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PREFACE 

This report is the result of laboratory and field studies made on 

710 soil series, mapped and classified by the Soil Conservation 

Service, U. S. Department of Agriculture in cooperation with the 

Texas Agricultural Experiment Station. Begun as a survey of load 

zoning requests by the Maintenance Operations Division, File D-18, 

and the Districts during the summer of 1971, it soon became evident 

that much additional information could be obtained from the triaxial 

results contained in the files of the individual Districts. With the 

authority of the Materials and Tests Engineer, the project was pre­

sented at the Laboratory Engineers meeting at Brownwood in February 

1972, together with copies of soil maps and blank forms for use in 

compiling the desired information. Each District was authorized by the 

Finance Division, File D-3, to charge its share of the work to account 

I.P.E. 300. Results from all 25 Districts were tabulated by October 

1972, and result in triaxial classifications for 498, or 70.1%, of the 

710 soil series presented for 253 of the 254 counties of Texas. No map 

has yet been released by the Soil Conservation Service for DeWitt County 

in District 13. 
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I. 	 SUBJECT 

Load zoning of highways in Texas has been conducted on a coopera­

tive basis involving the Maintenance Operations Division, (D-18), 

the Materials and Tests Division, (D-9), and the Districts for 

some twenty years. Estimates of wheel load capac were furnished 

to D-18 by D-9 and District personnel based on information, re­

sults of nearby tests, etc. in the files. Following development 

of the Texas Triaxial Test after World War II, it became possible 

to determine the triaxial classification of base, subbase, and 

subgrade materials. Several refinements of the test were made 

over the years, but are too numerous to go into detail here. All 

25 District Laboratories are now equipped to run the triaxial 

test, and it is the results of these tests for which the original 

study was expanded to include. 

II. 	 PURPOSE 

The purpose of this report is to show the triaxial classification, 

as estimated and determined by personnel of the Texas Highway 

Department, of soils classified and mapped by personnel of the 

Soil Conservation Service, U. S. Department of Agriculture. 

Although prior use of these maps has been conducted on a local 

baSiS, it was felt that a statewide correlation of the data would 

be of great value in load zoning and other areas of highway planning. 

The cessation of triaxial testing of subgrade soils was neither 

implied nor intended, but rather that it would serve as a supple­

ment to work already completed or to that contemplated. 
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III. SUMMARY AND CONCLUSIONS 

1. 	 Laboratory and field studies on 710 soil series have been 

conducted in order to secure triaxial classifications for as 

many as possible. Of these 710 soils, some 46% were classi ­

fied as a result of the survey of estimates and tests con­

tained in the files of the Materials and Tests Division. This 

served as the basis for the appeal to the Districts for addi­

tional information contained in their files. Tabulation of 

that information increased the classifications to over 70%, 

or about 1% additional per District. Acquisition of 16 of the 

17 missing Soil Conservation Service county maps has increased 

the available soil series classifications from 652 to 710 prior 

the appeal for District information. Triaxial classifications 

also increased from 303 to 498 as a result of additional infor­

mation from the Districts. As mentioned previously, no map of 

DeWitt County in District 13 has as yet been released. No 

attempt to classify these soil series by properties other than 

triaxial class was made due to the vast volume of data involved. 

It was intended, however, to use these physical properties to 

identify the materials with the soil series as described on the 

Soil Conservation Service maps. 

2. 	 The results of this study were not surprising in that the heavy 

clay subgrades, with high P.I. and resultant swelling, presen­

ted the most serious problems to highway construction. Houston 
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Black - Houston Clay is a prime example of this type of material. 

Occurring in nine of the 25 Highway Department Districts, this 

material had a triaxial classification of 5.4 based on a total 

of 247 tests. Although some variation in classification 

between contributing laboratories was evident, it was felt that 

the weighted figure obtained for this material was a good one. 

On the other hand, there were several material sources for 

which very few test results were obtained. Triaxial classes 

for these materials are, as a result, to be used with caution. 

Additional testing would be most advantageous in cases where 

existing results are too few in number, or where a cut-and-fill 

type operation is used for construction of highways. Since 

this type of construction usually placed the best class of 

material from the cut portion on the bottom of the fill section, 

an average triaxial class for the soils involved would be of 

lesser value. However, it is felt that proper use of the 

resulting information from this study will be of great help in 

future long-range planning of highways in Texas. 

IV. MATERIALS AND METHODS 

A. Triaxial Classification of Soils. 

Triaxial classifications for subgrade soils are obtained by a 

combination of tests published in the Manual of Testing Procedures 

of the Materials and Tests Division, lOO-E Series. Text of Test 

Method Tex-117-E, parts I and II, "Triaxial Compression Test for 

Disturbed Soils and Base Materials" appears in the Appendix of this 
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report. It is with this and other allied test methods that the 

triaxial classifications were determined for this report. 

B. Location of Soil Sources. 


Location of soil materials are made by station number on large-scale 


maps used by the project engineer during construction of the road­


way. These locations are then transferred to the soil survey maps 


produced by the soil scientists of the Soil Conservation Service, 


U. S. Department of Agriculture. At present, our stock includes 


42 of the detailed soil surveys on aerial photographs and 253 of 


the generalized county soil maps for the State. No attempt to re­


produce these maps for this report was made due to the bulk of 


the information. 


C. How Soils Are Mapped and Classified. 


Soil Conservation Service scientists make these soil surveys to 


learn what kind of soils are in each county, where they are located, 


and how they can be used. They dug many holes to expose soil pro­


files which are the sequence of natural layers, or horizons, extend­


ing from the surface down into the parent material from which the 


soil was formed. Comparison of soils having similar profiles go 


into making up a soil series, or mapping units, as used in drawing 


of a generalized soil map. Each soil series is named for a town or 


other geographic feature near the place where a soil of that series 


was first observed and mapped. Although some soils of a soil series 


may differ in surface texture, their major horizons are similar 
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---- throughout the United States. Samples of these soils of Texas-
are submitted to the Soil Section of the Materials and Tests-- Division for determination of Atterberg limits, sieve analysis, .. 

--
and other tests to further study the engineering properties. De­

tailed information such as steepness of slopes, susceptibility to 

erosion, and land types can only be shown on the detailed soil -
-

surveys on aerial photographs. For this report, the generalized 

soil maps were found to be more suitable in locating soil series 

.. or associations. These soil associations may consist of two or 

three soil series in varying amounts, and are usually named for .. 
the predominant soil series . 

.. 
D. How Information is Used in Load Zoning. 

Requests for load zoning of highways in Texas are submitted by the 

Districts to File D-18 on Form 1084. This information is checked 

by D-18 and forwarded on to D-9 for our recommendations as to the-
depth for estimate, triaxial class of subgrade soil, and pavement 

wheel load estimate. The depth for estimate is considered as the 

thickness of surfacing and base material, plus an allowance of 1~".. 

-

for future maintenance. Triaxial classification of the subgrade 

soils has been substantially simplified by the results of this re­

port in that, once located on the Soil Conservation Service map, .. the soil class may be determined from the tables in the Appendix. 

This value may then be compared with the description and data sub­... 
mitted by the District on Form 1084. Knowing the estimated depth 

of cover and the triaxial class of the soil beneath, one can easily-
... 
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determine the maximum wheel load from the Flexible Pavement Chart. 

A sample Form 1084 is shown as Appendix II. 

Table 2 gives the District, County and publication date of the U. S. 

Soil Conservation Service Generalized Soil Maps which have been 

used in compiling the data for this report. 

V. RESULTS 

The results of this study appear as Table I of this report. It may 

be seen that many of the soil series are classified triaxially by 

very few tests. However, it is hoped that additional tests will be 

made on such soils, and will appear in the future as a supplement 

to this report. 

VI. DISCUSSION 

As stated previously under the items of summary and conclusions, 

there were no surprising results obtained in this study. High 

P.I. clays, with resultant swelling tendencies, appear to present 

the highway engineer with the most serious problems in the design, 

construction and maintenance of our highway system. The simplest 

solution to the problem is to avoid such materials during the con-

struction of highways and structures. Such a practice, however, 

is impractical from the standpoint of economics and other aspects 

of engineering. Proper control of moisture content both before and 

after compaction of the subgrade soils, together with proper com-

paction and density control, is perhaps the most economical method 

of stabilization. The second most feasible solution is to stabilize 

these materials with lime, cement or asphalt. Numerous research 

n 
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studies of these and other problems are presently underway. 

Historically, the Materials and Tests Division has reported 

triaxial classifications that are Class 2.0, and where the 

rupture line on the classification chart touches the class line 

but nowhere goes below it, as Class 1. This is done because from 

the Flexible Base Design Chart the depth of better materials re­

quired is a good surface of about one inch, exclusive of other 

traffic data. Also, Class 1 material is Class 1 without regard 

to divisions of tenths as in Classes 2 through 6.5. Therefore, 

when any subgrade soil was reported by the Districts as Class 1 

subgrade, they have been averaged as Class 2.0 rather than Class 

1. It was felt that this would not adversely affect the averages 

since all classes would be on a decimal system. In addition, 

the making of specimens in the laboratory is far more controlled 

than in cut and fill type operations where all the variables can 

enter in. Few subgrade soils are that uniform unless it is in 

rock cuts handled as flexible base material. 

In order to arrive at the "average" classification for each District's 

data, the sum of the classifications for any particular series was 

divided by the number of tests. Then to arrive at the triaxial 

class average in the right hand columns of Table I, the same method 

was used using both D-9's and the District's averages. 
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VII. 	 SUGGESTED USAGE 

It is probably justifiable to use the data from Table I in 

preparing preliminary data where little is known on the triaxial 

classifications of foundation soils. This is especially true 

where several tests from the Districts and the Materials and 

Tests Division have made up the final average found in the last 

or right hand column. 

In addition, many soil series show a remarkable tendency to give 

very consistent test values. Others show considerable spread of 

triaxial values from maximum to minimum values but have quite a 

preponderance of values reasonably close to the final average. 

This is probably caused in great measure by the depth at which 

the sample was taken since in many cases the first few inches near 

the surface has been leached out and is often-times more "granular" 

than the second or third described horizon. In other cases, the 

presence of a layer of rocky or ledge material will give better 

results if taken and tested separately. To use the best results 

is questionable in cut and fill or embankment work since it is 

far easier to control its uniformity in laboratory speGimens than 

in construction where a great volume of earth is moved rapidly. 

Where this type of soil is encountered, it is highly recommended 

that the use of soil constants, gradation and the like be compared 

before using figures on classifications less than the average. In 

any case, the use of soil constants and gradations can be helpful 

and should be used where possible. 
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When it is found that past soil constants tests and gradations are 

similar to those obtained from new locations, all within the same 

Soil Conservation Service soil series, then it is suggested that 

the number of tests could be reduced and triaxial values from 

Table I used with confidence. It is felt that this usage should 

be within the recommendations of Item 4-402.3, Materials Evaluation, 

Highway Design Division Operations and Procedures Manual. 
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Bonham-Crockett 2 4.8 '1_5.1 I i , I ! t I 

Bonham-Wilson I 145 2; 4.5 I 
, 

Bonti-~lton-Owens 1 5.~ , 1 I 
Boswell-Kirvin 1 4.5 I 

I 

Boswell-Sawver 6 4.1 1 I ~ 

BQs~gll-Sa~~r-BQwie lL4.J: I i , j 

Boswell-Susauehanna I 614'1 i ! 1 

Bowie 114.C I I 1 

Bowie-Axtell-Wri~htsville I I 

Bowie-BQswell-Lakeland I 1 I 
Bowie-~addo 2: 5.1 
Bowie-Caddo-Rains 6 4.'1 
Bowie -Cukh bert I 

Bowie-Ki.rvin 8 4.2 
. Bowie-Kirvin-Boswel1 1 4.2 
Bowie-Kirvin-Sawver 
Bowie-Lakeland S 4.3 
Bowie-Lakel~nd-Sawver 

Bowie-Ruston 8 4.9. 
.~ 

Bowie-Ruston-Lakeland 
Bowie-Sawyer 16 41 18 4.9 
Brackett 1 

Brackett-Denton ? 4 'i S 4 . 

P...",...lr.,t-t-_n.,nt-n" {.,hAll"..,' 

Brackett-Hext-Pedernales 
Brackett-Tarrant E 4.E: 

TABLE I District 
~i1 S§ri~~s !0-9 L~ I , 2 ! 3 I 4 I 5 I 6 I 7 J 8 I 9 
Abilene 4 5.1 2314.li -
Abilene-Hollister 7 14c) I 

rAbi~ene-Mansker 1 ?ol c; r 
n 16.4 -

t-APj,le~-'Mereta lq 4 ') I 
_AQile~~-MJ.le~ 214.3 1 
..Abi lene:1:n_le~:-W ic!:lita 414.4 

'--'-' 
I 

, .A~bil~n~R.£.~c_Q..E' 1314.9 I I .15l5.( , 
! Abilene-Hichita 

--'~'--I 1014.5 
~-~ r- - .-

30i 5. I , 

i--A~_~dj~-~yars 
.. 
I +--215.3 i 

, , 
~ 

Acadia~Byars-Caddo 3 '4.3 1 
Acuff-Portales , , 19 '3.0 I I I 

~luvial 1L3_& I 
Al to-Nacogdoches 115 5 i 
Amarillo I 25'3 8 85 13.7 333.0 
Amarillo-Arvana . I I 113.5 I 
Amarillo-Arvana-Midessa 216.0 32 3.2 
Amarillo-Brownfield I 7 13,7 2613.7 3113.6 1 

-
Amarillo loamy j 5 1 37. 273 6 , --
Amarillo-Olton I 1 [3,8 413.6 I 
Amarillo-Olton-Portales llA. 0 ! I 391 4. 
Amarillo-Portales 314.4 8 i4. 0 I 191 3( 
Amarillo-Springer 1 

, 51 3. ! 

~~illo-Ulysses 1 
I I I 

~h-Drake , I I I 

Arvana-Amarillo 
Arvana-Kimbrough-Amarillo ·14 cO. I I 

Asa-BastroE-Lewisville L 
, ! 

Austin '- ---2' 6.0 
Austin-Eddy 1.0 15.2 415.0 I I 3 5.2: 
Austin-Houston 115 0 I 
Austin-Houston Black , 

1 

Axtell-Bas troE 10'4,8 I I 1 i5.3 
Axtell-Irving . 1'5,2 8 '5.0 
Axte ll-Sa:5'er I 1'5.0 I ! I ! I I 

Axtell-Tabor 

~-=--±±= 
! , 

Axtell-Travis i I , 

Ax te ll-W i ],s_Q~ __ -1-..- , , ! -' . 
Axtell-Wrightsville : , I I : ! 

I 1 I I I I 

Balmorhea-Toyah ,'6. 2 
, , , , 15'3,9 i , , 

Bg:> trQ~-I;[gYi.s ? 6..4 
, 

i : , t 
I I 3 3 ,5 , 

Beaumont-Edna I " 'i.4 I I I I I i i .. 
~ont-Midland I 3 15.5 I , I i I I 

Bell-Axtell ! i ! i I I 

Be11-Axtell-Bastroo 1 i ! 
Bdl-BJ.!rleSQD 2:5 . .1 , t- I 

_~ll-Burl~~n~ 3'5.2 
, 

I I 75.2 
Bell-Lewisville I 85.3 I , I I I 95.0 
Bergstrom-Norwood . i 

---~.~.--. 

3 5.2 ! i ! I 
Bernard-'Clodine i I ! I 
Berthoud-Likes I : 313.4 ! I 

, 
I 1 

Betthoud-Manskgr I 2,4.0 I I 3 4.3 l' 4.1 .+-Berthoud-Mansker-Potter 1 j Ii 3.3 , I _. 
Berthoud-Olton , i I L 
Berthoud-Potter &1.1...8 I 1 . 

, 
-;--

Berthoud-Potter-Bippus 145 I 

Berthoud-Potter-Mansker I ! ! I , i i 
Berthoud-Potter rough I 

I I : , 
-

Berthoud-Potter-Spur I ! I I I ! I 

Bibb-Alluvial land I , I : I 

Bibb-Iuka 'II 4 7 ~ I i I 

Bibb-Navasota l' 4.5 ! j , I ! ; , 

Bibb-Swampland ! I I I ! I , ! , 
Bi ppus -Abilene I i ! 1 15.3 I I 

Bippus-Spur 11 4 2 ! , I 

Bolar-Tarrant t4c.2 I , ! 

Bonham-Crockett 24.H 'i 'i .1 I i , I ! t I 

Bonham-Wilson I 145 2, 4.5 I 
I 

Bonti-~lton-Owens 1 5.C , I 1 I 
I 

Boswell-Kirvin 1 4.5 ! 
I 

Boswell-Sawver 6 4.'1 I I ~ 

BQs~gll-Sa~~r-BQwie Ii 4.0 I , I 

Boswell-Susquehanna I 614'i i ! I 

Bowie JL4_C I I I 

Bowie-Axtell-Wri~htsville I I 

Bowie-Boswell-Lakeland I I 
Bowie-~addo 2' 5.1 
Bowie-Caddo-Rains 6 4. 
Bowie -Cut.h bert I 

Bowie-Kirvin 814.2 
Bowie-Kirvin-Boswell 1 4.2 
Bowie-Kirvin-Sawver 
Bowie-Lakeland c; 4.3 
Bowie-Lakel~nd-Sawver 

Bowie-Ruston 8 4.4 
.~ 

Bowie-Ruston-Lakeland 
Bowie-Sawyer .16 41 18 4.9 
Brackett I 

Brackett-Denton 2 4 'i 5 14 . 

R,..",...lr"t-t-_n ...... rnn (.,h",llntd'-

Brackett-Hext-Pedernales 
Brackett-Tarrant E 4.6 





I 

TABLE I District 
'Soil 
, 
--. 

IBrpw~tpr 

Bxok~__tan-.d~l.ti]1J'-an-We~th 1 4.0 
IIt:t;:Q\:LDiie ld 1 3.8 t-­ : 

!~~~~~~i!±~:~!I:~clLo-------- ---i--i~:2- I 1 8 .3 .51 i I-,--­ - I u--i--' --I ':1 --;---j--I~ 

tBr~.IltJ.E0.Q-=Himrod ~ I 
: . I 

I
-'--­ +-­ --I-­

IBrownU~ld-N~~~cot _______ 1 4.2 I I 

Brownfield-Nobscot-Miles 
Brownfield-Springer ! 

Brownfield-Tivoli i ! " IlL ? 

Burleson-Carner 
Burleson-Carner-Houston 1 5.5 I 

Burleson-Irving I 
Burleson-Wilson 1 5.0 8 :6.1 I 

Byars-Leaf , 

BYars-Susauehanna I I 
Byrds -Tarrant i , 
Byrds-Valera ! I 

I 

Caddo 
f:-'lilil,,-AI"-'lili-'l T 
Caddo-Acadia-Rains I I 
Caddo-Bibb ! 

Caddo-Bowie-Rains 1 " () 
I -­

Caddo-Byars-Plummer 1014.5 
Caddo-Rains 
~addQ-Rains-B)lars 5 4.6 
Caddo-RajDs-LllfkjD 10'4.6 , 

~do-SaW)'er 3 4.2 : ! 
I 

Cahaba-Kalmia : 

Cahaba-Klei I 
I, 

Canutio-Nickel-~ieja i 

Care~-HQQdNard 3 1 4.3 I 2413.9 
..c.a.re~-HQod~Ollinlan I 

, 
I 

, 

Catalpa 1," " I ! 14.; 
Catalpa-Krum 1 ~ I i 
Catalpa-Lewisville 7 4.6 I I I 5,4.i 
Catarina I i 

, 
I 

Catarina-Monteola-M~ '=~i('k I I I I I 

Cavot ! : 

Cavot-Badlands 1 I 
Chanev-Demona 

I 
I 1I , 

Chickasha il 4.1 I 

Clairemont-Yahola I : 1 i 

Clareville-Ravrnondville q~~- t I i 
~-

Coastal Sands I I i iI 

Cobb-Latom I ! 

Cobb-Miles : i ! i 30 1 4.0 
Conroe gravelly , I I i 

L 1 i 
--f---

Cooita : 1 
Copita-Zapata I 

, : I I i 
CraNford R! lL R I I 

, t-­
-

, , 
I 

Crawford-Bexar 1· lL 7 I I : : I 
-r- I -

Crawford-San Saba I I I i, I , 
Crawford-Tarrant R: 4 i I I 

, , ,, 
Crockett-Bonham 4:S.2 ! i I ! 

-
Crockett-Edge-Lufkin I 2' 6 0 l I I i 

Crockett-Lufkin I 3S 2 ~ I ! 
, 

! 

_Crockett-Wilson lLl lLq lOs~ fii ') 1 1 ; ! 30· 4.~ 
Crockett-Wilson gravelly , , i 

I 
,, 

I 

Crowlev-Susauehanna I i I 

CrYstal-Zapata I I 
, 

j : 
, 
, 

CuerQ-HQustQn ?i 'i 'i I i ! , 

Cuevitas-Delmita 146 I 1 I I ! I 

Cuthbert I I , i : ! 

