86 

SJH 



eFAST BRIDGE FO.L!_NOATION AND SOIL TEST PROG - 224168 VER 1.6 OCT 84 

PROB <CONTD> 
1217 US 290:CYPRESS BYPASS <NOTE:NO SOIL DISREGARDED FOR STRENGTH ANALYSIS> 

COUNTY-
HI GHWAY NO.­
CONTROL­
PROJECT NO.­
DATE-
GRO. ELEV.­
DISTRICT- 12 

0 
E F 
p T 
T • 
H 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
3 '+ 
35 

PEN 
lST 
6IN 

6 

3 

5 

12 

17 

25 

17 

DRILLING REPORT 

HARRIS 
us 290 
0050-06-033 

05/01/86 
145 .2 

STRUCTURE­
HOLE NO.­
STAT ION­
OFFS ET­
CODE O BY­
GRO. WATER 

BRIDGE i SKINNER ROAD 
SK7 

1960+55 
31.0 FT RT 

SJH 
ELEV.- 145.2 

s 
A 

PEN M N 
2ND P 0 
6IN L • 

TAT 
LAT­
UL T 
PSI 

IJET 
OEN MOI LL PI 
PCF % X % 

1 

5 

8 

19 

21 

18 

20 

E 

1 
1 
1 
1 
1 

14 
l'f 
14 
14 
14 

2 141 15 
3 o- 40 140 14 34 
4 o- 32 138 17 

5 o- 8 128 24 
6 16 51 

7 o- 10 132 18 
8 o- 31 135 19 45 
9 o- 35 136 18 

10 o- 26 136 18 36 

11 139 13 
12 o- 20•137 16 
u o-· 19 139 11 37 
14 0-'24 139 16 

15 20 
16 18 27 
17 18 

E138 

DESCRIPTION Of MATERIAL AND 
REP1ARKS 

DARK GRAY.SANDY CLAY 

PEN-CUT,NO CORE,MAT 9 l SAHE AS BELOW 
GRAY,TAN,SILTY,SANDY CLAY W/CALCSe 

-HARD 
-HARD 

PEN-CUTTINGS,CLAY 

FIRH,GRAY,TAN CLAY W/SOHE CALCS. 

FIRH,GRAYtBROWNtSANDY CLAY 
-HARD 
-HARO 
-VERY STIFF 

LIGHT GRAYtTANtSANOY CLAY 
-STIFF 
-STIFF 
-VERY STIFF 

PEN-CUTtNO COREtMAT•t SAME AS BELOW 
GRAY,TAN,SILTYtCLAYEY SANO 

LIGHT GRAY,SILTY SANO 

ORILLED-OUTtSAND 



3~ 19 o- 19 138 16 -STIFF 
38 20 oQ6 138 17 42 -HAR~ 
39 21 o- 41 139 16 -HARD 
40 32 If 4 
41 PEN-CUTtNO RECOVERYtSAME AS BELOW 
42 
43 22 19 GRAY SANO W/SOME SILT 
44 23 16 23 
45 32 37 
46 DRILLED-OUT,NO RECOVERY 
47 
48 
49 
50 48/6.00 52/5.75 
51 ORILLEO-OUT,OENSE SAND 
52 
53 
54 
55 43 50 
56. 
57 ORILLEO-OUTtSANO 
58 
59 
60 10 13 
61 PEN-CUT,NO COREtHAT•L SAHE AS BELOW 
62 24 18 BROWN,GRAY,SILTY CLAY IUSH.CALCS. 
63 25 < o- 36 124 18 't3 -HARD 
64 26 14 
65 16 19 
66 27 o- 38 136 H HARO,BROWN,GRAYtSILTY CLAY 
67 28 o- 38 138 14 36 -HARD 
68 29 o- 52 139 14 -HARO 
69 30 o- 43 137 18 44 -HARD 
70 18 20 
71 31 o- 33 136 18 HARD,GRAYtSILTYtCLAYEY SAND 
72 32 o- 26 136 17 29 -VERY STIFF 
73 33 o- 22 137 18 •VERY STIFF 
74 34 132 19 30 
75 34 25 

CRILLER- MIKE BAHM LOGGER- R. CURSON,JOHN HOES 
TITLE-
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EF AST' BRIDGE FOUNDATION ANO SCIL TEST PROG - 224168 VER 1.6 OCT 8'+ 

PROB <CONTD> 
1217 us 290:CYPRESS BYPASS <NOTE: l'\O SO IL DISREGARDED FOR STRENGTH ANALYSIS> 

SOIL STRENGTH ANALYSIS RESULTS 

HOLE NUMBER SK7 

STRAT CEN- PEN SOIL WET 
ELEVATION THICK TROIO UNIF. TEST CO HES DENS INT .. VARIANCE TAT 

ST RAT -FEET- NESS DEPTH SOIL BLO~S/ TEST LBS/ LBS/ FRIC --------------NUH. FROM TO FEET FEET CLASS FOOT CONST SQFT CUFT ANG. PEAK AVG RA.TIO 

