
CLASSIFICATION SYSTEM FOR EXCAVATING
CALICHE IN TUCSON, ARIZONA.

Item Type text; Thesis-Reproduction (electronic)

Authors Almasmoum, Ali Ahmed.

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 21:03:24

Link to Item http://hdl.handle.net/10150/275298

http://hdl.handle.net/10150/275298


INFORMATION TO USERS 

This reproduction was made from a copy of a document sent to us for microfilming. 

While the most advanced technology has been used to photograph and reproduce 
this document, the quality of the reproduction is heavily dependent upon the 

quality of the material submitted. 

The following explanation of techniques is provided to help clarify markings or 
notations which may appear on this reproduction. 

1.The sign or "target" for pages apparently lacking from the document 

photographed is "Missing Page(s)". If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. This 
may have necessitated cutting through an image and duplicating adjacent pages 
to assure complete continuity. 

2. When an image on the film is obliterated with a round black mark, it is an 
indication of either blurred copy because of movement during exposure, 
duplicate copy, or copyrighted materials that should not have been filmed. For 
blurred pages, a good image of the page can be found in the adjacent frame. If 
copyrighted materials were deleted, a target note will appear listing the pages in 

the adjacent frame. 

3. When a map, drawing or chart, etc., is part of the material being photographed, 

a definite method of "sectioning" the material has been followed. It is 

customary to begin filming at the upper left hand corner of a large sheet and to 
continue from left to right in equal sections with small overlaps. If necessary, 

sectioning is continued again—beginning below the first row and continuing on 
until complete. 

4. For illustrations that cannot be satisfactorily reproduced by xerographic 
means, photographic prints can be purchased at additional cost and inserted 

into your xerographic copy. These prints are available upon request from the 
Dissertations Customer Services Department. 

5. Some pages in any document may have indistinct print. In all cases the best 
available copy has been filmed. 

Uni 

International 
300 N. Zeeb Road 
Ann Arbor, Ml 48106 





1325558 

Almasmoum, Ali Ahmed 

CLASSIFICATION SYSTEM FOR EXCAVATING CALICHE IN TUCSON, 
ARIZONA 

The University of Arizona M.S. 1985 

University 
Microfilms 

International 300 N. Zeeb Road, Ann Arbor, Ml 48106 





PLEASE NOTE: 

In all cases this material has been filmed in the best possible way from the available copy. 
Problems encountered with this document have been identified here with a check mark V . 

1. Glossy photographs or pages ^ 

2. Colored illustrations, paper or print 

3. Photographs with dark background ^ 

4. Illustrations are poor copy 

5. Pages with black marks, not original copy 

6. Print shows through as there is text on both sides of page 

7. Indistinct, broken or small print on several pages 

8. Print exceeds margin requirements 

9. Tightly bound copy with print lost in spine 

10. Computer printout pages with indistinct print 

11. Page(s) lacking when material received, and not available from school or 
author. 

12. Page(s) seem to be missing in numbering only as text follows. 

13. Two pages numbered . Text follows. 

14. Curling and wrinkled pages 

15. Dissertation contains pages with print at a slant, filmed as received ^ 

16. Other 

University 
Microfilms 

International 





CLASSIFICATION SYSTEM FOR EXCAVATING CALICHE 

IN TUCSON. ARIZONA 

by 

Al i  Ahmed Almasmoum 

A Thesis Submitted to the Faculty of the 

DEPARTMENT OF CIVIL ENGINEERING 

In Part ial  Fulf i l lment of the Requirements 
For the degree of 

MASTER OF SCIENCE 

In the Graduate Col lege 

THE UNIVERSITY OF ARIZONA 

19 8 5 



STATEMENT BY AUTHOR 

This thesis has been submitted in part ial  ful f i lment of 
requirements for an advanced degree at The Universi ty of Arizona and 
is deposited in the Universi ty Library to be made avai lable to 
borrowers under rules of the Library. 

Brief quotat ions from this thesis are al lowable without 
special  permission, provided that accurate acknowledgment of  source 
is made. Requests for permission for extended quotat ion from or 
reproduct ion of this manuscript in whole or part  may be granted by 
the head of the major department or the Dean of the Graduate Col lege 
when in his or her judgment the proposed use of the material  is in 
the intersts of scholarship. In al l  other instances, however, 
permission must be obtained from the author.  