Cuthbert-Boswp11 I I i 
, , , 

I 
, 

f:,thhprr-Kirvin , , I 
I 

Cuthbert-Tabor-Edl!:e I i I I 

I 
I 

Dalhart 43.9 i I 

D-'llharr-M-'ln!l:kpr .25~ I 

n-'llhA.rt-Vona Ii 4.0 3 3.6 
Darnell-Owens 25: 4.6 3 4.3 1 §.. 7 I 
Darnell-Owens-Rvrd!l: I I 
Darne ll-PontorOl" 
Dame ll-Renfrow 2f4~ 6 5.0 
Darne ll-Wichi ta-Ti lIman 24--; 
Del fina-Wi llaev 1r 6­

Delmita 
Delmita-Delfina lL ( 
Delmita-Nueees 
De lmi ta -Zapa ta 4 3.8 
Denton-San Saba 21 4.6 1 5.3 715.C 

Denton-San Saba-Crawford 6 4.7 12 5.C 
Denton-{shallow)-Denton-San Saba q14.R 7 5.C 
Denton-{shallow)-Tarrant '8 46 7 i_Q 

Den!"nn -'T'tlrrtln!" 1? I.Q IJ, 4.f 
Duffau-Bunvan -
Duval-Debita I 

IDo9 L~ I 1_2 I :3 J 4~~ries 7 8 95 6..........."''''_..'''...... ..~ - - I I j . ! ,.­ -. .. ------< , --., 

Brackett-Hin~orst-Stephen~ille I 114.1 -~---L 
I ! 

~e~LLIktl.!gh) i 1 

i-Bre.w.s ter s ton)l i 

L-----_________ ! 

- 1 w 

TABLE I 

,~ 'I C" ' 5 I 6 I 7 8 9 I'-'O! "~r1es 

District 

!P'9-=.z! I L2 
114.1 

1 -~ ---L +--+----I---ti-----+-------+---If----+---+----t__ 

I 

1 4.0 ---+--l-----l-I-4--f---+-+--+-_+_­: 

Brownfield-Sprineer 
Brownfield-Tivoli ') IlL.? 

Burleson-Carner 
Burleson-Carner-Houston 1 5.5 
Burleson-Irvine 
Burleson-Wilson 1 5.0 8 :6.1 
Bvars-Leaf 
Byars-Susquehanna I 
Byrds -Tarrant 
Bvrds-Valera ! I 

Caddo 
Caddo-At""rl;" ! 

Caddo-Acadia-Rains 
Caddo-Bibb 

rC~a~d~d~o~-~B~o~w~i~e_-~Ra~~~·nwls~ _______________ ~~l~,)~O~ __ +---~--~~---+---+--~--~--4---+---+I--~--4---+---+---~-,~-
Caddo-Byars-Plummer 1014.5 
Caddo-Rains 
Caddo-Rains-Byars 
Caddo-Rajns-Lufkjn 
~do-SawYer 
Cahaba-Kalmia 
Cahaba-Klei 
Canutio-Nickel-Vieja 

5 4.6 
10'4.6 

3 4.2 

Catalpa-Krum I ~ I i 
Cata lpa-Lewisvi lle 7 4.6 I I I 5,4. i 
Catarina Ii' I 

Catarina-Montenla-M • ,~1t"k 

Cavot 
Cavot-Badlands 
Chanev-Demona 
Chickasha ,I lL 1 
Clairemont-Yahnl" I 

I~C~la~r~e~v~i"~l~lue~-~Ra~i~vm~,on~d-v-~-'l-l-e----------+--q~~- i 1 --r--~,---r--~--~~---+---~i---r--+---~--t---+·---t--

Coastal Sands ! i 
Cobb-Latom I ! 

Cobb-Miles i 30 1 4.0 
t~Co~n~r~o~e~£~r~auvr~,el~l~v ________________ +-__ ~' __ ~ __ ~ __ +-__ +-__ ~~I __ -+---+I--~--~--4---~i---+--~--4---4---+---f---

Copi ta I ~ I I i 
I~~~------------------~~~-·~r-~-,r--r--~----~-r--~-r--~-;--r--+--r--+--+--+--
Copita-Zaoata , ': Iii ~~~~~~~------------------+---r--.~_------+---+---~~---+---+--~--~--4---~--+---~~---+---+--t--
Crawford gi lJ. x I, ,I , 
1~~~~--------------------+-~~~----~--~--+-----~--+--1--~--+-~---+---+--+----+--+-~--
LC~r~a~w~f~o~r~d~-~B~e~x~a~r __________________ ~_~l.~ h~7 __ ~ __ +-__ +I __ ~_1 I : I , ~, -4---+---+--~--~--~--+---+-~~~---+---+,---

Crawford-San Saba ": i' 
Crawford-Tarrant R:4-;;;; I I : 
Crockett-Bonham ~5.2 ! i I ! ~~~~~~~~----------------~~~~~-,---+---+---+--~--4---4---+---~~~-----+---+---+---4---+---+--
Crockett-Ed£e-Lufkin i 2' 6 0 I I I I 
Crockett-Lufkin I 3 ') 2 

_Crockett-Wilson LLl LL q 10 <;fl 30, 4.~ 
Crockett-Wilson £ravellv 
Crowlev-Susauehanna 
Crvstal-Zaoata i 
Cuero-Houston 1 i I 
Cuevitas-Delmita 146 I 
Cuthbert I 
Cuthbert-Boswell I 1 i 
Cuthbert-Kirvin 1 
Cuthbert-Tabor-Edl!Ce 

I 
439 
2 5 .1 

Dalhart-Vona Ii 4.0 j j.b 

25: 4.E 3 4.3 1 §.. 7 

Darne ll-Pontotoc 
Dame ll-Renfrow 6 5.0 
Darne II-Wi ch i tl'l -1'; Ilml'ln ']' LL 

lrt.. 
Delmita 

...De lmi ta-Delfina 6. _ ( 

Delmita-Nueces 
De lmi ta -Za pa ta 4 3.8 
Denton-San Saba 21 4.1) 1 5.3 715.C 
Denton-San Saba-Crawford 6 4.7 12 5.C 
Denton-(shallow)-Dentnn-Sl'In Sah" 7 5.C 
Denton-(shallow)-Tarrant R 4 6 7 , Q 

Dent-I"I" _'T'".,..,.,," t­ 1? /, Q IJ, 4.f 
Duffau-Bunvan 1~~~~~~~----------------~-+--~--+---~~-+--~---+-~~-+--4---+--~---+--~--+--1---r--4---~ 

~~Dtu.v,a~l-~D~e~~~m~i~t,a __________________ ~~ __ -L __ ~ __ ~ ______ ~ ____ -L __ ~ __ ~ __ ~~ __ ~ __ ~ __ ~ __ ~~ __ -L __ ~ __ I 
L..-_______________________________________________ . _________________________________________ 1 

1 



--

114.0 

TriaxigJ . ill: 
1,7 _j~_~9 f-~O i ~1_~+~3 ,.?,4.1 2~:..~I I~ ! 1,1 

t=1-j-j-t i I 
; 

n 

I 1I I 
+----l r, 

j;4.l 

1 1 1 I I ; I 
j 13.6 

1 I I 5: 3.3 j : I 

c-

I I I:' I 

~- 1 I I 

~I 

I 

I i I-t-J= Ii 

I 1I I I I · I 
1

I I 1 14.31 ' I1 
1 

I I I 


3. 13.8 

I I I I ! 
I I I I 

I 

I I I I 

L 

l 12 13 ~_14 ! 15_' 16 

ill 	 1 1 3.8 

~¥Z 
I
J f-

Iu__ I 

1 4.2
I ' 214.4 2~ 

f----I 
514.2 

314.I 414.9 

714.7 
2! 4.8 

114.2 

1615.4 
2L4.8 
114.2 

514.0 514.0 

l 81 5. ~ I I I I I I I 
1 314.2 

I I I 915.0 
I l314.3 

~~+j--~~-1---e- : --1
T-u ,iJt- l- I I--T --I --r ­

t---t--+-r---t----r-----t--+---+--+-I--+---+---+-+---+--+-+--+--+--f-­

I I I I I 

I 

I 
I 

i I I I I I ! I I I I ~-+-* 	I I I I I, I I I I I I 11il ~ JI 
1! 4.5 114.5 

241 3.81 511 3.9I 
51 3 .51_51)~!-- I _ J i- i-- t=l---t-r--t--+--t---+- - I,1-	 +--+­

I 2: 5.1 

I 1 13.1 l314.5 
I 

I I I 	 •I -i 'I 1 I --+-1-t--+--+--+----I--~Ii 1 

i I I I' I 
 I I I 
 I 1 I 314. J 
-t-t--'r-H-t I L2'4::ill 

I 

t-I I +- I Ii 1 
 1 I 
 1 I I I 18'14.j 
II l 215.41 1 215.4 

3014.0 

I, 
! 

~t I !21~.91--r-1 I I JJ Itt 1=4 I I I I I I I I 12~IU
121
.l iii I • I 7[ ~ ~ I I I I i I' I I i 1
4 51 I I I I i!1U. 

117 5
25.J ! 11~~:~1 
 • : .

71 I I i I I I 1---1 I I-II 	I I I luiltll 

I 	 I --t- f lOis'~ ~=i 
 i 814. J I I I I I I I I 1;I~:~ 

, 

11 3.6 613.8 

I 1 1 1 1 1I 
 I 
 I 
 1 I 
 1 1I 
 I I I I I 413.91 

I I I I I I , I I I I I I II I I I I I I I I,. ~I ;j 
I 1014...81 13914.

III _ I -+-+----+-1­ I I I 1 I ' I I I I 1 I 41 5. ~ 1 I 1 I 41 5 . q 
4515.41 53:5.3 

I I I I 1 I I ! I i I I I 9\3 .41 I I I 1- I I I I sI. .41 I Ir51 I I I Il:I::'~ 
1013.7 
2914.7 
1814.9 
1614.9 
1514.3 
1614.8 

j 613.7 

414.5414.5 

12 



I 

TABLE I District 
'Soil 
, 
--. 

IBrpw~tpr 

Bxok~__tan-.d~l.ti]1J'-an-We~th 1 4.0 
IIt:t;:Q\:LDiie ld 1 3.8 t-­ : 

!~~~~~~i!±~:~!I:~clLo-------- ---i--i~:2- I 1 8 .3 .51 i I-,--­ - I u--i--' --I ':1 --;---j--I~ 

tBr~.IltJ.E0.Q-=Himrod ~ I 
: . I 

I
-'--­ +-­ --I-­

IBrownU~ld-N~~~cot _______ 1 4.2 I I 

Brownfield-Nobscot-Miles 
Brownfield-Springer ! 

Brownfield-Tivoli i ! " IlL ? 

Burleson-Carner 
Burleson-Carner-Houston 1 5.5 I 

Burleson-Irving I 
Burleson-Wilson 1 5.0 8 :6.1 I 

Byars-Leaf , 

BYars-Susauehanna I I 
Byrds -Tarrant i , 
Byrds-Valera ! I 

I 

Caddo 
f:-'lilil,,-AI"-'lili-'l T 
Caddo-Acadia-Rains I I 
Caddo-Bibb ! 

Caddo-Bowie-Rains 1 " () 
I -­

Caddo-Byars-Plummer 1014.5 
Caddo-Rains 
~addQ-Rains-B)lars 5 4.6 
Caddo-RajDs-LllfkjD 10'4.6 , 

~do-SaW)'er 3 4.2 : ! 
I 

Cahaba-Kalmia : 

Cahaba-Klei I 
I, 

Canutio-Nickel-~ieja i 

Care~-HQQdNard 3 1 4.3 I 2413.9 
..c.a.re~-HQod~Ollinlan I 

, 
I 

, 

Catalpa 1," " I ! 14.; 
Catalpa-Krum 1 ~ I i 
Catalpa-Lewisville 7 4.6 I I I 5,4.i 
Catarina I i 

, 
I 

Catarina-Monteola-M~ '=~i('k I I I I I 

Cavot ! : 

Cavot-Badlands 1 I 
Chanev-Demona 

I 
I 1I , 

Chickasha il 4.1 I 

Clairemont-Yahola I : 1 i 

Clareville-Ravrnondville q~~- t I i 
~-

Coastal Sands I I i iI 

Cobb-Latom I ! 

Cobb-Miles : i ! i 30 1 4.0 
Conroe gravelly , I I i 

L 1 i 
--f---

Cooita : 1 
Copita-Zapata I 

, : I I i 
CraNford R! lL R I I 

, t-­
-

, , 
I 

Crawford-Bexar 1· lL 7 I I : : I 
-r- I -

Crawford-San Saba I I I i, I , 
Crawford-Tarrant R: 4 i I I 

, , ,, 
Crockett-Bonham 4:S.2 ! i I ! 

-
Crockett-Edge-Lufkin I 2' 6 0 l I I i 

Crockett-Lufkin I 3S 2 ~ I ! 
, 

! 

_Crockett-Wilson lLl lLq lOs~ fii ') 1 1 ; ! 30· 4.~ 
Crockett-Wilson gravelly , , i 

I 
,, 

I 

Crowlev-Susauehanna I i I 

CrYstal-Zapata I I 
, 

j : 
, 
, 

CuerQ-HQustQn ?i 'i 'i I i ! , 

Cuevitas-Delmita 146 I 1 I I ! I 

Cuthbert I I , i : ! 

Cuthbert-Boswp11 I I i 
, , , 

I 
, 

f:,thhprr-Kirvin , , I 
I 

Cuthbert-Tabor-Edl!:e I i I I 

I 
I 

Dalhart 43.9 i I 

D-'llharr-M-'ln!l:kpr .25~ I 

n-'llhA.rt-Vona Ii 4.0 3 3.6 
Darnell-Owens 25: 4.6 3 4.3 1 §.. 7 I 
Darnell-Owens-Rvrd!l: I I 
Darne ll-PontorOl" 
Dame ll-Renfrow 2f4~ 6 5.0 
Darne ll-Wichi ta-Ti lIman 24--; 
Del fina-Wi llaev 1r 6­

Delmita 
Delmita-Delfina lL ( 
Delmita-Nueees 
De lmi ta -Zapa ta 4 3.8 
Denton-San Saba 21 4.6 1 5.3 715.C 

Denton-San Saba-Crawford 6 4.7 12 5.C 
Denton-{shallow)-Denton-San Saba q14.R 7 5.C 
Denton-{shallow)-Tarrant '8 46 7 i_Q 

Den!"nn -'T'tlrrtln!" 1? I.Q IJ, 4.f 
Duffau-Bunvan -
Duval-Debita I 

IDo9 L~ I 1_2 I :3 J 4~~ries 7 8 95 6..........."''''_..'''...... ..~ - - I I j . ! ,.­ -. .. ------< , --., 

Brackett-Hin~orst-Stephen~ille I 114.1 -~---L 
I ! 

~e~LLIktl.!gh) i 1 

i-Bre.w.s ter s ton)l i 

L-----_________ ! 