1 145 llf.0 5.0 2.5 CL 
2 140 136 it. 0 1.0 CL 13.0 60 2873 l'+ 0 o.o 
3 136 131 s.o 11.5 CH s.o 50 1454 133 o.o 
4 131 125 6.0 17.0 Cl 13.0 60 1838 135 o.o 1.1 3.8 4.6 
5 125 120 5.0 22.5 Cl 31.0 60 1534 138 o.o 1.6 1.1 3.4 
6 120 117 3.0 26.5 SC 38.0 70 
7 117 110 7.0 31.5 OTHE 'l3.0 80 
8 110 105 s.o 37.5 CL 37.0 60 2923 138 0 .o 10.6 5.3 4.8 
9 105 100 5.0 42.5 OTHE 76.0 80 

10 100 89 11. 0 50.5 OTHE 88.0 80 
11 89 85 4.0 58.0 OTHE 
12 85 75 10.0 65.0 CL 29.0 60 2992 135 0 .o 5.4 2.4 4.6 
13 75 69 6.0 73.0 SC 48.5 70 193~ 136 o.o 3.1 2.0 3.9 
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HF A Sf BRIDGE FOUNDATION ANO SOIL TEST PROG - 224168 VER 1.6 OCT BL .. 

PROB <CONTD> 
1217 us 290:CYPRESS BYPASS <NOTE:NO SOIL DISREGARDED FOR STRENGTH ANALYSIS> 

SOIL STRENGTH ANALYSIS RESULTS 
DISREGARD TO ELEVATION IS 145.2 FEET 

HOLE NUMBER SK7 ALLOWABLE REDUCED 
STATIC ALLOWABLE 

FRICTION AL STATIC 
RESISTANCE FRICT!Ot1AL POINT 

DE SIGN <OS> RESISTANCE BEARING 
STRESS TONS PER FT ------------------ BEAR STRENGTH TAT 

STRATA ELEVATION OF SOIL OF PERIMETER FACTOR SNC TO 
NUMBER -FEET- TONS/SQFT PER AC CUM- PER ACCUH- PEN 

FROM TO PER STRAT STRATUM UL AT IVE SR STRATUM ULATIVE NC TONS/SQFT RAT 

1 145.2 140.2 o.oo 0 .o 0 0 .o 0 o. 5 o.oo o.oo 3.62 o.oo o.o 
2 l't0.2 136.2 0.12 2.87 2.81 o. 5 1.44 1.44 3.62 o.oo 3.3 
3 136.2 131.2 0.36 1.82 4 .6 c; o.5 0.91 2.35 2.~1 o.oo 2.3 
4 131.2 125.2 0.46 2.76 7.45 o.5 1.38 3. 72 3.62 o.oo 2.1 
5 125.2 120.2 o.38 1.92 9.3 7 o. 5 o.96 't-.68 3.62 o.oo 0. 7 
6 120.2 111.2 o.54 1.63 10.9c; o. 5 o.a1 5.50 4.29 o.oo 0 .o 
7 111.2 110.2 o.54 3. 76 14.76 o.s 1.sa 7.38 4.29 o.oo o.o 
8 110.2 105.2 0.13 3.65 18.41 0.5 1.83 9.21 3.62 o.oo 1.2 
9 105.2 10 0.2 0.95 4.75 23.16 o.s 2.37 u.58 4.29 o.oo o.o 

10 100.2 89.2 1.10 12.11 35.27 0.5 6.05 17.63 4.29 o.oo o.o 
11 89.2 85.2 o.oo o.o 0 35.2 7 o.5 o.oo 17.63 4.29 o.oo o.o 
12 85.2 75.2 0.75 7.48 42.75 0.5 3.74 21.37 3e62 o.oo 1.5 
13 75.2 69.2 Oa48 2.90 45.65 o. 5 1.45 22.83 4.29 o.oo 0.7 
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DRILLING LOG 

STRUCTURE 
HOLE NO 
STAT JON 
LOCATION 

BRlOCE • SKINNER ROAD 
SK7 

1960+SS 
Jl.O FT RT 

DESC~ll'TtO~ OF "-"'TER1AL 

GRAT.SMIDT Cl.AT 

HAftD,GRAT;tMl.SlLTT.SMIOT CLAY 
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11MD.GftAT.SILTT Cl.AT 

CRAY.DENSE SMID W/5". SlLT 

DRILLEO·OUT,D£M$E SMll> 
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ffAftD, !!tuWN , CRA T , s IL TT Cl.-AT 

¥EltT $TIFF. CRAY. SIL TT, SANDT Cl.AT 

LOGGER R. CURSON. JOHN HOES TITLE 
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COUNTY HARRIS 
HIGHWAY NO US 290 
CONTROL 0050-06-0JJ 
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TONS/FT OF PERIMETER 

STRUCTURE BRIDGE « SKINNER ROAD 
HOLE NO Sl<7 

STATION 1960+55 
LOCATION Jl.O FT RT 
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DATE 
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