SIGNED: 

APPROVAL BY THESIS DIRECTOR 

This thesis has been approved on the date shown below: 

Associate Professor of 

£ / f i r  

enng 



ACKNOWLEDGMENTS 

In the Name of Al lah 

The Merci ful  

The Compasionate 

I  wish to express my deepest and sincerest grat i tude to my 

thesis director,  Dr.  Edward A. Nowatzki ,  for his invaluable guidance, 

pat ience, and f r iendship during the course of this study and in the 

preparat ion of this manuscript.  I  also wish to express my deep 

appreciat ion to al l  my committee members, Dr.  R. M. Richard, and Dr.  

J.  S. DeNatale for their  assistance and their  part ic ipat ion on the 

examining committee. I  would l ike to thank Dr. D. J.  A. Van Zyl  for 

his valuable suggest ion in choosing the general topic of the 

research. 

Special  thanks to my parents, and my wife for al l  their  

invaluable aid in this study, my two daughters, Hind and Heba and my 

best f r iends in America, Hi lmer and Sarah Oordt.  Thanks to al l  the 

fr iends who helped me. 

Grat i tude is expressed to my government,  the Kingdom of Saudi 

Arabia, for support dur ing this study. 

i i i  



TABLE OF CONTENTS 

Page 

LIST OF TABLES vi  

LIST OF ILLUSTRATIONS v i i i  

ABSTRACT x i  

CHAPTER 

1.  INTRODUCTION 1 

1.1. Background 1 
1.2. Statement of  the Problem 2 
1.3. Object ives 3  

1.4. Scope of Work 3 
1.5. Li terature Review 4 

1.5.1. Mode of  Deposit ion 5 
1.5.2. Physical Character izat ion .7 
1.5.3. Physiographic Relat ions 9 
1.5.4. Cementat ion 12 
1.5.5. Relat ion to Rainfal l  13 
1.5.6. Age Determinat ion 13 

2. EXPERIMENTAL INVESTIGATION 16 

2.1. General Descript ion of the Site 16 
2.2. Sampling Procedure 16 
2.3 Laboratory Test ing Program 18 

2.3.1. Specif ic Gravity of Sol ids 18 
2.3.2. Moisture Content 21 
2.3.3. Calcium Carbonate Content 21 
2.3.4. Unconfined Compressive Strength 21 
2.3.5. Communit ion Test ing 2? 
2.3.6. Sieve Analysis of 

Comminuted Sample 29 
2.3.7. Seismic Veloci ty 29 
2.3.8. Point Load Test 31 

3. RESULTS AND DISCUSSION 34 

3.1. Construct ion Site Survey 36 

i v  



V 

TABLE OF CONTENTS--Continued 

Page 

3.2. Comri inut ion Under Control led 
Energy Input 36 

3.3. Point-Load Test 46 
3.4. Seismic Veloci ty 48 
3.5. Calcium Carbonate Determinat ion 48 
3.6 Unconfined Compression Test ing 55 
3.7. Relat ionship Retween Point-Load 

Strength, Seismic Veloci ty and 
Uniformity Coeff ic ient 55 

3.8. Example of  Using the Method 57 

4. CONCLUSIONS AND RECOMMENDATIONS 61 

4.1. Conclusions 61 
4.2. Recommendations 62 

APPENDIX A: DIFFERENT SAMPLES OF CALICHE 63 

APPENDIX B: START-UP PROCEDURE FOR OPERATING 
THE JAMES V-SCOPE MODEL C-4960 68 

APPENDIX C: EQUIPMENT INFORMATION CHARTS 72 

APPENDIX D: QUESTIONNAIR FOR CONSTRUCTION 
SITES SURVEY 77 

APPENDIX E: RESULTS OF SIEVE SAMPLES 86 

APPENDIX F: GRAIN SIZE DISTRIBUTION 
CURVES FOR SAMPLES 96 

REFERENCES 1°6  



LIST OF TABLES 

Table Page 

1. Sample locat ion and physical 
character ist ics 19 

2. Results of Construct ion 
s i te survey 37 

3. Relat ion between energy input 
and coeff ic ient of uniformity 
for Sample No. 3-4 40 

4. Volume and number of  blows required 

to apply 130,000 lb-f t / f t^ for 
selected cal iche sample 42 

5. Resulst of  seive sample 2-3 44 

6. Uniformity coeff ic ient fol lowing 

communitavie at 130.000 f t - lb/ f t^ 45 

7. Point- load test results 47 

8. Seismic veloci ty results 49 

9. Calcium cartonate content results 51 

10. CaCog content and point- load 

strengths for selected samples 54 

11. Unconf ined compressive strength 56 

12. Relat ionship between point- load 
strength, uniformity coeff ic ient 
and seismic veloci ty 58 

E.l Results of seive sample 1-2 87 

E.2. Results of seive sample 1-5 88 

E.3. Results of sieve sample 2-2 89 

E.4 Results of sieve sample 3-1 90 

v i  



v i  i  

LIST OF TABLES--Continued 

Table pa?P 

E.5. Results of sieve sample 3-5 91 

E.6. Result  of  s ieve sample 4-1 9? 