- 1 

TABLE I 

2 ISOil S~ries 
~~~~~i~~~~-StePhen~ille 

1'- - --
District 

10 '9 L~ I I 
114.1 

IBrewster I ! 
~eliS...t.e..LL.IklJ.!gh ) i 

~w.s ter s ton)l i 

Jir.oklill..J_an..d~lJ.i]1J __ an -We---YI!l-Q1tth 
I It:t;:Q\:LDiie ld 1 3.8 t-!~~~~~~i!±~:~!I:~clLo------- --T-i~:2- I -,--- I 

t B r~.IltJ.E0-.Q-=Himrod ~ I 

IBrownfJ-.~ld-N~~~cot _______ 1 4.2 
Brownfield-Nobscot-Miles 
Brownfield-Springer ! 

Brownfield-Tivoli i 
Burleson-Carner 
Burleson-Carner-Houston 1 5.5 
Burleson-Irving I 
Burleson-Wilson 1 5.0 8 :6.1 
Byars-Leaf , 

Byars-Susquehanna I 
Byrds -Tarrant i 
Bvrds-Valera , 

Caddo 
Caddo-Acadia ! 

Caddo-Acadia-Rains I 
Caddo-Bibb 
Caddo-Bowie-Rains 1 " () 
~addo-Byars-Plummer 1014.5 
Caddo-Rains 
~addQ-Rains-B)lars 5 4.6 
Caddo-RajDs-LllfkjD 10'4.6 
~do-SawYer 3 4.2 : 
Cahaba-Kalmia 
Cahaba-Klei I 

Canutio-Nickel-~ieja 
Care~-HoodNard 3 1 4.3 
..c.a..re~-HQod~Ouinl::1n 1 , 

Catalpa 1·" "I 
Catalpa-Krum 1 
Catalpa-Lewisville 7 4.6 I 

I 

Catarina I 

...Catarina-Monteola-Maverick I I 

Cavot I 
Cavot-Badlands 
Chaney-Demona 

I 
I I 

Chickasha ,I lL 1 

Clairemont-Yahola 1 : 

Clareville-Ravrnondville "9Ti:7 r 
Coastal Sands I I I 

Cobb-Latom 
Cobb-Miles : i 

Conroe.Rravelly , 
Copita L : 1 
Copita-Zapata I 

, : 
CraNford Ri 4.R I 

-

Crawford-Bexar 1 lL 7 I 
Crawford-San Saba I I I , 
Crawford-Tarrant R: 4_1 I 
Crockett-Bonham 4; 5.2 

-
Crockett-Edge-Lufkin I 2' 6 0 I 
Crockett-Lufkin I 3 5 2 

_ Crockett-Wilson 41 49 10 ').6 615.1 
Crockett-Wilson gravellv , , , 

Crowley-Susquehanna 1 
Crystal-Zapata I I 

CuerQ-HQustQn 2i ') " I i 
Cuevitas-Delmita 1 4 n I I 

"cuthbert I 

Cuthbert-Boswell I I 
Cuthbert-Kirvin I 

ell t h b e r t -_Tabor-Ed Q"e I 

Dalhart 
Dalhart-Mansker 
Dalhart-Vona Ii 4.0 
j)arne1 l-Owens 25: 4.6 3 4.3 
Darnell-Owens-Bvrds I 

Darnell-Pontotoc 
Darnell-Renfrow ')4 " 
Darne ll-Wichita-Ti11man ') 4 ') 
Delfina-Willacv 10 4 
Delmita 
De lrni ta-Delfina 4 0 
Delmita-Nueces 
De lrni ta-Zapata 4 3.8 
Denton-San Saba 21 4.6 1 5.3 
Denton-San Saba-Crawford 6 4.7 
Denton-{shallow)-Denton-San Saba g14.R 
Denton-{shallow)-Tarrant 8 4.6 7 1_9 
Denton-'T'::Irrant 1? !.P. 
Duffau-Bunvan 
.Duval-Debita 

4 5 6 7 8 9 
=: , --.., 

-~---L ! 
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I 
1 4.0 

: --
1 8 3.51 i I 
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1 I 
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, 
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I 

, t-, , 
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I 
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3"3."""5 
1 §..7 I 
I 

6 5.0 

7 S.C 
12 5.C 

7 5.C 

--~ 4.f 

-
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TABLE I District 
~ -, ~. -~J"'_L".,3 r I e:§ 10-9 L~ I 2 :3 4
-' 5 6 , 7 I 8 ! 9 
Duval-Nueces i 
Duval-Webb 

I ! , ! 
Duval-Hebb-Comitas 4 4.0 I j 

I 

Ector 24.4 l 5 2.9 1 4.3 ! 

~Ector-Cottonwood i 
- .. 

J£J:.Q.r - LO,zj,e r f--. _. i . .... -­ ;Ector-Ozona .._..._...._._.._._...-

Ector (!to_llgll) 2.9 3 2 i 

Ector stony 113 8 70:3 2 i ,­ -­
Eddy-Ellis i 2 '3.2 
Edge-Kirvin 347 I 

Edge-Lufkin : i 
Edge-Lufkin gravelly 
Edge-Lufkin-Tabor i 
Edge-Sawyer 4 15.1 i 

Edge-Tabor I 14 4.9 2 15 1 
Edge-Tabor gravelly : 

Edna 1 i 5.S I I : 
Edna-Beaumont I 
Edna-Bernard 81S.2 i 

I 

Edna-Bernard-Waller I I I 

Edna-Clodine-Waller i 

Edna-Katv 1014.6 , 1 
Edna (saline) I L I 

Ellis-Crockett I 3 4.7 
T

Engle-Brennan-Copita I 

Engle-Cuero-Houston I : 

Engle-Houston 1,5..011 , 

Enterprise-TiEton i 2 4.311 i : 
Enterprise-Tivoli I I I : 
Eufaula 11.5.S1 1 

Eufaula-Arenosa I 2 S.4i' 
, 

I 
Eufaula-Nueces I 1 ~IJ : I 

Eufaula-Hebb-Leming I 

Eus tis -Axte11 I I 
Eustis-Lakeland 6' 4.3 I I.­ ~ -

I I 
, I , I I 

Ferris-Heiden I 35..2 I I iI 
, 

Foard-Hichita I 4 4.9 I I 
Frio i 6 4 5.i i I I

I 

Frio-Blanco I 1 b. fli I ! I 

Frio-Krum I i 1 
Frio-Leona I 

Frio-Lewisville l' '1 'i I 
Frio-Norge 2 4.4 
Frio-Trinitv I 
Frio-Uva Ide l' 4 .3 I I 7,4 2 , 
Frio-Venus-BosQue , 

I I 
Gageby-Rockhouse ! i i 
Galveston , 
Galveston-Medio 3'4.0 I 
Galveston-Mustang 
Galveston-Nueces 1'4 5 i 

I 
I 

Garner 4 5.1 I 

Garner-Byars-Acadia S 5.6 i , 

f:.il",-r.",,,,,t­ i I 

•Gila-Imneria1 1 3.5 i 
Goliad : 

I 
I i 

Goliad-Kimbrnmrh 7'4.7 I 
, , 

GQ liad -Za12a.ta. I i ! 

Gowen 2 4.1 I i : i 
Gowen-llka , I 

Gowen-Ochlockonee 1'5 S I i 

Grave lly romrh land 113.8 ! I 
, 

I I ,
...G.r.a.Y.e 11 v -!'l tony l'OtlQh I , 

Gtlada 1 me-'l'l'ini I"v , I I 

f:.vnl::tnil-Reeve.s 2,4.0 , I 25.13.1 I , 
i 

, , 
R"",,..,,,,h., t- ... l.", .. 

, 
ii 

R" ...l.i,.., 2 1 4 5 , i I 

H::tl'hin-'P",ilprn::tl", .. i i i I 

H::trhi n -hl i nt'! t-h "r.., t-_" t-",,..,l.,,,,"ui 11", i ; 
l-l", ... l ...,,-Ponrol-,...,.. 6 1 3.9 i 
H::tl'l ;n"''''n-T .... ,.'''iln 85.1 

, 

Ha~]jDgeD-I~~eda-Came~aD 315.2 i , I 

R"''t'm,,"-Cnt'l"nnUlonil 1 I I 

H::t,. ...i .. , i 

H::tl'ri .. m::tr.,l.l .......1'" 
, 

H",n.. l",,,,-T.innv 
Hi..1",l.,.n 11 4.7 
Hida 1 I:rn-'R,..,nn", ... 1014.1 
Hi iI::t 1.,.,,-H.<> ... l i ... .,.",n 81 4.8 ! 
Hidall?o-n .... '''1 h. 

, 

Hi rl::t 1o"l"I-tH 11::1l"'V 36 4.2 i 

Hi t'!::t 1I:rn-Z::t n::ll"", 214.5 i 
, 

Hnl"'kl",v-Crrn.ll.,v 

I 
1 

Hocklev-Katv 
Hocklev-V" 
Hollister-Abilene 1 4.7 
Houston-Austin-Eddv 3'S.7 

TABLE I District 
~ -, ~. -~J"'_L".,3 r I e:§ 10-9 L~ I 2 :3 4 
-' 5 6 , 7 I 8 ! 9 
Duval-Nueces i 
Duval-Webb 

I ! , ! 
Duval-Hebb-Comitas 4 4.0 I j 

I 

Ector 2 4.4 l S 2.9 1 4.3 ! 

r~ctor-Cottonwood I i 
- .. 

J£J:.Q. r - LO,zj, e r 
-~. '-- .... f-. i -- ; Ector-Ozona .. _ ... _ .... _._ .. _._ ... -

Ector (Ro_llgll) 2.9 3 2 i 

Ector stony 1 13,8 70:3 2 i 
--

Eddy-Ellis i 2 '3.2 
Edge-Kirvin 3

'
4 7 I 

Edge-Lufkin I' i i 
Edge-Lufkin gravelly 
Edge-Lufkin-Tabor i 
Edge-Sawyer 4 15.1 i 

Edge-Tabor I 14 4 9 2 ' 5.1 
Edge-Tabor gravelly 
Edna lis·I I I : 
Edna-Beaumont I 
Edna-Bernard 81S.2 i 

I 

Edna-Bernard-Waller I I I 

Edna-Clodine-Waller i 

Edna-Katv 1014.6 , 1 
Edna (saline) I 1 I 

Ellis-Crockett I 34.7 
T 

Engle-Brennan-Copita I 

Engle-Cuero-Houston I : 

Engle-Houston 1, 5..Q , 

Enterprise-TiEton i 2 4.3, i : 
Enterprise-Tivoli I I : 
Eufaula 11.5.51 1 

n Eufaula-Arenosa I 2 5.4i' 
, ... r= I 

Eufaula-Nueces I 1 ~IJ : I 

Eufaula-Hebb-Leming 
Eus tis -Axte 11 
Eustis-Lakeland 6' 4.3 I I 

~ : -
I I I I . I I 

Ferris-Heiden I 35.2 I I i ! 
, 

Foard-Hichita I 4 4.9 I =± I 
Frio i 6 4 5.i I I 

I 

Frio-Blanco I 1 b. fli I 1 

'-Frio-Krum i j 
1 

Frio-Leona I 

Frio-Lewisville " '1 'i 
Frio-Norge 2 4.4 
Frio-Trinitv 
Frio-Uva Ide l' 4 .3 I I 7.42 , 
Frio-Venus-BosQue 

I t±= =t=! Gageby-Rockhouse ! 1 

Galveston , I 
Galveston-Medio 3'4.0 I 
Galveston-Mustang I I 
Galveston-Nueces 1'4 5 i 

1 
I 

Garner 4 5.1 I 

Garner-Byars-Acadia 5 5.6 i , 

c:.il",-r.",,,,,t- i I 

• Gila-Imneria1 1 3.5 i 
Goliad : 

I 
I i 

Goliad-Kimbrnmrh 7'4.7 I . . 
GQ liad -Za12a.ta. I i ! 

Gowen 2 4.1 I i : i 
Gowen-Iuka I 

I 

Gowen-Ochlockonee 1'5 5 I i 

~ Gra:lle ll;>! rQmrh land H I 
~llv-!'ltonv l'OtlQh I I I , , 

Gnadalune-'l'l'inil'"v , I I 

c:.vnl::tnn-'RPP'17p" 2,4.0 , I I , 
i , 

R"",,..,,,,'h.,t-,...'h,,,,,, . i i 

R" ... 'hi,.., 2 1 4 5 . i I 

H::tl'hin-'P",ilPTn::tl", .. i i i I 

,t-_"t-",,..,'h,,,,",,,; 11", i ; 

Em ~lev-Pnntn 1-,...,.. 6 ' 3.9 i 
H::tl'l ;n"'''' ... -T .... ,.'''n''' 85.1 

, 

Ha~]jDgeD-I~~eda-Came~aD 315.2 i , I 

R"''t'm,,"-Cnt' .. 1 I I 

H::t,.,.i .. , i 

H::tl'ri .. m::tr.,hl","..1", , 

H", ..... l",v-T.inil", 1_ 
Hi..1", 1 an 11 4.7 
Hidal"n-'" 1014.1 
Hi n::t 1 a,,-H.<>rl ina",n 81 4.8 ! 
Hidall?o-n. .... '''1 h. 

, 

Hi iI::t 1 "n-Wi I1J11l"'V 36 4.2 i 

Hi n::t 1 "n-Z::t nJIII'"", 214.5 i . 
Hnl"'klev-CTrn.llpv 

I 
1 

Hocklev-Katv 
Hock 1 ev-lI"o,..,,,,,,, ... 
Hollister-Abilene 1 4.7 

I Hous ton-Austill-t.l!i!s1~ I 3' 5.71 I 1 I I 1 I 1 1 I 1 I I I 1 I I 
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i 

i 8 3.5 
-

r--- - .- - .- 1 
I : 1 

--"--_ .. -
732- --" -l-- 36 3.2 

I -~-- _.. ~ - -36' 0 
71 ~ 

5 4.9 
3 4.7.---

I 

! 

I I 3.4.3 3 4.3 
I 414.1 8 4.6 
l 2 ') (, 4 ') 2 lil.l4 5 9 .5 ,_Q 98 4.7 

;--;;i-4 ') 
4:5.9 i + 4 5.9 
1 : I 34.8 

_715 Jl : 7 5.0 
1.12 15 5 12'5_2 32 5.3 

...8 14 ~Q , 8 4.0 
2,)!40 25 4.0 
4!4 1 71 . ') 1 4:4.0 39 4.8 
614.4 1 6 4.4 

i : 3 4.7 
: 
I 415.5 ; 4 5.5 

1 1 5.0 
I 2 4.3 

j 6 3.3 6 3.3 
I 16 4.0 17 4.1 

! 2,5.4 
1 

13! 3.5 I 14 3.6I 

I ; 

! 
I 1 ! 

7 19_' I + 1 f----- . 8J.!I~ 
, : I , 

1 J 
! i 1 : i 3 5.2 
I : I I I I 4 4.91 , 

1 I I 1 29.4.5 I I 514.3 I I 4014.5J 
I ; , 214.8 l' 4 q 4 4.6-. 

! 1 I: , i 1 
I i 1 i 

, 
I 

I 1 , I 615.2 ! I 
1 750, 

, 
1 

I ! I ! 1 2 4.4, 
, 

I i 1 I ! \ I 

, 
\ ! , I 

1 2 5.0 10 4.4I 1 

1 I I 

: 
I I
I 

I I Ii 3.4 1 i j 1 3.4 
i 

, 
I ! 3 4.01-I 1 , 

! 1 1 
, 4 4.1 5 4.2

+-
1I 1 4 5.1 

, : i , 
I 28 4.2 33 4.4 

+- i I 
I ! 215 0 3 4 ') 

I , i I 

! I I 26' 4.1 33 4.2, ~ . 

I i 

2 41 
1 I : 3 5. 3 5.2 

, i I ! ! I' 3. E I : I 24"7 
i 1 I , : ----j--

1 lc..8 
1 \ ! 1 I 

1 
I i ?7 " ? 

, , I 
I i 2 4 ') 

i 
I 

I i 

! : I (, 1 q 
I ! 6. ') .1 14 ') 1 

----t-- , 107 ') 1 110 ') 1 
I I I 

71') (, 756 
I 7 4 ') 245 

I I 14 50 2') 4 q 

! 10 1 R 70 4 0 
I 15 4.5 23 4,6 

136 4 .6. 172 A.3 
2 4 ') 

1 

9- .:J.J 2 42 11 ~.B 
.-

1 
" 0 4 4.9 

3 5..7 
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TABLE I District 
Snit S0ries lP..:9 L~_I 2 :3 4 5 I 6 I 7 I 8 I 9 1 
~7'0__--'" '..­ "_..,,,,-. 

.-­ .. , 

~ton Black-Austin 2 i'i. fl 815 ~ ! 
Houston Black-Burleson ! 1 

--­ -

Houston Black-Denton-Purves 2' 3.8 -
Houston Black-Heiden 
Houston Black-Houston 6115.4 1315.7 1115.2 

+­ 16 5.3 
Houston Black-Houston-Austin 4 1 5.4 ' 3 1 4.8 ! 1915 . .) 
Houston Black-Hous ton-Ellis--­ 2 1 5.2 , 

Hous ::0.1 Black·Hant 
-

35.Q 
- 1i1----­

B1ack-Knippa-Lewisvi11e 4,9 I -Houston 2 --~.
Black-Wilson 

f..--­
i -­Houston I I --­ .J 

Houston-Bonham I, 
1 

Houston-Burleson qi" n 1 i 
Houston-Crockett ?!" 'i I I 1 
Houston-Houston Black I I 

Houston-Sumter 7 '}.6 10 5.3 
Houston-Wi1son-Crockett 2' '} 5 
Hunt-BurlesQn 3 '} 8 
Hunt-Houston Black 1 I 

Hunt -Sumter-HoU!'~ton 3: '}.1 I i I 
I I 

T nil" n<>nrl 1"11<'1" -Htlt'k:l be-L.. - : , 

Indng-Burleson 1 60 1 I 

IrvinQ"-Bur1eson-T,P'W1.sville i I I 

Irvinp-V""nr"", I 11 3.L ! 

Iuka-Bibb 414.6 I I 
l:llanbce-Ir:lling 3 5.1 I ., 

-
.Tim; nl'!z-o"",",,,,rln I 5 0 ! I I , 

Kalmia-Cahaba ! I 

Kat;)l:-Edna I 1 
Katv-Hocklev 1 1 , 

I , 

Katv-Kennev ! , ; I 
Ka rv-'\Taller I I ! I L 
Kaufman I 

; 
-----­

Kaufman-GQwen I' '} .5 1 4.0 i , I 
Kaufman-Navas9t~_________ 2- '} .0 ! 1 

--­

Kaufman-Trinity 
, , 

I1 I , 
Kavett":Tarrant : I I I 

Kavett-Va1era-Tarrant 2 4.5 I ! I : , II 

,Kenney-Hockley I I I 
Kimbrotlph-Arvana : I I 2: 3 • .) I I 

Kimbrol1ph-Enple 1 5,0 1 i i 1 

Kimbrn1l9h -s la 1l1:hter 1 , 2S! 2,~ I1 , 
Kimbrough-Stegall ,,: q Q I I I 83LJ ·1 
Ki rkl I'md -Rpnfrow 6 4.4 1 
'\(; .,.,d n _'R.... " •• ,,,, 11 I i 

Kirvin-Bowie 2 4.6 2 4.( T I I 1 I 

.Kirvin-Bowie-Cuthbert; 1 4.2 , l I 

Kit::llin-BQwi~-Ruston 1 5.5' , f 

Kirvin-Bowie-Tabor 1 4.8 6'4':; I ! i I 

Kirv;n-Collrhhprt" ~ IJ. 1 : , I 1 

~v.in-~~thb~It-Saw~e.r 5 4.5 I , 
I i , ----r-­

KirVin-Lakeland 2 4.;) I I ! 
Ki~iD-IabQr-BQHi~ 15 '4.1 I 

1----­
I I-

Klei-Cahaba-Mvat:t i 

Klei-MYatt 1 

I! 
I ! : 

KDippa-Eric 1: 4.5 ! ! 1 :; 4.0 
Kninna-UvaldE! I I 1 i 

, 

i I I I 

T ... r... " .. I i : I 

I.aCasa-E!;;tcr. 
; : 1 : I ! 

LaCal':a-Harmon I i I 

La.k~ CharlS:!I-Bernard 7, 5.2 : 
, 

I 
I 

i ! 

Lakeland I I 
~keland-BQwie 4 4.6 1[4.3 : i 1 I I I 

~-"~-

Lakeland-Bvars I I , ! I ! 
Lakpl",nn-Cotlt"hbprt" 94.7 ! : , i ! 

La kp 1a nn -Con t"h bArt" -Bowie 1: 4.5 , : i I I i, 
I.akp 1ann -F.II" t-; II: • 44 3 

, 
: i1 l 

Lakp land-Elll': H!:: -Bowie 
, 

i I i1 
Lakpland-RuRton ~!'} <; I : I ! : 1 
Lakpland-Sawver 214.3 I i I i 213.8 
Lakpland-Tabor-Luverne 31-43 I 1 
Larpdn-HAT'linl1l'!n 
Lee-Kimbrou2h i I i I I 

I.pm; n9-Mi PtlP1 i 
Lpm;n<>-Mi9Itpl-NuecAl': I 
'Lpnn", 
T,PM'" -5intQn 150 i I 
T.pnn<2 _7.""" 1.. . 
Lpwil':ville 
Lewisville-Patrick 
Likes-Lincoln 

~!kes-Springer-Tiyoli 5 3. 
Likes-Tivoli 1 lj 3.( 
Lincoln 
Lincoln-Yahola 
Lomalta l 

Lom",lt"",-r. ....""t'",l mAr..hl:lnd 
Lomalta-Harlingen 1 5.0 
JL~malta-Point Isabel 

TABLE I District 
Sn it S0r i es lP..:9 L~_I 2 :3 4 5 I 6 I 7 I 8 I 9 1 
::...";"'-"------ ' .. - "_ . .,,,,-. . -- .. , 

~ton Black-Austin 2 15 .g- 815 '1 ! 
Houston Black-Burleson ! ! 

--- -

Houston Black-Denton-Purves 2' 3.8 -
Houston Black-Heiden 

---
Houston Black-Houston 611').4 l3 1 5.7 1115.2 16 5.3 
Houston Black-Houston-Austin 4 1 5.4 ' 3 1 4.8 ! 1915.3 
Houston B lack-Hous ton-Ellis 2 1 5.2 , 

- 1----

Hous ::0.1 Black·Hant 
-

35,9 
-

I : 1 

l1Ouston Black-Knippa-Lewisville I -
2 4q --1---

Houston Black-Wilson I I I i 
--

- - .J 

Houston-Bonham , : 1 

Houston-Burleson '11<;0 1 
I i i 

Houston-Crockett 2 1 'i <; I i 1 

Houston-Houston Black I 

Houston-Sumter 71 5 6 10 5.3 
Houston-Wilson-Crockett 2' 5 5 
Hunt-BurlesQn 358 
Hunt-Hanston Black 1 I 

Htlnt-Sl1mtpr-Hou~ton 31 'i.l I i I 
I I 

Indenendence-Huckabe-L... , 

Indng-Burleson 1 6_f I 
I rv; n17-R"r1 P",nn-I,pyi <:vi lIe 1 I ! 

Irvi np-V""nn",,,, I 11 3.l 1 

Iuka-Bibb 4' 4.6 I I 
l:llanbce-Ir:lling 3 5.1 I . 

I 

Jiminez-Ouem",..!n - i 5 0 I I 
I 

Kalmia-Cahaba ! I ! 

Kat;)l:-Edna I 

Katv-Hocklev 1 I I 

I , 

Katv-Kennev ! , ; I 
Ka tv-'valler I I ! I : 
Kaufman I 

; i . __ ._----
Kaufman-GQwen ,-;-;,; <; 1 4._0 i , I ---
Kaufman-Navas9t~ _________ ? <; (' ! I I I 

Kaufman-Trinity 
, , 1 I 1 I , 

Kavett":Tarrant : i I I 

Kavett-Valera-Tarrant 2 4.5 I I I : I I 1 
,Kenney-Hockley I ! I I 
Kimbrou2:h-Arvana : I I 2, 3 • .; I I 

Ki mhrnl10h -Rno 1 .. 1 <; 0 1 i i I 1 

Kimbrou2:h -S lau2:hter 
1 

I 2'i: 2,S I 1 , 
Kimbrough-Stegall c;: q Q 1 I I I ""B"J:"J.l 
Ki,.1< 1 "nrl - 'Rpn f'rnT.J 6 4.4 1 

• 
Kirv;n-'Rn",""",ll I I I 

Kirvin-Rnyi", 2 4.6 2 4.~ 1 I I I I 

Kirvin-Rnyi p-Ctthbert lL. I i I 

Kit::llin-BQwi~-Ruston 1 I f I i 

Kirvin-Bowie-Tabor 1 L "1 6'4.5 ! I i I 

Kir\1in-r"t-l;l;~rt 'Il : , I I 

~v.in-~~thb~It-SaW~e.r 5 4.5 l , 
I i , ---r--

..Ki.rVj,n-Lakelanlj 2 4.;.) I I ! 

Kit::lliD-Iabar-BQHi~ 15 '4.1 :- ~-

I I -
Kle i-Cl'Ihl'lhl'l-Mvatt i 

Klei-Mvatt 1 

I I I : ! 

KDippa-Eric 1: 4.:J ! ! I 3 ~.O 1 

KninDa-Uvalde I I 1 i 
, 

i 1 i I 

LaCasa : i : I I 

I.aCasa-E!;;ta[ 
; : I I I ! 

LaCasa-Harmon I i : 
La.k~ CharlS:!I-Bernard 7, 5.2 ! , 

I 
T 

i ! 

Lakeland I T I 
~kelanQ-BQ~ie 4 4.6 114.3 i i 1 I I l 

Lake1and-Bvars I I , ! I ! 
L.Q k., 1 ",nrt _r" t-h l"''!rt 94.7 ! , , i ! 

Lake land -Cn .• be: -Bowie 1: 4.5 , i I I 1 , 
T . .Qkpl.Q-nrt_'F.""t-i", • && 3 

, 
i i 1 l 

Lakeland-Eustis-Bowie 
, 

i I i 
I 

T.l'I I<p l.Qnrl-'Rn" t"nn q!c; c; I : I ! : 1 

Lakeland-Sawver 214.3 I i I i 213.8 
Lakeland-Tabor-Luverne 314.3 I I I ! 
Laredo-Harlinllen I 
Lee-Kimbroullh i I I 
Leminll-Milluel i I 
Lemin2:-Mhme1-Nueces I 
'Leona I 
Leona-Sinton ,- -;,; 0 I I 
T ."'nn~ -7.~VA 11'1 . 
Lewisville 
Lewisville-Patrick 
Likes-Lincoln 

~!kes-Springer-Tivoli 5 3.E 
Likes-Tivoli 1 4 3.E 
Lincoln 
Lincoln-Yahola 
Lomalta l 

T.nm'" 1 t-<>_r""",t-<>l mAr!':hlAn..! 
Lomalta-Harlingen 1 5.0 
Lomalta-Point Isabel 





- -~= -~ -~ -- --- ---
----.-~-----

,"-." ~·"""<&.G,".1'=~,"OC~"';$;.1i<~'-G'''l%!;:&\i~~~ __ ~'1lIE!:il 

"~~~"""'''' at 

TABLE I District 

C "' S. • lp·~d--LL-~ I 3 I, 4 L 5 6 7 8 I 9 I ~:~qL~.~r I ~~,_ 
~ ........ "",,~~ ,.; - *" " 

Lozier-Gaddis --+--Lucien-Vernon 1 '5 _(1 I 

Lufkin-Edge 4 5 .. 6 -
Lufkin-Susquehanna 
Lufkin-Tabor-Edge 
Luverne-Tabor-Lakeland 2 4.7 

-
Mainstay-Rr8wst~r-Liv 

~M;ioterre-purves-DUgOut 3 4.7 --, 
Hansker-Berthoud s.1. 245 6 3. -
Mansker-Berthoud Ls .1. 1 4.0 414.4 
Mansker-Berthoud-Potter 614.3 
Mansker-Bi l2l2uS 1 .4.2 414.4 
Mansker-Miles 
Mansker-Potter 3 3.9 3 4.7 1 4.2 5 4.3 
Marsh 
Maverick 3 4.3 
Maverick-Montell 1 4.5 
Maverick-Monte II-Catarina 5 14 3 
~mverick-Montell-Zapata 

Maverick-Zapata 1 5.5 
McAllen-Brennan 2 4 6 
McAllen-Copita 1 4 5 
McAllen-Zapata 
Medio-Delfina 
Medio-Miguel 5_ 4,8 
Medio-Tiocana 
Menard-Brackett-Duffau 
Mereta 
Mereta-Potter 2 4 0 2213.7 
Mereta-Valera 5 4~ 
Midland-Beaumont 
Midland-Crowley-Harris 
Mid land-Crow ley-Hockley 3 15 3 1 
Midland-Crowley-Waller , I 4 .2 
Miguel-Leming 314 5 i I --
Miguel-Medio 1 
Migue I-Ore lia 115.0 I 1 , I ; 

Miguel-San Antonio 1; 3 9 I 
Migue I-W illacy 2' 5.2 I 

Miles 1: 4 1 ! ! 

Miles -Abilene i 

Miles-Berthoud 
Miles-Brownfield i 1 I 
Miles-Enterl2rise ? 4 Q , 
Miles-Mansker I 11 3.7 
Miles-Olton - " I 1'3.4 I ' - ,-'- --------- -~- - - -

Miles-Potter-Uvalde j 235 
Miles-Springer 7,4.4 ! 1 3.9 I 2 4.1 
Miles-Tipton 2 4.1 : I 
Miles-Wichita 4,4.3 1 I ! 
Mi ller-Norwood 3 5.C I 
Miller-Norwood-Pledger 

+--Miller-Norwood-Yahola 115.5 
Miller-Pledger 214 'i 1 
Miller-Yahola 
Mi ller-Yaho la-Trinity 1 , , 

Minco-Brazos 1 4.0 ! 
Minco-Teller 11 6. 5 I 

Minco-Wilson 3 4 .8 
Montell-Maverick 1 4 5 I 

Monte ll-Uva Ide I 

Monteola 1 5.0 
Monteola-Dant 61 4 7 ! 
Monteola-Engle 
Monteola-Kimbrough 1 4 5 ! 

Monteola-Tordia-Zapata hi 6. R i ! I 

Morey-Crowley-Waller I I 

Mus quiz 
Musquiz-Santo Tomas 
Myatt-Ruston-Susquehanna 
J1averick~Catarina-Montell I 1 

Nacogdoches-Aito I 

...Nacnp'c1nl'h~!': -Bub 7 4,4 1 I 

Nacogdoches-Magnolia 2 4,4 
NAcngdnch~!':-Magnolia-Bub 

N.<Iv.<I"nl".<I 1 5,[ 
Navasota-Bibb 
Navasota-Och1n"knn<><> 
Navasota-Swamnland 
NimT'nd-P~d~rna l~s-WindrhnT'!': r 1 5 .. 0 
Nimrod-Selden i 

_Nimrod -W ind thors t 8 4.3 I. 

Nimrod-Windthorst-Stephenville 1 4.5 8 4.7 i 

Nobscot-Brownfield I' 
Norfolk 14'1 
Norwood-Miller 1 4 lJ 
Norwood-Wichita 10 4,Q 
Norwood-Yahola 145 
Nueces -

Nueces-Medio 

I Nueces-Serita I I I I I I I I I I I I I I I I I I I I 



.... ----~--~-----------

18 I 
1 I~ () 
6 5.8 

21 4.3 ?1 ILL ':\ 

214.1 3 4.3 7 4.4 

+--+--+-"-~~-~---+--+--~1---+-~--4---~~--+--+--+--+--~-1~~: --~-+i--+--+-4-~--~--~-+--+--+--+-~--1--; 
I ! ! 3 4.7 
I i 8 3.9 4_--I---+--~-I---~~-+--t----t---+---I----I---+--+---+---+----+--+--+----+---+----II---~ -~--I___~-- --f---+---t--f---+--I---=-~~~ 

I i 5 4.3 

I 

I 6 4.3 
5 4.4 

413.4 4 3.4 
12 4.3 

1 4.7 4 4.4 
" 1 4.5 

11 5.1 16 4.9 
38 5.5 38 5.5 

115.5 
4 4 1 (, 14.4 

145 
'7 I< A '71< A 

1 4.8 (, :LL.R 

q ILL~h 914.6 

I i 8 4 .3 32 3. 9 

275.1 30 Is.] 
584.5 5914.5 

i ~ 1 3.4 i I 4 ILL 2 
~~t--+---~-1-~~~~-~-+--~~1--4-5~~3~6~--~~-+--+--T-~--~~~~--~-+--+-~--~~--~--r!. --r-~~I~~~' 
~--t--+--~~---+--+--+--4--4-~--1. . ____ +--+ __ +--+ __ ~-~-~-+-~--~-~--+__+--+-_4--~~t-'LW1~~"h~ 

i I 3 i5.3 I I i I LL:~"? 

~--t--+---~~!--~--~~--~-+--~~!--~~~~--~~--+--+--+--4--_'t--r---r--r--+--+--~~--~~r--rl' __ r-~'11u.~9 I, 6 3.8 I RILL? 

4---I--~--~~I_--~I--+--+I--+--+--4---I--~--~~--+--+--~i--4-~!--~--~-+--+--+--+-~---r--r--r--~~~:LL~~?_R!LL? 
i ! -+ __ ~~ __ ~~5~3~.~8r--~'3~.~8 -+---I--~--~~---~~--+--+--4--4--~-~---+--+--+---+--~~I-------+--~-4--4---J--+--+---; i : I I I 

! \ I! I ) 

t; I I 2 4.0 
2 '3 8 13 3.7 

i 1 I I 
i I 

1 3.~ 
2 :3 5 

" I 20 il. 7 30 3.9 
~~--~--t--I---~---+--+,--+--+--4---I--~--~~--+--+--~i~4---I,--~--~,--+--+--+--+--4-~~~--~~~~1~~~2~4.~,1 

I ! I i 6 135 l{)i3,8 
I Ii 3.8 i i 3 5.3 I , I : 7 Ii. 0 

615.5 I ! i 61.55 
I I 1 5.5 

I i i 214.5 

~--I--4_-4--' 1--+--+!~4---I--~--~-+---~!I--+--+--+-~!--~--rl __ ~-+i __ +--+ __ +---I __ ~ __ ~~ __ ~-+ __ +--+ __ +-~ 
I ~ 414.5 I ! I I 4 4.5 

~==~==~~==~=="~'--~_+--+I--+--4--4-~--~--~i--~-+--+_--+I--4-~I--~--+--r--+--~--r-~ __ ~~ __ +--+ __ +-~~1~4~.6~ 
j I ]1~.5 

i j ! I i Ill. ~ 

I Iii I "1 4.5 
-I-~~~--~---!---~-+---l-_+---+I--~""--+---+---+--+_-+---+,--4----1---t--f---+--!-- --~--l----I-".-""-+-~---+-~t--+----'I-Z+-~ 

~~r-~--r--+:i---~-+--~:-+--1--1-~--~--+i~~~-+--+--+--4-~:--~--~i--+--+--+--+--4---I--~~r-~-~~~3~5~.~0 
7 4 • 4 2 I 4. 2 i 15 14 5 

2 4~5 6 5.1 
! 

i l3 4.4 '-3 4.4 
2 2.9 22.9 

1814.6 114.1 16~~ 2714.6 
3 5.9 _ 8 4.7 

10 4.5 10 4.5 

214.6 2 4.6 
2 4.0 3 4.3 

22 5.0 30 4.8 
9 4.7 

14.2 
."~3 4..-4 
10 4.'0 
1 4.5 

3 4.6 _3 4.6 
10 4.6 10 4.6 

15 



TABLE I 

I~o it ~Pri P5 
~~~~;-" -

Nlleces -'.Ji llacv 

o c h 10 c ko.ne..e..::.B_ihlL::NgJl'<l~LQ.t..a 
Olton. 
Olton-Amarillo 
QJJ:~Berthoud 

..QLt;:on-Pullman 
LQJ_tQP -H t.n t e rs 
LQ]:"e li_a - Bal)que te 

Orelia-Miguel .. 

Orelia-Monteola-Tordia 
Owens-Kirkland 
Owens-Renfrow-Darnell 
Owens-Tarrant 
Owens-Windthorst-Darnell 
Ozona-Uvalde 

Paiarito 
Pecos-Arno 
Pedernales 
Pedernales-Pontotoc 
Pinal eravellv 
Pinal-Reagan 
Pinal-Verhalen 
Pinal-Zapata 
Plummer-Caddo 
Portales 
Portales-Arch 
Portales-Berthoud-Drake 
Portales-Drake 
Portales-Mansker 
Portales-Pullman 
Portland-Yahola 
Potter-Berthoud 
Potter-Berthoud (rough) 
Potter-Bippus 
Potter-Mansker 
Potter rough 
Potter stony land 
Potter-Vernon 
Pratt-Dalhart 
Puerta-Madrone-Loghouse 
Pullman 
Pullman-Richfield 
Pullman-Ulysses 
Pullman-Zi ta 

Quay-Montoya-Vernon 
Quay-Vernon-Montoya 
Quinlan (rough) 
Quinlan-Woodward 

Rains-Caddo 
Reagan 
Reagan-Frio 
Reaea:n--Xrtlm ----- '.- - - ---

Reagan-Pinal 
R"'<lo<l ... _R",,,,u,,,<o 

Reagan-Sanderson 
Reagan-UPton 
Reagan-Verhalen 
Redona-Reagan-Verhalen 
Reeves 
Reeves -.GYP_sum Land 
Reeves-Pinal 
Reeves-Toyah 
Renfrow 
Renfrow-Chickasha 
Renfrow-Chickasha-Kirkland 
Renfrow-Darnell 
Renfrow-Kirkland 
Renfrow-Owens 
Richfield-Mansker 
Richfield-Ulysses 
Rio Grande-Camargo 
Rio Grande-Matamoros 
Roebuck-Pledger (saline) 
Rough Broken land 
Rowena-Mereta 
Rowena-Tabosa 
Runge-Engle 
Runge-Miguel 
Runge-Sarnosa 

Sabine-Coastal land 
Sabine-Galveston 
Sabine-Hockley 
San Antonio-Clareville 
San Antonio-Clareville-Monteola 
S"n Ant"nn;n-Mioll",l 

Sanderson-Reagan 
San Saba-Crawford 

0" " · t ls.rac 
10-9 L~- I· 2 
",: .. " -.,~ 

5~ 6 4 
.- . - ... ~ -"--' - .. ,"~\~-.; ---..! ...... _--{." 

1 4.0 i i .---~ 
i 

I i !\4.~ 

5 3 7 ! I 51 3.8 
4 3.8! i -
2 4.21 3' 4.2 

I 
. - ~ . ,--+--'--r-- --

4 5.4 I 

: ----, I 

2 
'
5.2 1 I i --f--. 

314,9 
214.4 I 

115.0 I i 
, 

I 

1 14.1 I 1 
I , 
I I 

, 

21 3.4 , 

S 4.3 15 3 3 
i i 

j 

I 
2 4.0 ! ; 74 3.2 

, 40 13.6 
I I 

I I 

2 3.6 
1 3.8 I 2 3.6 34 2.9 

i 
LI 

1 4.0 614.5 1 4.8 
I ! 3 4.C I 

, I i 

1 ! 4 I:) i ! 

i i 5 3q , i ! I 
814.2 i 5 '4.3 i 29 :2.9 

i I ! i 
! 
I ! I i 

! 1 4.61 
! , 

21 4.4 ! 38' 4. 71 73 4.4 
1:)14.0 i j 94.2' 

i j 
1 41:) I 345 

I I 
I I I 

, 
I i 
I 1 , 

I I 

I , 

) i 

8 4. 1 77 3.4 
613 3 -+-

1 i 3.8 ! 1 
, 8813 3 

i ! 
i 

I , 
i i i i 

I 

i 

1 3.7 ; 2R13.2 
1 ; 

12 4. i 22 3.0 

I i 

I 

lli 4 ._~ 9 4.k 1 13.R : ! 
l' 4.0 i ! ! I 

742 I 1 1 11 7 ! : 

2 ' 4,7 i i 

16'4.8 I 1 5.1 1 4.2 I , 

1:)\ I:) 1 
, , i 

51 5.Q 
2 4.4 7t 4.6' I 

1 5.0 I 
i 

1 5.5 , 
: 

2 4.5 ! 
I 

I:) 4 6 I 

1 5.l , 

9 5.e 

I 

1 4. 
1 1 1= 

18 3.1 
8 5 . 

7 8 U J L .... ""CI"'. __ """""', 
~ 

;' ,J ~""~ 1'" 

-
.- ------

5,4.0 
1 t 

! 

i 

I 

4 4.0 I 
I 

I I 
3: 3.8 1 

1 I 

, 
I 

I 

214.3 
i 
1 

1 4.5 .L-, 

! J 
! 

, 
: 

1 3.4 ! 

, 

I I 
i 

I I 

j 

! 

i 1 

! ! 1 
! 

, 
I , ! 

! 
16,5.4 1 

i 

45 4.0 
1 41 

9 5.1 



IL 

Jrio!Siq! . Q1 

J 10 ~J-.l~I:::~,~? J. ... t1J--!&_J:-l§j~l, ~~J~-J=-~Q~l~,~ J~l '~;3 J~4~b£?14Y~ 
_ -.' ." <11':' ' , ....---' ',' 

r I ! 1 4.0 
-. -

I I ! 
1 4.0 I 1 4.0 

-, , 

! ..l.- 213.9 3 a...Z 
I , 

56 3.8 .--, 
I i 4 3.8 

-".~-. --
I 1 2 4. ,.~. 

i i I 7 4.3 . __ .. --, 
I i 5 4.0 -+-t I -r i I 4 5.4 

I -: --- I 1?1401 -
, . 

--l---" 14 4.2 - I -- ----- -- --f----- ~--" , , 
I 71 6. R 10 '4.8 

-~-- . 
j i 2 4.4 

i I , .. _-
1 5.0 

i I 1 3.1 1 3.1 
! I -. 

I 1 4.3 
! 

! I , , 
I 2 3.4 I 

I i 20 3.6 
I i ! I 

I ! I 
I i ':l ':l_':l ':l ':l ~ 

! I 76 3 2 I 

I I I I 40 3, f 
! ! 2 3.6 2 3.6 
i i 

I 2 3.f 
I I 38 3.C 

! I I 

! 
i 

I 

-t 8 4.5 I 

I I ! 3 4.0 
I i 

I 

, 1 4.5 
I , I I 14,lj 6 4.1 

I , 
! I : 

I i 
, 

! f--- __ L_ I 46 3~ I -. 
1 i i I i i I I 

I 
, 

: ! I i ! i , , 

! I i i I I 3 3.8 , I 

I ! ! ! I I 1 4.6 
I I 

I I i I , I 1 ----r-- t -, I ! i 5 4.5 137 4.5 I I 

i I I ! I I 14 4.1 
i I 

I i i [ 6 4.5 
I i 
i i I 
I ! I ! ! i 

I i I 1 

i I I i 3 4.( 5 4. 
i i i i i i 
! I I I I 4 5.3 4- 5.~ 

I i ! I i , 1 4.4 87 3. • -
I ! I I 

+ 6 3. 
! ! ! 89 3.': 
T i 

---~ 
I 3.4 3 .~ ! I I i 8, 8 I , 

I I i I 
I i 1 3.4 I 

: ! i I : ! i 
I I I i i 

, 
I I 

I i I I I , q 3 ') 38 3.3 I I --
! , , I 

, 
i I 2 3.9 2 3.9 , 

! T ! ! I 34 3.4 I 

: I ! , i , 
i i I :,+- I 

1 I ! ! i 

i I 
, 

1() /, Sl 31 4 -5 
i I I i 1 4 0 
i 

, 
I ! R 4 1 i : 

! i I : 2 4.7 
1 I I 2714.9 45 4.9 

I i ! i I 27 1 5.4 48 5.4 
! i I - 5 5.C 
I I 9 4.E 
I i : ? -1f 3 4. 

! 
I 1 5.5 -- --- ------l-, 

! ; 
, , I 

I i I 47 4.0 
I I 1 4.3 - --
I , 2 3.7 7 4.3 
i 1 5.0 
I 1614,,) ?') 14 

i 
, 
I 

I i 
I 
I 8 1'5-;1 9 5.1 
i 2 5.1 3 4.7 - --
I 18 3.1 

.1 J 17 ') .? 

16 



:, -""'; ,~-~."",=----,":,~;:',~, . .,...j. ....... 
.~"~.~-~ 

TABLE I, 

bOil ~k~ries 
'-
~aILSaha.;:lle.n.ton 

San Saba-Denton-Crawford 
~Qsa-Dant 

Sn1"nn";l-RllnP'P 
S:>r"f)sa -Zapa ta 
~~xt-pl1 
~s.aw~er=BQW ie 
~s"aw~x-=.Cu"thbP 1"t-
._SEJy)'er.=Rdge 
--.S.aN)'.ex.::Ed&-e.=Lufkin 

Sawver-Edge-1':>hn1" 
SRwve1"-KRlmi;l 
S;lwvp1"-Ki nrin 
Sawver-Kirvin-Cuthbert 
Sawver-Lakpl;lnrl 
Sawver~Lakeland-Bowie 

SRwver-Lakeland-Rust-nn 
S:>wvpr-S' Isa' ,ph;lnn;l 
Sp1"it-R-'P;llf"1"1"i:>s 
Simona-Potter 
Sinton 
Speck-Tarrant 
Springer 
Soringer-Gomez 

" 
Springer-Miles 
Soringer-Miles-N~bscOl "'~" 

Springer-Otero 
Sour 
Spur-Norwood 
Spur-Potter 
Spur-Yahola 
Stamford 
Stamford-Vernon 
Stegall-Arvana 
Stephenville-Darnell 
SteohenvilTe-Mav 
Ste~henyille-Nimrod 

Steohenville-Windthorst 
Stidham-Webb-Miguel 
Stonv rough land 
SYsgyehanna-BQswell 

-Blla1111ph:>nn:> -'R"t.1i ",-S",.1V"'''-
Susauehanna-Evars 
Sllsallph;lnn;l-H""St-nn 
Susauph:>nn:>-Lufkin 
~q '''I111Ph",.,,.,,, _S"T,1uo ... 

1';lh"1"-Axt-pll 
1':>h" ... -r. ... ""kprr 
1';lh" ... -F.rlop 

.-.TaQor-Edge gravellv 
1':>h" ... -Edge-Lak.,1""il 
Tahor-Edgp-Rnst-nn 
Tabor-Lakeland 
Tabor-Lufkin 
Tarrant 
Tarrant-Brackett 
Tarrant-Brackett stonY 
Tarrant-Bvrds 
Tarrant-Crawford 
Tarrant-Denton 
Tarrant-Denton stony 
Tarrant-Ector 
Tarrant-Kavett 
Tarrant Rough stony land 
Tarrant ston:y 
Tarrant stonv-Valera 
Tarrant-Tobosa-Owens 
Tarrant-Valera 
Teller-Minco 
'l'p11p ... -V;lnns" 
1'i 11 m"n _1<'"", ... rl 
1'i l1m;ln-1<'n", ... rl-H,,11 i"r.,,,, 
1'i 11m"" -S r"m-F"..-il 
1'i 11m"" _ U., ,..,,,n 
'1'i l1man-Wi ('hi t-;l-Vp"rTInn 
'l'int-nn-F.nt-p ... n ... is", 
1'inr"n-V"h,,1,,-A1f-11" 
Tish"mino" 
'1'i shnmi non 0"';l~7P 1 
'l'i "hnminon 0 ... ",,,p11,, ",,,"oh 
Tishomingo-Katemcv 
'l'i"hnminon-Pnnf-nf-n" 
'l'i"nli 
Ti vo li-Brownfie ld 

~ 

Tivoli-Dalhart-
Tivoli-Likes 
Tivoli-NtlPCPR 

-

:1,,' ---.t~ . ... ~ 

District 
10·9 L~-I I 2 
,~ l"-

'---' 
5 

!--'" 
" 16 4.8 8 5.21 1--1 

I 
2 5.0 

.1 5.5 
115.0 

. I 
_--L-. 

; 1 
2 5.7 

--1------- ---+--
f---- __ ' ___ -1 

714.2 11 4.3 ___ I I 
I 

1 4, ! I 

443 i 
3 4.3 i 

1 C; C; I 
! 

11 4 , I 

8 4.6 , 

! 1 3.4 
1 5.5 

; I 
6 4.1 , I 

, 

1 4.7 , 
, 

i 

1 5.0 
! 
I 

! i ! 
2,5.3 i I I I 

I I I 

I i , 
I 

814.2 1 4.71 114.7 
I j I I i 

1. 5.5 I , 
I 

, , 5,4.0 ! i 

25' 4.6 i I I 
3i 4.7 ! 
5 1 4.8 ! 

I I I 
I 

14 4.5 6 l+.8 ! i I 

15 ;5,0 7 4.2 ! 1 I 
I 

i I 1 
1 3.9 I 

, 

I 113 6 I I 

21 4 3 ! 1 

! I ! 

! 
2! 5 .2 i 

I 

I 

3! 4.8 : 

40( 4.6 I ! , 
1 

, I I 

91 4.6 1 6.0 I 

7! 4. I 1 7 5.2: 1 
I ! \ 

i I : 

1 
I 

714.5 , 
I i 

11 5. I I I i 

4l 4~ ! 
, i i 

Ii 4. 1 

, 
I 

! 

31 4 8 I 

9 5.2 , i i I 

n 4,8 1 142 
i I I 

I 

I 
I 

1 3.6 i 

i 
1 4.0 

3 4.0 1 
':\ " 

Q, 

.. ; -.--, 
, "":; 

7 aLLl 6 

_. 

-
! I t-

I 
I 

88 3.2 
913.4 

I , 
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TABLE 2. 


U.S. SOIL CONSERVATION SERVICE GENERALIZED SOIL MAP DATE 


Dist. 1 2 3 4 
Delta Sep 61 *Erath Feb 66 Archer Aug 62 Armstrong Aug 63 
Fannin Aug 61 Hood Jul 60 Baylor Aug 63 Carson Jun 60 
Franklin Aug 60 Jack Aug 62 Clay Aug 62 Dallam Aug 63 
Grayson 1962 Johnson Aug 63 Cooke Jul 62 Deaf Smith Jul 63 
Hopkins Sep 61 Palo Pinto Jul 60 Montague Aug 62 Gray Dec 62 
Hunt Aug 61 Parker Aug 63 Throckmorton Dec 63 Hansford Aug 63 
Lamar Aug 61 Somervell Jul 60 Wichita Aug 62 Hartley Aug 63 
Rains Sep 61 Tarrant Aug 63 Wilbarger Jun 60 Hemphill Mar 65 
Red River Aug 60 Wise Aug 62 Young Aug 62 Hutchinson Dec 63 

Lipscomb Aug 63 
Moore Dec 63 
Ochil tree Aug 63 
Oldham Dec 63 
Potter Dec 60 
Randall Aug 60 
Roberts Jul 63 
Sherman Aug 63 

Dist. 5 6 7 8 
Bailey Aug 60 Andrews Aug 63 Coke Jan 65 Borden Dec 63 
Castro Aug. 63 Crane Aug 63 Concho Aug 63 Callahan Aug 63 
Cochran Aug 60 Ector Sep 63 Crockett Aug 60 Fisher Jul 60 
Crosby Aug 63 Loving Aug 63 Glasscock Jan 66 Haskell Aug 60 
Dawson Jul 62 Martin Dec.65 Irion Dec 65 Howard Nov 63 
Floyd Sep 63 Midland Dec 65 Kimble Aug 63 Jones Dec 63 
Gaines Dec 63 Pecos Aug 63 Menard Dec 62 Kent Dec 63 
Garza Dec 63 Reeves Aug 63 Reagan Dec 65 Mitchell Nov 63 
Hale Aug 60 Terrell Dec 65 Runnels Jun 60 Nolan Dec 63 
Hockley May 64 Upton Dec 65 Schleicher Dec 62 Scurry Dec 63 
Lamb Jul 62 Ward Dec 63 Sterling Jan 65 Shackleford Aug 63 
Lynn Jul 62 Winkler Aug 63 Sutton Dec 62 Stonewall Dec 63 
Lubbock Aug 60 Tom Green Jan 65 Taylor Dec 63 
Parmer Aug 63 
Swisher Aug 63 
Terry Jul 62 
Yoakum Jul 62 

Dist. 9 10 11 12 
Bell Aug 60 Anderson Sep 63 Angelina Aug 63 Austin Aug 61 
Bosque Jul 60 Cherokee Aug 60 Houston Sep 63 Brazoria Aug 63 
Coryell Aug 63 Gregg Jul 62 Nacogdoches Jun 60 Fort Bend Jul 62 
Falls Aug 61 Henderson Sep 63 Polk Aug 62 Galveston Nov 62 
Hamilton Aug 63 Rusk Jul 62 Sabine Aug 63 Harris Sep 62 
Hill Aug 61 Smith Aug 62 San Augustine Aug 63 Matagorda Sep 60 
Limestone Aug 61 Wood Sep 61 San Jacinto Sep 62 Montgomery Sep 62 
McLennan Aug 61 Van Zandt Sep 63 Shelby Aug 62 Waller Sep 62 

• Trinity Aug 62 

* Maps on hand; but of poor quality 
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TABLE 2. 
U.S. SOIL CONSERVATION SERVICE GENERALIZED SOIL MAP DATE 

Page Two 

Dist. 13 14 15 16 
Calhoun Jul 61 Bastrop Jul 61 Atascosa Jan 65 Aransas Jul 66 
Colorado Jul 61 Blanco Aug 63 Bandera Aug 60 Bee Jan 65 

**DeWitt Burnet Aug 63 Bexar Nov 64 Goliad Jan 65 
Fayette Jun 60 Caldwell Aug 61 Coma 1 Aug 61 Jim Wells Jan 65 
Gonzales Jul 60 Gillespie Aug 60 Frio Jan 65 Karnes Jun 69 
Jackson Jul 61 Hays Aug 61 Guadalupe Aug 61 Kleberg Dec 63 
Lavaca Jul 61 Lee Aug 60 Kendall Aug 63 Live Oax Jun 69 
Victoria Jul 61 Llano Aug 60 Kerr Aug 63 Nueces Jun 63 
Wharton Sep 62 Mason undated LaSalle Jan 65 Refugio Jan 65 

')'(Travis Oct 69 McMullen Jan 65 San Patricio Jul 61 
Williamson Aug 61 Medina Jan 65 

Wilson Jun 69 

17 18 19 20Dis t. 
Brazos Aug 61 Collin Aug 61 Bowie Jul 60 Chambers Sep 62 
Burleson Jun 60 Dallas Aug 61 Camp Aug 60 Hardin Sep 62 
Freestone Aug 62 Denton Aug 62 Cass Jul 62 Jasper Aug 63 
Grimes Sep 62 Ellis Aug 61 Harrison Jul 62 Jefferson Aug 62 
Leon Sep 62 Kaufman Aug 61 Marion Jul 62 Liberty Aug 62 
Madison Jul 62 Navarro Aug 60 Morris Aug 60 Newton Aug 63 
Milam Aug 61 Rockwall Aug 61 Panola Jul 62 Orange Aug 62 
Robertson Jul 61 Titus Aug 60 Tyler Sep 62 
Walker Sep 62 Upshur Jul 62 
Washington Aug 61 

21 23Dis t. 22 24 
Brooks Aug 63 Dimmit Jan 65 Brown Jan 69 Brewster Nov 65 
Cameron Aug 60 Edwards Aug 63 Coleman Aug 63 Culberson Jan 64 
Duval Jun 69 Kinney Aug 61 Comanche Aug 63 El Paso Aug 63 
IUdalgo Aug 63 Maverick Jan 65 Eastland Aug 63 Hudspeth Aug 63 
Jim Hogg Aug 63 Real Aug 63 Lampasas Aug 63 Jeff Davis undated 
Kenedy Aug 60 Uvalde Aug 61 McCulloch Aug 63 Presidio Jan 66 
Starr Dec 65 Val Verde Jul 62 Mills Aug 63 
Webb Jun 60 Zavala Jan 65 San Saba Jun 61 
Willacy Aug 63 Stephens Aug 63 

Zapata Aug 60 


Dist. 25 

Briscoe Aug 63 

Childress Aug 63 

Collingsworth Jan 65 

Cottle Aug 63 

Dickens Aug 63 

Donley Sep 63 

Foard Jun 60 

Hall Feb 63 

Hardeman Jun 60 

King Dec 63 

Knox Aug 63 

Motley Aug 63 

Wheeler Dec 63 


** No map available - 20 ­
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Test Method Tex-117-~ 

Rev: January 1, 1972 

Texas Highway Department 

Materials and Tests Division 

TRIAXIAL COMPRESSION TESTS FOR DISTURBED SOILS 
AND BASE MATERIALS 

Scope 

This method of procedure provides for the deter­
mination of the shearing resistance, water absorption 
and expansion of soils or soil aggregate mixtures. 
The test consists of applying an axial load to cylindri­
cal specimens of definite dimensions, supported by 
various known lateral pressures until failure' occurs. 
The test method is applied in Part I to laboratory 
compacted specimens of disturbed soil or material 
containing aggregate with the largest size particle 
passing the 1-3/4 inch sieve. Part II describes an 
accelerated procedure which has been carefully cor­
related with the standard method of Part 1. It is in­
tended to use the accelerated method to control the 
quality of material during construction. 

Definitions 

1. Triaxial Test: A test in which force is ap­
plied in three mutually perpendicular directions. 

2. Axial Load: This force is the Bum of the ap­
plied load and dead load which includes the weight of 
the top porous stone, metal block and bell housing and 
applied along the vertical axis of the te st specimen. 

3. Lateral Pressure: The force supplied by air 
in the cell and is applied in a radial or horizontal 
direction. 

4. Unit Stre ss: This term is defined as the axial 
load divided by the end area of the cylindrical speci­
men. 

5. Strain: Strain is unit deformation and equal 
to deformation of specimen divided by the original 
height often expressed as a percentage. 

6. Mohr's Diagram: A graphical construction 
used in analyzing data from tests on bodies acted on 
by combined forces in static equilibrium which shows 
more information 'is to physical properties of the 
material than other methods in common use. 

7. Mohr's circle of failure: A stress circle 
constructed from principal stresses acting on the spec­
imen at failure. 

8. Mohr's envelope of failure: The envelope of 
failure is the common tangent to a serie s of failure 

circles constructed from different pairs of principal 
stresses required to fail the material. The envelope 
is generally curved, its curvature depending on the 
factors related to the characteristics of the material. 

Apparatus 

1. 	 Apparatus used in Test Methods Tex-IOI-E 
and Tex-1l3-E 

Z. 	 Axial Cells, lightweight stainless steel cy­
linders; 6-3/4 inches inside diameter and 
12 inche s in height, fitted with standard air 
valve and tubular rubber membrane 6 inches 
in diameter (Figure 1). 

3. 	 Aspirator or other vacuum pump 
4. 	 Air Compressor 
5. 	 Damp room or moist cabinet equipped 

with shelves and regulated air pressure. 
6. 	 Screw jack press and assembly (Figure 3) 
7. 	 Pressure regulator, gauges and valves 
8. 	 Micrometer dial gauge, calibrated in 0.001 

inch, with support to measure deflection of 
specimen. 

9. 	 Dial housing and loading block to transmit 
load to cylindrical specimen 

lO. Calibrated proving rings according to 
A. S. T. M. Designation E 4-57T. 

11. 	 Circumference measuring device, special 
made metal tape measure (Figure 5). 


lZ. Lead weights for- surcharge loads 

13. 	 Rectangular stainless steel pans 9" x 16" x 

Z 1/4: inche 8 deep equipped with porous plate 8 

Figure 1 
Axial Cells of Various Sizes 
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5. Damp room or moist cabinet equipped 

with shelves and regulated air pressure. 
6. Screw jack press and assembly (Figure 3) 
7. Pressure regulator, gauges and valves 
8. Micrometer dial gauge, calibrated in 0.001 

inch, with support to measure deflection of 
specimen. 

9. Dial housing and loading block to transmit 
load to cylindrical specimen 

lO. Calibrated proving rings according to 
A. S. T. M. Designation E 4-57T. 

11. Circumference measuring device, special 
made metal tape measure (Figure 5). 

lZ. Lead weights for- surcharge loads 
13. Rectangular stainless steel pans 9" x 16" x 

Z 1/4: inche 8 deep equipped with porous plate 8 

Figure 1 
Axial Cells of Various Sizes 
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Figure Z 

Capillary Wetting of Triaxial Specimens 


Figure 3 

Press Assembly with Specimen in Place 


Test Record Forms 

Record test data on Form No. 106Z, Figure 10, 
MID and Triaxial Test Work Sheets, Figure 9, and 

Triaxial Compression Test Capillary Wetting Data, 
Figure 8. After te st and calculations are completed, 
summarize re suIts on Triaxial Te st Summary Sheet, 
Figure 15. 

Preparation of Sample 

Prepare approximately 200 pounds of material 
according to the procedure given in Part II of Te st 
Method Tex-101-E. See general notes. 

PART I 

ST ANDARD TRIAXIAL COMPRESSION TEST 

Procedure 

A. Determ ining Moi sture -Density Rela tions 

Determine the optimum moisture and maxi­
mum density as outlined in Test Method Tex-113-E. 
using the compactive effort specified for the type of 
material being tested. 

B. Compaction of Test Specimens 

I . Follow steps I through 12 under procedure of 
Test Method Tex-113- E and mold at optimum moisture a 
total of seven specimens, including the speCimen from 
the peak of the M-D Curve for all materials containing 
aggregates. (Base and subbase materials). For fine 
grain soils or those containing small amounts of aggre­
gates mold a total of six specimens at optimum mOisture 
and density conditions. These speCimens should be six 
inches in diameter and B inches in height to the nearest 
1/4 pound of dry material. These test specimens should 
be wet, mixed, molded and finished as nearly identical 
as possible. Identify each test speCimen by laboratory 
number and specimen number. 

2. Immediately after extruding the speCimen from 
the mold, enclose the speCimen in a triaxial cell, with 
top and bottom porous stones in place and allow all the 
speCimens to set undlstrubed at room temperature until 
the entire set of test specimens has been molded. Re­
cord data on M-D and Triaxial Work Sheet shown in 
figure 9. 

Notes 

When a different compactive effort is desired, a 
complete new M-D Curve and test speCimens must be 
molded. 

C. Curing Test Specimens 

After the entire test set has been completed remove 
the triaxial cells and dry cure the speCimens according 
to the type of material. To avoid excessive cracking 
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Figure Z 
Capillary Wetting of Triaxial Specimens 

Figure 3 
Press Assembly with Specimen in Place 

Test Record Forms 

Record test data on Form No. 106Z, Figure 10, 
MID and Triaxial Test Work Sheets, Figure 9, and 
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Triaxial Compression Test Capillary Wetting Data, 
Figure 8. After te st and calculations are completed, 
summarize re suIts on Triaxial Te st Summary Sheet, 
Figure 15. 

Preparation of Sample 

Prepare approximately 200 pounds of material 
according to the procedure given in Part II of Te st 
Method Tex-101-E. See general notes. 

PART I 

ST ANDARD TRIAXIAL COMPRESSION TEST 

Procedure 

A. Determ ining Moi sture -Density Rela tions 

Determine the optimum moisture and maxi­
mum density as outlined in Test Method Tex-113-E. 
using the compactive effort specified for the type of 
material being tested. 

B. Compaction of Test Specimens 

I . Follow steps I through 12 under procedure of 
Test Method Tex-113- E and mold at optimum moisture a 
total of seven specimens, including the speCimen from 
the peak of the M-D Curve for all materials containing 
aggregates. (Base and subbase materials). For fine 
grain soils or those containing small amounts of aggre­
gates mold a total of six specimens at optimum mOisture 
and density conditions. These speCimens should be six 
inches in diameter and B inches in height to the nearest 
1/4 pound of dry material. These test specimens should 
be wet, mixed, molded and finished as nearly identical 
as possible. Identify each test speCimen by laboratory 
number and specimen number. 

2. Immediately after extruding the speCimen from 
the mold, enclose the speCimen in a triaxial cell, with 
top and bottom porous stones in place and allow all the 
speCimens to set undlstrubed at room temperature until 
the entire set of test specimens has been molded. Re­
cord data on M-D and Triaxial Work Sheet shown in 
figure 9. 

Notes 

When a different compactive effort is desired, a 
complete new M-D Curve and test speCimens must be 
molded. 

C. Curing Test Specimens 

After the entire test set has been completed remove 
the triaxial cells and dry cure the speCimens according 
to the type of material. To avoid excessive cracking 
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which will damage the specimen the dry curing is ac­
complished as follows: 

1. For flexible base materials and select granular 
soils with little or no tendency to shrink, place speci­
mens in the oven air dryer and remove 1/3 to 1/2 of the 
molding mOisture content at a temperature of 1400 F. 
(This will require about 3 to 6 hours depending on the 
material, the optimum moisture content and the load of 
other wet material in the oven.) Allow the specimens 
to return to room temperature before preparation for and 
subjection to capillarity. 

2. Very plastic clay subgrade soils subject to 
large volume change crack badly while shrinking. Air 
dry these soils at roo m temperature inspecting the 
specimens frequently by looking a t the sides of the 
specimens and raising the top porous stones to examine 
the extent of cracking at the top edges of the specimens. 
When these cracks have formed to a depth of approxi­
mately 1/4 inch, replace the triaxial cell and prepare 
the specimens for capillary wetting. 

3. For moderately active soils that might 
crack badly if placed il! air dryer for full curing time, 
dry at 140°F and check frequently for the appearance 
of shrinkage cracks. If cracks appear, examine the 
extent of cracking as described under step Z, and allow 
some air drying at room temperature during the cooling 
period before enclosing specimens in cells. 

D. 	 Subjecting Test Specimens to Capillary 
Absorption 

1 . The specimens are now ready to be prepared 
for capillary wetting. Do not change the porous stones 
or otherwise remove them until the specimens have 
been tested. Weigh each specimen and its accompan­
ing stones and record weight. Cut a piece of filter 
paper 10 in. by 20 in. in size, fold to 5 in. by 20 in. 
make several cuts with scissors (Jack-o-lantern fash­
ion). These cuts will prevent any restriction by the 
paper. Wrap the filter paper around "the specimen and 
stones, allowing the bottom of the paper to be near the 
bottom of the bottom porous stone, and fasten with a 
piece of cellophane tape. Replace cell by applying a 
partial vacuum to the cell, deflating the rubber mem­
brane, then place the cell over the specimen and re­
lease the vacuum. 

2. Transfer the specimens to the damp room and 
place them into the rectangular pans provided for cap­
illary wetting shown in picture of damp room, Figure 2. 
Adjust the water level on the lower porous stones to a 
distance of approximately 1/2 inch below the bottom of 
the specimens. Add water later to the pans, as nec­
essary, to maintain this level. Note schematic ar­
rangement, Figure 4. 

3. Connect each cell to the air manifold and 
open valve to apply a constant lateral pre ssure of 1 
p. s. i. Maintain this constant pressure throughout the 
period of absorption. 

4. Next, place a suitable vertical sur­
charge load (which will depend upon the proposed use 
or location of the material in the roadway) on the top 
porous stone. For flexible base use 1/Z pound per 
square inch and for subgrade soils use I pound per 
square inch of end area of the specimen. Consider 
the weight of the top porous stone as part of the sur­

weight, Figure 4. 

5. Subject all flexible base materials and 
soils with plasticity index of 15 or le ss to capillary 
absorption for 10 days. Use a period of time in days 
equal to the plasticity index of the material for sub­
grade soils with PI above 15. Keep the specimens in 
the damp room, equipped with spray system, during 
the period of capillary absorption. 

E. 	 Preparing Specimens for Testing 

S~CIiARGE 

\\,"_~PIE PAN 

LATERAL 
_S5"",­

WATER PA"t 

Figure 4 

Schematic Arrangement for Capillary Wetting 


1. Disconnect air hose from cell, remove 
surchar ge weight and return specimens to laboratory 
for testing. Use avacuum and deflate the rubber mem­
brane to aid in removing the cell frOIn specimens and 
discard filter paper. If any appreciable inaterial 
clings to paper, carefully press it back into the avail 
able hole s along the side of the specimen. 

Z. Weigh the specimens and record as total 
weight after capillary absorption. Note that the wet 
weight of stones are obtained after the specimens are 
tested. Record on Figure 8. 
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which will damage the specimen the dry curing is ac­
complished as follows: 

1. For flexible base materials and select granular 
soils with little or no tendency to shrink, place speci­
mens in the oven air dryer and remove 1/3 to 1/2 of the 
molding mOisture content at a temperature of 1400 F. 
(This will require about 3 to 6 hours depending on the 
material, the optimum moisture content and the load of 
other wet material in the oven.) Allow the specimens 
to return to room temperature before preparation for and 
subjection to capillarity. 

2. Very plastic clay subgrade soils subject to 
large volume change crack badly while shrinking. Air 
dry these soils at roo m temperature inspecting the 
specimens frequently by looking a t the sides of the 
specimens and raising the top porous stones to examine 
the extent of cracking at the top edges of the specimens. 
When these cracks have formed to a depth of approxi­
mately 1/4 inch, replace the triaxial cell and prepare 
the specimens for capillary wetting. 

3. For moderately active soils that might 
crack badl y if placed il! air dryer for full curing time, 
dry at 140°F and check frequently for the appearance 
of shrinkage cracks. If cracks appear, examine the 
extent of cracking as described under step Z, and allow 
some air drying at room temperature during the cooling 
period before enclosing specimens in cells. 

D. Subjecting Test Specimens to Capillary 
Absorption 

1 . The specimens are now ready to be prepared 
for capillary wetting. Do not change the porous stones 
or otherwise remove them until the specimens have 
been tested. Weigh each specimen and its accompan­
ing stones and record weight. Cut a piece of filter 
paper 10 in. by 20 in. in size, fold to 5 in. by 20 in. 
make several cuts with scissors (Jack-o-lantern fash­
ion). These cuts will prevent any restriction by the 
paper. Wrap the filter paper around "the specimen and 
stones, allowing the bottom of the paper to be near the 
bottom of the bottom porous stone, and fasten with a 
piece of cellophane tape. Replace cell by applying a 
partial vacuum to the cell, deflating the rubber mem­
brane, then place the cell over the specimen and re­
lease the vacuum. 

2. Transfer the specimens to the damp room and 
place them into the rectangular pans provided for cap­
illary wetting shown in picture of damp room, Figure 2. 
Adjust the water level on the lower porous stones to a 
distance of approximately 1/2 inch below the bottom of 
the specimens. Add water later to the pans, as nec­
essary, to maintain this level. Note schematic ar­
rangement, Figure 4. 

3. Connect each cell to the air manifold and 
open valve to apply a constant lateral pre ssure of 1 
p. s. i. Maintain this constant pressure throughout the 
period of absorption. 
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4. Next, place a suitable vertical sur-
charge load (which will depend upon the proposed use 
or location of the material in the roadway) on the top 
porous stone. For flexible base use 1/ Z pound per 
square inch and for subgrade soils use I pound per 
square inch of end area of the specimen. Consider 
the weight of the top porous stone as part of the sur-

weight, Figure 4. 

5. Subject all flexible base materials and 
soils with plasticity index of 15 or le ss to capillary 
absorption for 10 days. Use a period of time in days 
equal to the plasticity index of the material for sub­
grade soils with PI above 15. Keep the specimens in 
the damp room, equipped with spray system, during 
the period of capillary absorption. 

E. Preparing Specimens for Testing 

Figure 4 

S~CIiARGE 

\\,"_~PIE PAN 

LATERAL 
_S5"",-

WATER PA"t 

Schematic Arrangement for Capillary Wetting 

1. Disconnect air hose from cell, remove 
surchar ge weight and return specimens to laboratory 
for testing. Use avacuum and deflate the rubber mem­
brane to aid in removing the cell frOIn specimens and 
discard filter paper. If any appreciable inaterial 
clings to paper, carefully press it back into the avail 
able hole s along the side of the specimen. 

Z. Weigh the specimens and record as total 
weight after capillary absorption. Note that the wet 
weight of stones are obtained after the specimens are 
tested. Record on Figure 8. 
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3. Measure the circumference of each 4. Replace the axial cell on the specimen, 

specimenby means of the metal measuring tape. Mea­ release the vacuum, and the specimen is ready to be 

sure the height of the specimen including the stones, tested. The cell need not be placed on the specimen 

and enter on data sheet as height over stone s. Also to be te sted at zero lateral pre ssure if te sted immedi­

record the height of each stone (Figures 5 and 61. ately after preparation. It is important to keep the 
proper identification on the specimens at all times be­
cause weights, measurements, test values and calcu­
lations are determined for each individual specimen. 

F. Testing Specimens 

In brief. the specimens are tes ted in com­
pression while being subjected to their assigned con­
stant lateral pressure. The motorized press is geared 
to travel at the rate of 0.135 inches per minute plus or 
minus 0.015 inches per minute. Simultaneous readings 
of load and deformation are taken at intervals of 0.01 
inch deformation until specimen fails, Figure 7. 

1. Disengage the worm gear drive and crank the 
pre s s down far enough to have room to place specimen, 
metal loading blocks and the special bell dial housing 
in the press. 

a. Center the specimen with upper and lower 
metal loading blocks in place in the press. Adjust the 
deformation gauge in such a manner that it will be down 
against the center of the top spacer block and also com­
pressed for almost the length of travel of the stern. 

Figure 5 The gauge must be placed in this position since the 
Circumference Measuring Device }specimen moves away from the gauge during the com­

pre ssion. Set the dial oithe strain gauge to read zero. 

3. Next, set the bell housing over the strain gauge 
and adjust so that it does not touch the gauge or its 
mounting. At this point it should be noted that the com­
pressive stress will necessarily be applied along a 
vertical line through the center of the ball that is 
mounted in the top of the bell housing. Since it is de­
sir able to apply the compressive force along the verti­
cal axis of the te st specimen, shift the bell housing 
laterally to bring the ball directly over the axis of the 
specimen. Raise the press by means of the motor, 
align and seat the ball on the bell housing into the 
socket in the proving ring. Then apply just enough 
pressure to obtain a perceptible reading on the proving 
ring gauge. Read the strain gauge and record as de­
formation under dead load. 

4. Connect the air line to the axial cell and ap­
pI y later al pre s sure to the specimen. The u suallater al 
pressures used for a series of tests are O. 3. 5, 10,15, 
andaOp. s.i. In cases where the load or stress is high 
(175 - 180 p. s. i.1 for the specimen tested at 15 p. s. i. 
lateral pressure, use 7 p. s. i. instead of ao p. s. i. 
for the last specimen. The lateral pressure applied 
by the air will tend to change the initial reading of the 
strain gauge. As the air pressure is adjusted. start 

Figure 6 

Measuring Overall Height of Specimen and Stones 

the motor momentarily to compress the specimen 
until the deformation gauge reads the same as re­
corded in step 3. Read the proving ring gauge and 
enter in load column opposite the initial deformation 
reading. (Figure 10) 
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3. Measure the circumference of each 
specimen by means of the metal measuring tape. Mea­
sure the height of the specimen including the stones, 
and enter on data sheet as height over stone s. Also 
record the height of each stone (Figures 5 and 61. 

Figure 5 
Circumference Measuring Device 

Figure 6 

Measuring Overall Height of Specimen and Stones 
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4. Replace the axial cell on the specimen, 
release the vacuum, and the specimen is ready to be 
tested. The cell need not be placed on the specimen 
to be te sted at zero lateral pre ssure if te sted immedi­
ately after preparation. It is important to keep the 
proper identification on the specimens at all times be­
cause weights, measurements, test values and calcu­
lations are determined for each individual specimen. 

F. Testing Specimens 

In brief. the specimens are tes ted in com­
pression while being subjected to their assigned con­
stant lateral pressure. The motorized press is geared 
to travel at the rate of 0.135 inches per minute plus or 
minus 0.015 inches per minute. Simultaneous readings 
of load and deformation are taken at intervals of 0.01 
inch deformation until specimen fails, Figure 7. 

1. Disengage the worm gear drive and crank the 
pre s s down far enough to have room to place specimen, 
metal loading blocks and the special bell dial housing 
in the press. 

a. Center the specimen with upper and lower 
metal loading blocks in place in the press. Adjust the 
deformation gauge in such a manner that it will be down 
against the center of the top spacer block and also com­
pressed for almost the length of travel of the stern. 
The gauge must be placed in this position since the 

}specimen moves away from the gauge during the com­
pre ssion. Set the dial oithe strain gauge to read zero. 

3. Next, set the bell housing over the strain gauge 
and adjust so that it does not touch the gauge or its 
mounting. At this point it should be noted that the com­
pressive stress will necessarily be applied along a 
vertical line through the center of the ball that is 
mounted in the top of the bell housing. Since it is de­
sir able to apply the compressive force along the verti­
cal axis of the te st specimen, shift the bell housing 
laterally to bring the ball directly over the axis of the 
specimen. Raise the press by means of the motor, 
align and seat the ball on the bell housing into the 
socket in the proving ring. Then apply just enough 
pressure to obtain a perceptible reading on the proving 
ring gauge. Read the strain gauge and record as de­
formation under dead load. 

4. Connect the air line to the axial cell and ap­
pI y later al pre s sure to the specimen. The u suallater al 
pressures used for a series of tests are O. 3. 5, 10,15, 
andaOp. s.i. In cases where the load or stress is high 
(175 - 180 p. s. i.1 for the specimen tested at 15 p. s. i. 
lateral pressure, use 7 p. s. i. instead of ao p. s. i. 
for the last specimen. The lateral pressure applied 
by the air will tend to change the initial reading of the 
strain gauge. As the air pressure is adjusted. start 
the motor momentarily to compress the specimen 
until the deformation gauge reads the same as re­
corded in step 3. Read the proving ring gauge and 
enter in load column opposite the initial deformation 
reading. (Figure 10) 
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Press Assembly for Triaxial Test 
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Press Assembly for Triaxial Test 
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5. The test is ready to be started. Turn on the 
motor and read the proving ring dial at each. 0 I inch 
deformation of the specimen. Continue readings until 
60 readings have been taken unless failure occurs 
earlier. Failure is reached when the proving ring 
dial readings remain constant or decrease with further 
increments of deformation. In testing specimens with 
aggregates, the slipping and shearing of aggregates 
will cause temporary decreases in proving ring read­
ings. The te st should be continued until true failure 
1S reached. After 60 readings the cross sectional area 
of the specimen has increased so that the subsequent 
small increase in load readings is little more than the 
increase in tension of the membrane acting as lateral 
pre8sure. 

6. All of the above procedure applie s to the un 
confined specimen except that no air or axial cell is 
used. For materials which contain a large amount of 
aggregate, compact and test two specimens at zero 
lateral pressure. Use average of test results unless 
large rocks appear to have created point bearing; in 
this case use highest value. 

G. Obtaining Dry Weight of Specimens and Stones 

1. The specimen and stone s are removed 
from the cell over a flat tared drying pan. Use a 
spatula to dean the material from the inside of cell 
and stones. Break up the specimen taking care to 
lose none of the material and place the identification 

tag in the tray. 

2. Dry the material to constant weight at a 

temperature of 230°F and determine the dry weight. 

3. The damp stones are weighed, dried at 
140°F and the dry weight obtained. This weight com 
pletes the test procedure. 

Calculations 

1. Volume of compacted specimen volume per 
inch of mold x height of specimen. 

2. Calculate dry density of specimen as follow s: 

Dry weight of specimen in poundsDry density 
Volume of specimen in cu. ft. 

3. 	 Molding moisture 

Weight of specimen wet - weight of specimen dry' x 1(If, 

Weight of specimen dry 

4. Calculate the percentage of volumetric swell 
by the expre s sion: 

VA - x 100V M
Vs = 

V M 

Where: V S '" Percentage volumetric swell 

V A '" Volume of specimen after capillary 
absorption 

= Volume of specimen as moldedV M 

5. Calculate the moisture before and after cap­
illarity a s follow s: 

Where: 

MC = 	Percent moisture in specimen after 
capillarity 

Percent moi sture in specimen before 
capillarity 

W A -	 We WD 
x 100

WD 

life 	 W S ­ WD--=---::-:--==----=- x 100WD 

Wet weight of specimen and stones 
after absorption 

Wet weight of stone s 
Weight of ape cimen and stone s before 
capillarity 
Correct oven-dry weight of specimen 

Dry weight of stones 

6. Calculate the values of stress and strain for 
each individual specimenfrorn the following relations: 

S hd 	
x 100 

Where: 

S Percent strain 
d Total vertical deformation at the given 

instant, measured in inches by strain 
gauge. 

h 	 Theheightofthe specimenininches. mea­
sured after specimen is removed from 
capillarity. 

P 
P =p; (1 

S 
'i:OQ) 

Where: 

p 	 The corrected vertical unit stress in 
pounds per square inch 

A correction is necessary because the 
area of t1'.", cross section increases as 
the specimen is reduced in height. The 
assumption is made that the specimen 
deforms at constant volu=e. 
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5. The test is ready to be started. Turn on the 
motor and read the proving ring dial at each. 0 I inch 
deformation of the specimen. Continue readings until 
60 readings have been taken unless failure occurs 
earlier. Failure is reached when the proving ring 
dial readings remain constant or decrease with further 
increments of deformation. In testing specimens with 
aggregates, the slipping and shearing of aggregates 
will cause temporary decreases in proving ring read­
ings. The te st should be continued until true failure 
1S reached. After 60 readings the cross sectional area 
of the specimen has increased so that the subsequent 
small increase in load readings is little more than the 
increase in tension of the membrane acting as lateral 
pre8sure. 

6. All of the above procedure applie s to the un 
confined specimen except that no air or axial cell is 
used. For materials which contain a large amount of 
aggregate, compact and test two specimens at zero 
lateral pressure. Use average of test results unless 
large rocks appear to have created point bearing; in 
this case use highest value. 

G. Obtaining Dry Weight of Specimens and Stones 

1. The specimen and stone s are removed 
from the cell over a flat tared drying pan. Use a 
spatula to dean the material from the inside of cell 
and stones. Break up the specimen taking care to 
lose none of the material and place the identification 

tag in the tray. 

2. Dry the material to constant weight at a 

temperature of 230°F and determine the dry weight. 

3. The damp stones are weighed, dried at 
140°F and the dry weight obtained. This weight com 
pletes the test procedure. 

Calculations 

1. Volume of compacted specimen volume per 
inch of mold x height of specimen. 

2. Calculate dry density of specimen as follow s: 

Dry density Dry weight of specimen in pounds 
Volume of specimen in cu. ft. 

3. Molding moisture 

Weight of specimen wet - weight of specimen dry' x 1 (If, 

Weight of specimen dry 

4. Calculate the percentage of volumetric swell 
by the expre s sion: 

VA - V M x 100 
Vs = 

V M 

Where: 
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V S '" Percentage volumetric swell 

V A '" Volume of specimen after capillary 
absorption 

V M = Volume of specimen as molded 

5. Calculate the moisture before and after cap­
illarity a s follow s: 

Where: 

MC = Percent moisture in specimen after 
capillarity 

Percent moi sture 
capillarity 

W A - We W D 
WD 

in specimen before 

x 100 

Wet weight of specimen and stones 
after absorption 

Wet weight of stone s 
Weight of ape cimen and stone s before 
capillarity 
Correct oven-dry weight of specimen 

Dry weight of stones 

6. Calculate the values of stress and strain for 
each individual specimenfrorn the following relations: 
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S 
d h x 100 

Where: 

S Percent strain 
d Total vertical deformation at the given 

instant, measured in inches by strain 
gauge. 

h Theheightofthe specimenininches. mea­
sured after specimen is removed from 
capillarity. 

P 
P =p; (1 

Where: 

S 
'i:OQ) 

p The corrected vertical unit stress in 
pounds per square inch 

A correction is necessary because the 
area of t1'.", cross section increases as 
the specimen is reduced in height. The 
assumption is made that the specimen 
deforms at constant volu=e. 
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P 	 The total vertical load on the specimen 
at any given deforrnation expressed in 
pounds. It is the sum of the applied load 
measured by the proving ring plus the 
dead weight of the upper stone, loading 
block and dial housing. 

A 	 The end area of cylindrical specimen ex­
pre ssed in square inche 5 at the beginning 
of te st. 

Graphs and Diagrams 

1. Plot the moisture-density curve shown in 
Figure 8 of Test Method Tex-l13-E. 

2. Plot the stress-strain diagram a8 shown in 
Figure 12 when requested. 

3. The Mohr's diagram of stress (Figure 13) is 
constructed upon coordinate axe 5 in which ordinate s 
repre sent shear stre 58 and ab sci5sas represent nor­
mal stress, both expressed as pounds per square inch 
to the same scale. 

L = 	Minor principal stress which is the constant 
lateral pre ssure applied to the specimen dur­
ing an individual te st. 

iJ 	 The major principal stress which is the ulti ­
mate compre s sive strength or the highe st 
v"lue of p detertnined at the given lateral 
l·,re";sure. 

Each individual te st will be shown by one 5tre ss 
circle drawn as follows: 

Reporting Test Results 

Report the Boil constants, grading and Texas Ball 
Machine Value for the aggregate on Form476-A. Sum­
marize test results on Triaxial Test Summary Sheet, 
Figure 15, and strength classification plotted as given 
in Figure 14. 

PART II 

ACCELERATED METHOD FOR TRIAXIAL 

COMPRESSION OF SOILS 

This accelerated procedure is based on a corre­
lation with the standard method for Triaxial Com pre s­
sion Test, Part 1.. performed on a large number of 
different types of soils. Generally it is intended to 
use the accelerated test to control the quality of base 
material s of group (d) during stockpiling and in such 
cases roadway samples will not necessarily be con­
sidered to be representative. 

Procedure 

1. Prepare all materials in accordance with. 
Test Method Tex-10l-E, Part II. 

2. Determine the optimum moisture and maxi­
mum density as outlined in Test Method Tex-l13-E 
with the following addition that mate rial s having a P. I. 
of 20 or above and containing aggregate; wet the por­
tion passing the No. 10 sieve and retained on the 
No. 20 sieve with the aggregate. 

Plot L and V on the base line of normal stre 55. 

Locate the center of each circle a distance of (V -{- L) /2 
from the origin and construct a semi-circle with its 
radius equal to (V - L)/2 intersecting the base line at 
V and L. Repeat these steps for each specimen tested 
at different lateral pressures to provide enough stress 
circles to define the failure envelope on the Mohr's 

diagram. 

Draw the failure envelope tangent to all of the 
stress circles. Since it is practically impossible to 
avoid compacting an occasional specimen that is not 
identical with the other specimens in the same set, 
disregard any stress circle that is obviously out of 
line when drawing the tangent line. 

Classification of M".terial 

Transfer the envelope of failure on to the chart 
for classification of subgrade and flexible base mater­
ials (Figure 14) and classify the material to the near­
est one -tenth of a class. When the envelope of failure 
falls between class limits, select the critical point or 
weakest condition on the failure envelope. Measure 
the vertical distance down from a boundary line to the 
point to obtain the exact classification (3. 7) as shown 

in Figure 14. 

3. Group the soil s into five general type s of ma­
terials and treat <>.s follows: 

a. 	 Fine granular materials with plasticity 
index less than 5 

b. 	 Non-swelling soils with plasticity in­
dex of 5 through 11. 

c. 	 Swelling subgrade soils, plasticity index 
of 12 or more. 

d. Flexible base and subbase materials 
with considerable amounts of aggre 
gate. 

e. Combination soil types 

Group (al 

Fine Granular Materials with Plasticity Index 
Less Than 5 

1. Mold 6 specimens 6 inche s in diameter and 
8 inche s in height at the optimum moi sture and density, 
using the same compactive effort that was specified in 
Test Method Tex-l13-E. 

2. Cover the specimen (with stone s in place) with 
a triaxial cell immediately after removing from mold 

- 31 ­

5 

P The total vertical load on the specimen 
at any given deforrnation expressed in 
pounds. It is the sum of the applied load 
measured by the proving ring plus the 
dead weight of the upper stone, loading 
block and dial housing. 

A The end area of cylindrical specimen ex­
pre ssed in square inche 5 at the beginning 
of te st. 

Graphs and Diagrams 

1. Plot the moisture-density curve shown in 
Figure 8 of Test Method Tex-l13-E. 

2. Plot the stress-strain diagram a8 shown in 
Figure 12 when requested. 

3. The Mohr's diagram of stress (Figure 13) is 
constructed upon coordinate axe 5 in which ordinate s 
repre sent shear stre 58 and ab sci5sas represent nor­
mal stress, both expressed as pounds per square inch 
to the same scale. 

L = Minor principal stress which is the constant 
lateral pre ssure applied to the specimen dur­
ing an individual te st. 

iJ The major principal stress which is the ulti­
mate compre s sive strength or the highe st 
v"lue of p detertnined at the given lateral 
l·,re";sure. 

Each individual te st will be shown by one 5tre ss 
circle drawn as follows: 

Plot L and V on the base line of normal stress. 
Locate the center of each circle a distance of (V -{- L) /2 
from the origin and construct a semi-circle with its 
radius equal to (V - L)/2 intersecting the base line at 
V and L. Repeat these steps for each specimen tested 
at different lateral pressures to provide enough stress 
circles to define the failure envelope on the Mohr's 

diagram. 

Draw the failure envelope tangent to all of the 
stress circles. Since it is practically impossible to 
avoid compacting an occasional specimen that is not 
identical with the other specimens in the same set, 
disregard any stress circle that is obviously out of 
line when drawing the tangent line. 

Classification of M".terial 

Transfer the envelope of failure on to the chart 
for classification of subgrade and flexible base mater­
ials (Figure 14) and classify the material to the near­
est one -tenth of a class. When the envelope of failure 
falls between class limits, select the critical point or 
weakest condition on the failure envelope. Measure 
the vertical distance down from a boundary line to the 
point to obtain the exact classification (3. 7) as shown 

in Figure 14. 
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Reporting Test Results 

Report the Boil constants, grading and Texas Ball 
Machine Value for the aggregate on Form476-A. Sum­
marize test results on Triaxial Test Summary Sheet, 
Figure 15, and strength classification plotted as given 
in Figure 14. 

PART II 

ACCELERATED METHOD FOR TRIAXIAL 

COMPRESSION OF SOILS 

This accelerated procedure is based on a corre­
lation with the standard method for Triaxial Com pre s­
sion Test, Part 1.. performed on a large number of 
different types of soils. Generally it is intended to 
use the accelerated test to control the quality of base 
material s of group (d) during stockpiling and in such 
cases roadway samples will not necessarily be con­
sidered to be representative. 

Procedure 

1. Prepare all materials in accordance with. 
Test Method Tex-10l-E, Part II. 

2. Determine the optimum moisture and maxi­
mum density as outlined in Test Method Tex-l13-E 
with the following addition that mate rial s having a P. I. 
of 20 or above and containing aggregate; wet the por­
tion passing the No. 10 sieve and retained on the 
No. 20 sieve with the aggregate. 

3. Group the soil s into five general type s of ma­
terials and treat ;:,.s follows: 

a. 

b. 

c. 

d. 

e. 

Fine granular materials with plasticity 
index less than 5 

Non-swelling soils with plasticity in­
dex of 5 through 11. 
Swelling subgrade soils, plasticity index 
of 12 or more. 

Flexible base and subbase materials 
with considerable amounts of aggre 
gate. 

Combination soil types 

Group (a) 

Fine Granular Materials with Plasticity Index 
Less Than 5 5 

1. Mold 6 specimens 6 inche s in diameter and 
8 inches in height at the optimum moisture and density, 
using the same compactive effort that was specified in 
Test Method Tex-l13-E. 

2. Cover the specimen (with stone s in place) with 
a triaxial cell immediately after removing from mold 
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and allow to set over night undisturbed at room tem­
perature. Do not dry cure or subject specimens to 
capillary ab sorption. 

3. Test the specimens at the usual lateral 
pressures. 

4. Calculate unit stress, plot diagrams and 
classify material. 

Group (b) 

Non-Swelling Soils with Plasticity Index of 5 thru 11 

1. Compact a set of 6 identical specimens at the 
optimum moisture and density condition. 

2. Use filter paper, lead surcharge weights and 
air pressure for lateral support and subject the speci­
mens to capillary absorption over night as de scribed 
in Section D of Part 1. 

3. The next morning, remove filter paper and 
te st the specimens at the usual lateral pre ssure shown 
above. Calculate unit stress, plotdiagramsandclass­
ify material. 

Group (c) 

Swelling Subgrade Soils, Plasticity Index of 12 or 
More. 

1. Obtain the plasticity index and hygroscopic 
moisture of these 80ils in advance of molding speci­

mens. 

2. Determine the optimum moisture and dry den­
sity of the materials as outlined in Test Method Tex­
113 -E, using the compactive effort specified in Test 
Method Tex-113-E under Compactive Effort 

3. Calculate the molding moisture to use as fol­
lows: Percent Molding Moisture = (1.4 x optimum 

moisture) - 2.2 

4. Obtain the desired molding density from the 

following expression: 

Optimum dry den sity (step 2)
Molded Dry Density 1 +percent volumetric swell 

100 

To determine the percent volumetric swell to be 
expected, use average condition in chart shown in 
Figure 11 or soil pressure Slide Rule. If Slide Rule 
is available, use A2 Scale, an infinite thickness of 
layer and the plasticity index of the soil. It is im­
portant to modify the percent volumetric swell by 
multiplying by percent soil binder divided by 100 to 
obtain the percent volumetric swell to be expected. 

5. Use the moisture content (step 3). vary the 
compactive effort (usually 25 blows per layer will 
suffice on most material s) until the de sired density 
(step 4) is obtained and mold a set of six specimens. 
Where this moisture content is too great to permit the 
desired density, then reduce the molding water slight­
ly (usually about 10/0) and continue molding. The speci­
mens. being in capillarity over night, will pick up this 
moisture that was left out. 

6. When the six specimens have been molded, 
they are put to capillary absorption (as in Part :) over 
night. Test at the usual lateral pressl res and 
classify. 

Group (d) 

Flexible Base and Subbase Materials With Aggregate 

1. When classification is required. weigh out 
enough material to mold 6 or more specimens, in 
individual pans, keeping the portion passing the No. 10 
sieve separate. Sprinkle all the soaking water on 
the + No. 10 aggregate portion in the mixing pan and 
allow to soak for four or more hours. The soaking 
water is the optimum moisture as determined in 
Tex-113-E except, where the flat top curve exists, 
then the soaking water should be the amount of the left 
or dry end of the flat portion. 

2. When desired in testing base and sub base 
materials with aggregates, the following procedure 
may be used where strengths are required. Begin the 
M-D curve as outlined in Test Method Tex-113-E and 
mold at least 2 specimens on the dry side of optimum 
moisture with the second specimen being slightly 
below optimum moisture. Weigh out the plus No. 10 
portion of 9 specimens in individual pans and sprinkle 
the water as determined to be just below optimum 
moisture on each specimen then stir so as to wet the 
aggregates thoroughly. As each pan is wet, weigh the 
contents to obtain the weight of pan + soil + water and 
record. Cover with a lid or suitable cover and stir 
contents every hour (or 3 times). Continue molding 
the M-D curve until optimum moisture and density 
are determined. The difference between optimum 
moisture and the water the specimens were sprinkled 
with must be added to the + 10 material in the pans. 
1£ in the event the specimens have been wet with only 
slightly more than optimum, they may be dried back 
at room temperature, by stirring, to the desired 
weight. 

3. Replace any evaporated water, add in the ma­
terial passing No. 10 sieve, mix and compact. Ma­
terials which can be compacted to the desired density 
without the addition of more water, should be molded 
at optimum moistures :t O. 10/0. Many materials re­
quire the addition of small amounts of additional 
moisture to obtain the desired density. If needed, 

- 32 ­

and allow to set over night undisturbed at room tem­
perature. Do not dry cure or subject specimens to 
capillary ab sorption. 

3. Test the specimens at the usual lateral 
pressures. 

4. Calculate unit stress, plot diagrams and 
classify material. 

Group (b) 

Non-Swelling Soils with Plasticity Index of 5 thru 11 

1. Compact a set of 6 identical specimens at the 
optimum moisture and density condition. 

2. Use filter paper, lead surcharge weights and 
air pressure for lateral support and subject the speci­
mens to capillary absorption over night as de scribed 
in Section D of Part 1. 

3. The next morning, remove filter paper and 
te st the specimens at the usual lateral pre ssure shown 
above. Calculate unit stress, plotdiagramsandclass­
ify material. 

Group (c) 

Swelling Subgrade Soils, Plasticity Index of 12 or 
More. 

1. Obtain the plasticity index and hygroscopic 
moisture of these 80ils in advance of molding speci­

mens. 

2. Determine the optimum moisture and dry den­
sity of the materials as outlined in Test Method Tex-
113 -E, using the compactive effort specified in Test 
Method Tex-113-E under Compactive Effort 

3. Calculate the molding moisture to use as fol­
lows: Percent Molding Moisture = (1.4 x optimum 

moisture) - 2.2 

4. Obtain the desired molding density from the 

following expression: 

Molded Dry Density 
Optimum dry den sity (step 2) 
1 + percent volumetric swell 

100 

To determine the percent volumetric swell to be 
expected, use average condition in chart shown in 
Figure 11 or soil pressure Slide Rule. If Slide Rule 
is available, use A2 Scale, an infinite thickness of 
layer and the plasticity index of the soil. It is im­
portant to modify the percent volumetric swell by 
multiplying by percent soil binder divided by 100 to 
obtain the percent volumetric swell to be expected. 
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5. Use the moisture content (step 3). vary the 
compactive effort (usually 25 blows per layer will 
suffice on most material s) until the de sired density 
(step 4) is obtained and mold a set of six specimens. 
Where this moisture content is too great to permit the 
desired density, then reduce the molding water slight­
ly (usually about 10/0) and continue molding. The speci­
mens. being in capillarity over night, will pick up this 
moisture that was left out. 

6. When the six specimens have been molded, 
they are put to capillary absorption (as in Part :) over 
night. Test at the usual lateral pressl res and 
classify. 

Group (d) 

Flexible Base and Subbase Materials With Aggregate 

1. When classification is required. weigh out 
enough material to mold 6 or more specimens, in 
individual pans, keeping the portion passing the No. 10 
sieve separate. Sprinkle all the soaking water on 
the + No. 10 aggregate portion in the mixing pan and 
allow to soak for four or more hours. The soaking 
water is the optimum moisture as determined in 
Tex-113-E except, where the flat top curve exists, 
then the soaking water should be the amount of the left 
or dry end of the flat portion. 

2. When desired in testing base and sub base 
materials with aggregates, the following procedure 
may be used where strengths are required. Begin the 
M-D curve as outlined in Test Method Tex-113-E and 
mold at least 2 specimens on the dry side of optimum 
moisture with the second specimen being slightly 
below optimum moisture. Weigh out the plus No. 10 
portion of 9 specimens in individual pans and sprinkle 
the water as determined to be just below optimum 
moisture on each specimen then stir so as to wet the 
aggregates thoroughly. As each pan is wet, weigh the 
contents to obtain the weight of pan + soil + water and 
record. Cover with a lid or suitable cover and stir 
contents every hour (or 3 times). Continue molding 
the M-D curve until optimum moisture and density 
are determined. The difference between optimum 
moisture and the water the specimens were sprinkled 
with must be added to the + 10 material in the pans. 
1£ in the event the specimens have been wet with only 
slightly more than optimum, they may be dried back 
at room temperature, by stirring, to the desired 
weight. 

3. Replace any evaporated water, add in the ma­
terial passing No. 10 sieve, mix and compact. Ma­
terials which can be compacted to the desired density 
without the addition of more water, should be molded 
at optimum moistures :t O. 10/0. Many materials re­
quire the addition of small amounts of additional 
moisture to obtain the desired density. If needed, 
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add in the required amounts of additional water (by 
trial and error method) until the desired density is 
obtained and compact a set of 8 specimens using 
13.26 Ft. Lbs. Per Cu. In. effort. The intent of this 
technique is to use the minimum amount of moisture 
equal to or above optimum moisture that will produce 
a set of accelerated test specimens whose average 
density is within 1/2 lb. per Cu. Ft. of the maximum 
density of the original moisture density curve. It 
should be noted that excessive densities can some­
times be obtained in the accelerated set but these are 

almost always very wet specimens and their resultant 
strengths can be misleading. 

4. Subject specimens to overnight capillarity. 

5. Test and if required classify in accordance 
with Part 1. If strengths at zero and 15 lb. lateral 
pressures are specified. test 5 specimens at zero 
lateral confinement and 3 at 15 lb. lateral confine­
ment and average the three highest values for each 
state of confinement for the control values. 

Note: When strengths at zero and 15 psi lateral 
pressures are specified. it is permitted to run cor­
relation tests on a given source of material. 

The correlation shall be as follows: As soon as 
three satisfactory accelerated test specimens have 
been molded in accordance with paragraph two above. 
two of them will be tested at zero lateral pressure 
and the results averaged as one te st. The third 
specimen will be tested at 15 psi lateral pressure. 
If these specimens pass it is safe to assume the set 
to be tested the next day will pass. 

Group (e) 

Combination Soil Types 

This group includes all materials with enough 
soil binder to separate the aggregate particle s or over­
fill the voids of the compacted specimen. For ex­
ample, Hthernaterial 1s a clay gravel with high plas­
ticity index. treat the material as a swelling soil. and 

allow the + No. 20 mate nal to soak 4 hour s as do aggre­
gate materials. It should be noted that the total swell ­
ing is figured only for that part passing the No. 40 
sieve. Other combinations- m~st be recognized and 
tested in the proper group. Subject all specimens to 
overnight capillarity, test and classify. 

Notes: 

Testing aggregate materials under Part 11 when 
classification is required, test 2 specimens at 0 psi 
and the others at 3, 5, 10 and 15 psi. Average the 
result of the zero lateral pressure tests as one value. 
Fine grain soils are classified using lateral pressures 
of 0, 3, 5, 10, 15 and 20 psi. 

Reporting Test Results 

The reports and forms are the same as given in 
Part I of this procedure. 

Interpretation of Re suIts: 

After materials have been classified in accordance 
with Part I or II and cohesiometer values for stabi­
lized layers and surfacing have been determined, the 
fOllowing steps should be followed for the thickness 
design: 

1. Obtain from the Planning Survey Division the 
average of the ten heaviest daily wheel loads. Wheel 
load maps for most roads on the primary system are 
available from this Division. 1£ traffic is anticipated 
to have over 50 percent tandem axle s, multiply this 
wheel load by 1. 3. 

2. Enter wheel load, determined above, on wheel 
load depth chart (Figure 16) and find where it inter sects 
Triaxial strength class, and read depth from left side of 
chart. 

3. Enter above depth on ordinate of Figure 17 and 
follow across page until inter section of cohesiometer 
value selected (see below) for use is reached, then pro­
ject to ab'8cissa to read reduction in depth due to bridg­
ing effects. 

Standard cohe siometer values (corrected to re­
present values from 3 inch height specimens) are 
used with Figure 17 regardless of thickness of sta­
bilized layer except where asphaltic mixtures are used. 
The modification of cohe siometer value s for 3 inch 
high specimens for application to other thicknesses of 
asphaltic mixtures is obtained by the following formula: 

C x t 2 
Cm =--9­

Where: 

C ::: Modified cohesiometer valuem 

C ::: 	 Standard cohesiometer value for a 3 
inch height specimen 

= Proposed thickness of Bituminous 
Mixtures in inches. 

Notes: 

For a 6 inch or greater layer thickness, use a 
value of 6 in. in the formula for t. 
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add in the required amounts of additional water (by 
trial and error method) until the desired density is 
obtained and compact a set of 8 specimens using 
13.26 Ft. Lbs. Per Cu. In. effort. The intent of this 
technique is to use the minimum amount of moisture 
equal to or above optimum moisture that will produce 
a set of accelerated test specimens whose average 
density is within 1/2 lb. per Cu. Ft. of the maximum 
density of the original moisture density curve. It 
should be noted that excessive densities can some­
times be obtained in the accelerated set but these are 

almost always very wet specimens and their resultant 
strengths can be misleading. 

4. Subject specimens to overnight capillarity. 

5. Test and if required classify in accordance 
with Part 1. If strengths at zero and 15 lb. lateral 
pressures are specified. test 5 specimens at zero 
lateral confinement and 3 at 15 lb. lateral confine­
ment and average the three highest values for each 
state of confinement for the control values. 

Note: When strengths at zero and 15 psi lateral 
pressures are specified. it is permitted to run cor­
relation tests on a given source of material. 

The correlation shall be as follows: As soon as 
three satisfactory accelerated test specimens have 
been molded in accordance with paragraph two above. 
two of them will be tested at zero lateral pressure 
and the results averaged as one te st. The third 
specimen will be tested at 15 psi lateral pressure. 
If these specimens pass it is safe to assume the set 
to be tested the next day will pass. 

Group (e) 

Combination Soil Types 

This group includes all materials with enough 
soil binder to separate the aggregate particle s or over­
fill the voids of the compacted specimen. For ex­
ample, Hthernaterial 1s a clay gravel with high plas­
ticity index. treat the material as a swelling soil. and 

allow the + No. 20 mate nal to soak 4 hour s as do aggre­
gate materials. It should be noted that the total swell­
ing is figured only for that part passing the No. 40 
sieve. Other combinations- m~st be recognized and 
tested in the proper group. Subject all specimens to 
overnight capillarity, test and classify. 

Notes: 

Testing aggregate materials under Part 11 when 
classification is required, test 2 specimens at 0 psi 
and the others at 3, 5, 10 and 15 psi. Average the 
result of the zero lateral pressure tests as one value. 
Fine grain soils are classified using lateral pressures 
of 0, 3, 5, 10, 15 and 20 psi. 
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Reporting Test Results 

The reports and forms are the same as given in 
Part I of this procedure. 

Interpretation of Re suIts: 

After materials have been classified in accordance 
with Part I or II and cohesiometer values for stabi­
lized layers and surfacing have been determined, the 
fOllowing steps should be followed for the thickness 
design: 

1. Obtain from the Planning Survey Division the 
average of the ten heaviest daily wheel loads. Wheel 
load maps for most roads on the primary system are 
available from this Division. 1£ traffic is anticipated 
to have over 50 percent tandem axle s, multiply this 
wheel load by 1. 3. 

2. Enter wheel load, determined above, on wheel 
load depth chart (Figure 16) and find where it inter sects 
Triaxial strength class, and read depth from left side of 
chart. 

3. Enter above depth on ordinate of Figure 17 and 
follow across page until inter section of cohesiometer 
value selected (see below) for use is reached, then pro­
ject to ab'8cissa to read reduction in depth due to bridg­
ing effects. 

Standard cohe siometer values (corrected to re­
present values from 3 inch height specimens) are 
used with Figure 17 regardless of thickness of sta­
bilized layer except where asphaltic mixtures are used. 
The modification of cohe siometer value s for 3 inch 
high specimens for application to other thicknesses of 
asphaltic mixtures is obtained by the following formula: 

C x t 2 
Cm =--9-

Where: 

Notes: 

C m ::: Modified cohesiometer value 

C ::: Standard cohesiometer value for a 3 
inch height specimen 

= Proposed thickness of Bituminous 
Mixtures in inches. 

For a 6 inch or greater layer thickness, use a 
value of 6 in. in the formula for t. 
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When adjacent layer s of stabilization and asphaltic 
concrete are used, the cohesiometer value to be used 
with Figure 17 should be equal to the sum of the stand­
ard cohe siometer value for the stabilized layer and the 
modified cohesiometer value of the asphaltic concrete. 
When two adjacent layers of stabilization are used, or 
if a layer of untreated flexible base material exists 
between asphaltic concrete and a stabilized layer only 
the greater of the two cohesiometer values should be 
used in Figure 17. Considerable caution and good 
engineering judgement should be used in selecting co­
hesiometer value s for use in reduction of base depths. 
This is especially true in cases where hot mix-cold 
lay asphaltic concrete is bidas an alternate to hot mix 
asphaltic concrete laid hot. In the case of stabilized 
bases, subbases and subgrades, average values rather 
than 'highest values should be selected for use in Figure 
17. 

4. Either the number of applications of wheel 
loads in excess of 8000 pounds or the data to deter­
mine the 18 Kip Single Axle Load Equivalencies is 
available through the Highway Planning Survey Divi­
sion. 

The load frequency design factor can be obtained 
from the tabulation in Fig. 18 for either set of data, 
preferably from the 18 Kip single axle load equivalent 
data. The depth obtained in Step 3 is then multiplied 
by this factor. 

General Notes 

Wetted stabilized materials taken from the road­
way during construction should be quartered to ap­
proximate specimen size batches and molded. This 
material should not be prepared in accordance with 
Test Method Tex-IOI-E. Where M-D curves are 
desired, material drier than the roadway mix can be 
produced by stirring the material or by drying back 
under a fan while stirring the mix. 

Figure 19 pre sents data which was interpreted 
from good engineering practice supplemented by 
utilizing the AASHO Road Test data and is a suggested 
method for determining the thickness of surface 
courses. 
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When adjacent layer s of stabilization and asphaltic 
concrete are used, the cohesiometer value to be used 
with Figure 17 should be equal to the sum of the stand­
ard cohe siometer value for the stabilized layer and the 
modified cohesiometer value of the asphaltic concrete. 
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between asphaltic concrete and a stabilized layer only 
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asphaltic concrete laid hot. In the case of stabilized 
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4. Either the number of applications of wheel 
loads in excess of 8000 pounds or the data to deter­
mine the 18 Kip Single Axle Load Equivalencies is 
available through the Highway Planning Survey Divi­
sion. 

The load frequency design factor can be obtained 
from the tabulation in Fig. 18 for either set of data, 
preferably from the 18 Kip single axle load equivalent 
data. The depth obtained in Step 3 is then multiplied 
by this factor. 
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Wetted stabilized materials taken from the road­
way during construction should be quartered to ap­
proximate specimen size batches and molded. This 
material should not be prepared in accordance with 
Test Method Tex-IOI-E. Where M-D curves are 
desired, material drier than the roadway mix can be 
produced by stirring the material or by drying back 
under a fan while stirring the mix. 

Figure 19 pre sents data which was interpreted 
from good engineering practice supplemented by 
utilizing the AASHO Road Test data and is a suggested 
method for determining the thickness of surface 
courses. 

- 35 -



Test Method Tex-117-E 

Rev.• June 1964 

ef­ ...... ...­ -".._-. ---I-- I-­ i I -­ I-­ I~ .. _-1--­
! 

-- I-~~ 1---- j--- j-­

+. .......~1---­ f---­

.­

-= 
-+--1-­ .­

-I 
t----'------­

• 

FIl=~Rb s>- S,iR~fj~ 
I _L_ • 

~ -­
AGR~"" 

_. . _. r t -01 
f-··,··-­ -~ ,----­ t-~ 

--­ --,­ ~- j--~--1---1-· 

..... -

1tt~ . ....... 1-­ .. -­ f-.­ .. -- t--­

H±t-tttit I 

~ . t-­ ---­

f.~
! -­

---j-­ .' I-I-­ e-­ ~-- --­

~jFi 
1-- t--­ -

pPE ~o .P 
I--- I-~ --- ­ --'-- --­ -­ ....­ -­ --­

.... 1­ - I Nq. .. s I. -­

tis~ I 
I '''' 

! • B- "_0' f­ ....­ I-­ - . 

I V 
~. ;;;;.. I -L.t--­ ._­ .... - -­ --­

/ 
~- ..­ ..­ f--.. I--~ l­ i-­

.IV__ 
-- f--­ -­- ...... 1--­ ---~ j-- .... -.-­

17 1--­ ... -_. 

"" ..., 
V 1 

!-­ 1 
_ ... .._.c. ___1-­ ...­

• 

-­ --I-­ ........ 1--­ . 

•.._­ I .­ .-­-­ ... .. - --I---­ -­ -­ ....-­ .---1---­

-I 5 15 ~ 

._--­ -­

-­ __ 0­ - l­ i--- -­
~ 

-­ ~--'---~ 

---­-­ -­ -­ I--­ ..._­ -) ­, 
J V.' ~ 

• 
i 

'''' / /v I 
r--­

(fj I0--- '--10:.: •.......­ -­ 1----. -~ .­ - - ~ ---...... 1---­

I 
---­

I I I / I -­ .f--..... ~'-- / .... - _. - fo.~--. ,---­

IS I I 
__f.-I-­

7 

I / V / 1­ •..­ f······~- -

!~ V. -~ ..........= --1 --­

,. / 
I~ I / / I 

1-­-1- t----+-­ l---·-L -­ _.. f-­

I­ tV~-:--I" ~ -1--­ 17 -1--1---­
I 

-_.­

+t­--I ­
I­ W/ / 
.~I II t+-J.­ i­ - -­ 6' ~ t--. 

I,.. f­ 5.~ 

I I I­ II I-­

V V 
.... 

f­ - 4 36 
I / / v ....­

C~~--rl V ~kL 1 
-­

! I-
ii J --rJ 

I'" 
I/, V V/ I 

....

VI/Ih 
··f··· ! - I-­

JVI-V I 
......... ~.--- t-­

j--_. 

II/,~ 
.... ---­

'-Io-¥!I...­ 3 
! ~ f-­

1---t--- -. 1--­

...... j..­

'" c I.b 1.5 2. bI-­ ........ R=i ,5 
--~-

....... 1--­ i I I --­

I 
• % stRh}tf I 

ill -rf=r--j---I-­

t---t-­ tfuW21·I 12 . I 

- 36 ­

Test Method Tex-117-E 

Rev: June 1964 

[f- ...... +: --+-+-4·-+-4--+· -4-+___+-j.~~ ~=~ -'.-.J--+~-+-+------I-+-_~H_---+~=~=~~:~~I I_~, 1' ___ + I_._+-~-+I--__ \- --1---

r---+---+---~I---l--l -+-+-+-+.-+- -+-.-+--+~-+--.. -t---+-. .+--..L--+-.-l----+- !--i--! ........ - f---- -+-·-+~+-I 

r-t-+-'--+-+-+-+-+-t--+-+-+---+-= ' , --I 

- --++-I---+--+---t-I------l·---I·---+s I-RES § ... er Rjf\II~- DIA .~" I ~-~--.. ~.L~I~_ 
1---+--1---+-.+---+-+--,~--1-j \-+ F--- ~ ~'--H-t·- --1·- -. ~-

--1--I--f-.-i .. -.. - -1- -.,-f-- --t-.-\--

f-- --f-.. -I-- ·-1-· 

~tlli±·+-+--j=-..c--+--II_+--+-+--+-+--+--;-+---' 
1---1--____ -+-+--1--- '-______ .... --+---l---+--+--1-+---I--+--I---I- I -- f- '--~ ~PE Cip:er- ~oi'- pieS 

~r-' "~ ....... +.I~-: ..... I----+:~+~I,~:-~:~-+~-!! ____ -~~.-.-... :I.~-:-_-:---\-+ __ ...,.-+ ~---L.j-+I~-.. + .... -_.,-~-+---+-.-illi" =fl' NJ I ,:~ 
t----t-1t--t--+- .... -+--+ +--·+--4- _-+ __ + +_+~.-I __ '---.~+v_ - t-- 1. __ _ v -r-

i 

I I 
4 

f----;---t--+_ +-lI--+-1Hrl 4V+-__ +-1 J kL --+--+-+-+ --+---+--+--11--+-..... 

! 1_ II J P? 
~-+---+--+-" "'-+- I /, V V/ .. f--+-+-+-+--+---r---i-

VI Jlh ! - f--
f--·f···-+---+--+--I---II-JV'" -"Vv7"+--+-+--+----·-+--I--I--t--I--+--+--+---I--!~f--l-- I---I---I--+--+----+-···-·r--- ......... -... - t--

f--·+-+--+--+--II-#-I 1/~c.u·j --i-I---I--+---+---!--+--++---\----\--·+-+--I--+--+-----I--I --+-I---+-"---I ----I-- . ~ 

--+--+-i +---II~ 1/, --t--l~-FI--=:::!-.-+- I--+-+--+--+~+-+-+-+ J._--,-_+ __ +--I-_1..L.~3_+ __ t--t-- - Q-P- 1---

! ''''' ~j..-f--



T
e
s
t 

M
eth

o
d

 
T

e
x

-1
1

7
-E

 

R
ev

: 
J u

n
e 

19
6

4
 

-
f
~
i
-

~..... 
.....­

I
-
­

I 
I-­

~
 .-­

:I: 
" 

I~ 6 L~
i ,..; 

"~ Ulf<.. 
Z

 
f
-
-

;-­

_
.­

.---­
-

1---­
e-c~~ 

1
--

j. •
•
. 

"
~
"
"
.
 

-.. f-... 
::> 

(/)T
(J 

-
~

.----­
_

. 
I-­

I
­

I 
........­

i-

I
­

-
I--,.j.­

-
r
-

CD
l
-
­

t--- ....
I 

V
 

I 
0 

I 
v-: V

 
-

-
! 

I
-
­

... 
f-

­
...­... 

.
­V

 
f­

---­
V

V
 
~-

.
-
i
-
­

-
~
.
-

r-­
... 1

--­
....-

f-­
1

--
j
.
­

--·f--­
.
­

-
---. 

1 
••......... 

/ 
f-

-
­

-
-

. 
.
-
-
~
 

" 

t 

/ 

5
-

....... Lt­
-
­

-
-

. 
.. -

1
--­

fl 
I 

--_. -....­
.. 

--
...... 

.­
. __ . ~

-
-
~
 v 
~
 

v
._

 
•..... 

1
-
-
1

-
-
-
,-

­
f···· ......... 

/
"
 

f.-. i-
' 

. 
, .. _.. 

--r-' 
/
f
 

.......... ~
~
-
-
-
-

f-
·-1

--­
·1

---­

/
' 

0 
-,... 

c-i 
/ 

~
 

0.: 1 

.­
--­

:IE 
I 

v­
~
 =t'j

-
­

... 

i_~ 
,,--<

 
f
~r\ 

t 
I 

-
­

f----f
­

, 
'"

 
~
 1-

-­

-
-
­

-
-

f
-
­

--­
~
.
-
.
 

il 
.
.
 
.
­

"
"
p

 
-

r-' -
~
.
 

~
 

~
 

_
.
.
 

V
 

In;;. 
I
~

--. 
-­

-
-
_

.. 
.......... 

........ 
f-­

0
-
-
­

;::; 
/ 

V
 

0 
I-

m
 

\ 
/ 

* 
ex) 

I"" 
... 

._+
­

:::I 
......... 

C
/) 

'\ 
I 

.......­.. 1 
_

.
­

_. f 
.. 

1...1. 
;;J 

u: 
0:::: f

­
-­

-­
.
.
 

-
...... 
~
.
 

/ 
I······· f

-
­

i
.
­

-
L 

c--------I
-
I
~

1
--­

. _­
............ .. '--' 

0 
~
 

1\ 
/ 

~
.. 

--­
:IE 

-.-.
~
-
-

..­

\ 
........... / 

. 
( 

....... 
.
­

-
­

---­
'\. 

0 
Z

 
'\ 

f 
I 

w
 

-
­

~
t\. 

lID
 

i­
t 

.
1

-­
. -­

t---
1

---" 
'\ 

\ 
V

 
.... 

/
'

.. 

• 

.......... ........... 1'1 \ 
. r7

I
I---

r ._-.+......... 
-

"1\ .... +
 

.... 
_.-

t-
.. 1­

\ 
/ 

n 

~
 \ 

I 

11.­
k
'

I--" 
<:t'

I 

tl 
._._­

~
 

._
+

-
1

--­
-··V 

r
­

.. _-­
t .. 

1
-­

~
t'--­

/: 
................ I

·
 

I 

~
 "

-rt-­
1--­

~
~
 

-
,-

­
'0

 

~
 '"+-l 

C
\I 

~
t-.......,. 

1
-' 

~
 

I 
"'r-.. 

t--l
-

I 
I 

--. 
r"'"t"-tr=

-­
---.----­

._­
._-1

-. 

"
I\. 

"
-
-
«

'"
 

<ttl 
d) 

(D 
(I> 

-
1

--. 
I 

! 

a
I

'liS 
S~":l ~

 
S 

cJ~e-. s
, 

'..;J
 

............ 
...._..­

-
~

..... 

I 

-
3

7
 

­

i DIll-- i 
: i 

, 
I-- ,--

, ------

i 
~ '--

-+ tl~ ----t--------l---+--------I--:-+-+-+-+--+----il 
--I --- + __ l-----i----+--+-+i -+~+ I 

I I ! 

! 

1-----------+--

-------1--
! i 

i i , I 

I 
! I -----+----t--

i i I 

I I I 

MOtHRj'S I 
i 

t-- -
I , 

t----

-1! ,--+--+1 --+--+-----i T-+: -+1 -+-+-11 -+-/~I~--+------+-f + -t--+-+-+--+--+-+--+---+--+-+-+-+-t--f------j--J 

I I: I y I 
I : I 1/1:7! I I I I : I : : 

I : , 
! i 

I 
I 

I I ! 
I 

I 
I 
j 

I I 

i I:Am:----- 11: I I I V I : 
I V I I r- - -+-: --'-I--+---+----+---+--+---i 

---r t - I-- I--~ +--' -+-+!---t----+-----t---+-----.-----+--+-+--__+___+__ 
,/V ! I I I 

-+~~+-~-+~~~+~-'~1~'~~1=: i k '-+-~:-+-~i-+I-r+-~-+--
/,/1 I I -I I : ~~---;---: -i--; -t-----+------li---+------J-----+

1

-

i I : --
I 

i I 
I I 

I 

I 
I , I 

I , 
I 
i 

+--+-+:--+--I--!' -+- /~ ~ '~ __ ~ I : 1'" j 
I ! 

~/ " ~ : I! ' '\. 

I I I 

I I I 

I I I ! I I ! 



i 

'1"" i . If I 1/ 
-~ -rl- CLASS i GEr;ER-"~ -~I-~+- i / ""­ - - ~t"-l"=--~ 

tyr~'. DESC,rfFiTI Ni-c---+-­ ,~ _ R'"~~I'-~~"-_"i~""_-_"t---t--r-"t"""~I~---'---f- iMAi' '­ of MATERI J..""" -"­ -"- t--­ ~"---l---1-"~" +--+--+ l­

. I GOOC Fl EXI LE i :
--t-Ir--~"l---+---4--t'--+ liAS! M rriALf----i- -I~+ """"""­ f- I /! ""--t --+""-- • -" 

: ,~ D 

1-­ - t-~" I "~~" 

- 38 ­

Test Method Tex-117-E 

- 38 -



___ ___ 

Test Method Tex-117-E 

TRIAXIAL TEST SUMMARY SHEET Rev: June 1964 

TABLE NO._ 

Lab No. ______County_______ Highwoy____Project_____ 

Material ________________ ldentification__________ 

Description _______________________________ 

Opt. Moist. ____Opt. Dry Density ____at Compo Effort____ft.-Ibs./cu. in. 


Mold i ng Da ta Cur i ng....:D:::..;a=-t:....:o=--- ---,Test i ng -=D,.,o:...;t'-=o=---_...--__---, -, 


I I CJ :~::~ CoInte~tfter Applied IUltimate

I Water Moisture Drying Capi Ilary Latera I Compressive Percent Percent 
Specimen Percent Dry Densityl Time Percent Dry Absorption Pressure Strength Strain at Volumetric 

No. Dry Weight Lbs.lpu.Ft. Days Weight % Dry wt. PSI PSI UltImate Swell 

lS;--+----+--+----+----+--------+----------+------l 

Figure 15 
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Mold i ng Da ta Cur i ng....:D:::..;a=-t:....:o=---___ ---,Test i ng -=D,.,o:...;t'-=o=---_...--__ ---, ___ -, 

I I CJ :~::~ Co Inte~tfter Applied I Ultimate 

I Water Moisture Drying Capi Ilary Latera I Compressive Percent Percent 
Specimen Percent Dry Densityl Time Percent Dry Absorption Pressure Strength Strain at Volumetric 

No. Dry Weight Lbs.lpu.Ft. Days Weight % Dry wt. PSI PSI UltImate Swell 

lS;--+----+--+----+----+--------+----------+------l 
Figure 15 
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Test Method Tex-117-E 

Rev: June 1964 

CRITERIA FOR OBTAINING THE LOAD-FREQUENCY DESIGN FACTOR 

Number of Applications of Wheel Loads Total Equivalent Load 
in Exce ss of 8000 Pounds 18 Kip Single Axle Frequency 

Load Applications 
Total Estimated Approximate Daily 
During Design Applications for a Design 

Life 25 Year Design Life Factor* 

10,000 1 14,000 0.65 

18,000 2 25,000 0.70 

30,000 3 38,000 0.75 

56,00'0 6 61,000 0.80 

100,000 11 100,000 0.85 

175,000 19 150,000 0.90 

300,000 33 250,000 0.95 

550,000 60 400,000 1. 00 

1,000,000 110 600,000 1. 05 

1,700,000 186 1,000,000 1. 10 

3,000,000 330 1,500,000 1. 15 

5,200,000 570 2,500,000 1. 20 

10,000,000 1100 4,000,000 1. 25 

30,000,000 3300 10,000,000 1. 35 

*A load-frequency de sign factor Ie ss than 1. 0 shall not be used for the 
design of the main lanes of a controlled access highway. 

Figure 18 
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CRITERIA FOR OBTAINING THE LOAD-FREQUENCY DESIGN FACTOR 
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Test Method Tex-117-E 

Rev: June 1964 

SUGGESTED THICKNESSES OF SURFACE COURSES 

INCHES 


Total Equivalent When Tests Show Materials to be 
18 Kip Single Axle Specifications Grades* of Base Materials Item 248 
Load Applications 

Grade 1 Grade 2 Grade 3** 

14,000 ST 	 ST ST 

25,000 ST 	 ST ST 

38,000 ST 	 ST ST 

61,000 ST 

100,000 ST 

150,000 ST 

250,000 1-1/4 

400,000 1-1/2 

600,000 1-3/4 

ST 1-1/2 

1-1/2 2 

1-3/4 2-1/2 

2 3 

2-1/4 3-1/2 

2-1/2 4 

1,000,000 2 3 4-1/2 

1,500,000 2-1/2 3-1/2 5 

2,500,000 3 4 5-1/2 

4,000,000 3-1/2 4-1/2 6 

10,000,000 4-1/2 5-1/2 7 

Not recommended 
for use except 
where availability 
of better base 
materials is very 
expensive. 

* It is assumed that the material in question is no better than the grade shown. 
** Exclusive of Cohesion1ess Materials. 

Notes: 	ST denotes surface treatments. 
Stage construction of surfacing permitted if traffic studies indicate 
slow development of axle load equivalencies. 

Figure 19 
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SUGGESTED THICKNESSES OF SURFACE COURSES 
INCHES 

Total Equivalent When Tests Show Materials to be 
18 Kip Single Axle Specifications Grades* of Base Materials 
Load Applications 

Grade 1 Grade 2 Grade 3** 

14,000 ST ST ST 

25,000 ST ST ST 

38,000 ST ST ST 

61,000 ST ST 1-1/2 

100,000 ST 1-1/2 2 

150,000 ST 1-3/4 2-1/2 

250,000 1-1/4 2 3 

400,000 1-1/2 2-1/4 3-1/2 

600,000 1-3/4 2-1/2 4 

1,000,000 2 3 4-1/2 

1,500,000 2-1/2 3-1/2 5 

2,500,000 3 4 5-1/2 

4,000,000 3-1/2 4-1/2 6 

10,000,000 4-1/2 5-1/2 7 

Item 248 

Not recommended 
for use except 
where availability 
of better base 
materials is very 
expensive. 

* It is assumed that the material in question is no better than the grade shown. 
** Exclusive of Cohesion1ess Materials. 

Notes: ST denotes surface treatments. 
Stage construction of surfacing permitted if traffic studies indicate 
slow development of axle load equivalencies. 
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-------------------------- ----------
----------------------------- -------------------

--------------------------------------------------------------------------

-----------------------------

-------------------------------------------------------------------------

------------------------------------------------------------

--------------------- ----------

Form lo84R Rev. 2-69 

Date November 3; 1972 

RECOMMENDED CHANGE IN ROAD LOAD ZONING 

Highway No. F .M. 3149 County McLennan District 9 

Control and Section 3234-1 Length, Miles 7.54 

Limits Jct. F.M. 1858 to Jct. F.M. 2311 

Current Load Restrictions None 
------~------------------------------------------------

Minute Order Number 


Recommended Load Zoning~____5_8~;_4_2_0__l_b~s_.~g~r_o~s~s~___________________________________ 


Remarks 

Will this Load Zoning affect haul roads for Noscheduled Highway construction projects? 

(If "Yes!!, Explain:) 

Engineering Data: 

Pavement Type One course surface treatment Pavement Width 20' 
(Bo~s~q~u~e~)-------------

Crown Width 30' Base Type and Thickness Flex Base (Gravel) 8" 
From approx. ~ mi. W. of I.H. 35 to F.M. 1858: (1) 

Description of Subgrade Soil Axtell and Irving Sandy loams 

Triaxial Classification of Subgrade Soil (1) Class 4.0 (2) Class 5.2 
~~~----------------~~---------------

Avg. 10 Heaviest Daily Wheel Load Traffic (V.P.D.) 

Completed (Date) July 1972 Present Condition New 
~----------------------------

(2) From ~ mi. W. of I.H. 35, East to F.M. 2311: 

Wilson and Burleson clays 
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Form lo84R Rev. 2-69 

Date November 3; 1972 

RECOMMENDED CHANGE IN ROAD LOAD ZONING 

Highway No. F .M. 3149 County McLennan District 9 -------------------------- ----------
Control and Section 3234-1 Length, Miles ----------------------------- -------------------7.54 

Limits Jct. F.M. 1858 to Jct. F.M. 2311 --------------------------------------------------------------------------

Current Load Restrictions None 
------~------------------------------------------------

Minute Order Number -----------------------------
Recommended Load Zoning~ ____ 5_8~;_4_2_0 __ l_b~s_.~g~r_o~s~s~ ________________________________ ___ 

Remarks -------------------------------------------------------------------------

Will this Load Zoning affect haul roads for 
scheduled Highway construction projects? No 

(If "Yes!!, Explain:) ------------------------------------------------------------

Engineering Data: 

Pavement Type One course surface treatment Pavement Width 20' 
(Bo~s~q~u~e~)-------------

Crown Width 30' Base Type and Thickness Flex Base (Gravel) 8" 
From approx. ~ mi. W. of I.H. 35 to F.M. 1858: (1) 

Description of Sub grade Soil Axtell and Irving Sandy loams 

Triaxial Classification of Subgrade Soil (1) Class 4.0 (2) Class 5.2 
~~~----------------~~---------------

Avg. 10 Heaviest Daily Wheel Load Traffic (V.P.D.) --------------------- ----------
Completed (Date) July 1972 Present Condition New 

~----------------------------
(2) From ~ mi. W. of I.H. 35, East to F.M. 2311: 

Wilson and Burleson clays 
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