E.7. Result  of  sieve sample 4-4 93 

E.8. Result  of  sieve sample 5-2 94 

E.9. Result  of  sieve sample 5-5 95 



LIST OF ILLUSTRATIONS 

Figure Page 

1. Physiographic units of the 
Tucson Area and locat ion of 
samples (after Smith 1930) 10 

2 Cal iche mater ial  few feet below 
the ground surface Locat ion 1 17 

3. Cal iche material  near the ground 
surface a few inches thick 
Locat ion 3 17 

4. Versa-Tests machine for determinat ion 
Unconfined Compression Strength 23 

5.  Determinat ion of the volume for 
cal iche sample by displacement 
method 25  

6. Energy per uni t  volume vs. volume 
for varying number of  blows del ivered 
by standard ASTM D-698 procedure 27  

7. Comminut ion test ing machine (Soi l  
Test Inc.,  Automatic Tamper, 
Model No. 622-E) 28 

8. James V-Scope for measuring 
seismic veloci ty 30 

9. Point Load Tester for measuring 
point- load strength 33 

10. Relat ion between energy input and 
coeff ic ient of uniformity for 
Sample No. 3-4 39 

11. Grain size distr ibut ion curve 
for Sample 2-3 after comminut ion 

at 130,000 1 b-f t / f t3  43 

12. Grain size distr ibut ion curve 
for Sample 2-4 52 

v i i i  



i  x 

LIST OF ILLUSTRAT IOKS —C ont inupD 

Figure Pane 

13. Grain size distr ibut ion curve 
for Sample 2-1 53 

14. Seismic veloci ty vs. point- load 
strength 59 

15. Seismich veloci ty vs. uniformity 
coeff ic ient 60 

A- l .  Cal iche Sample Number 1-3 
from Locat ion 1 64 

A-2. Cal iche Sample Number 2-1 
from Locat ion 2 64 

A-3. Cal iche Sample Number 3-2 
from Locat ion 3 65 

A-4. Cal iche Sample Number 3-5 
from Locat ion 3 65 

A-5. Cal iche Sample Number 4-2 
from Locat ion 4 66 

A-6. Cal iche Sample Number 4-5 
from Locat ion 4 66 

A-7. Cal iche Sample Number 5-3 
from Locat ion 5 67 

A-8 Cal iche Sample Number 5-5 
from Locat ion 5 67 

C-l .  Rappabi l i ty Chart for CAT D7G 
Caterpi l ler Tractor Co.,  1982 73 

C-2. Rappabi l i ty Chart for CAT D8L 
Caterpi l ler Tractor Co..  1982 74 

C-3. Rappabi l i ty Chart for CAT D9L 
Caterpi l ler Tractor Co.,  1982 75 



X 

LIST OF ILLUSTRATIONS—Continued 

Figure Pagp 

C-4. Rappabi l i ty Chart for CAT D10 
Caterpi l ler Tractor Co.,  1982 76 

F- l .  Grain size distr ibut ion for 
Sample Number 1-2 after comminut ion 

at 130,000 1 b-f t / f t3  97 

F-2. Grain size distr ibut ion curve 
for Sample Number 1-5 after 

comminut ion at  130,000 1 b-f t / f t  98 

F-3. Grain size distr ibut ion curve 
for sample Number 2-2 after 

comminut ion at 130,000 1 b-f t / f t^ 99 

F-4. Grain size distr ibut ion curve for 
Sample Number 3-1 after comminut ion 

at 130,000 1 b-f t / f t3  100 

F-5. Grain size distr ibut ion curve for 
Sample Number 3-5 after comminut ion 

at 130,000 1 b-f t / f t3  101 

F-6. Grain size distr ibut ion curve for 
Sample Number 4-1 after comminut ion 

at 130,000 1 b-f t / f t3  1 0 2  

F-7. Grain size distr ibut ion curve for 
Sample Number 4-4 after comminut ion 

at 130,000 1 b-f t / f t3  103 

F-8. Grain size distr ibut ion curve for 
Sample Number 5-2 after comminut ion 

at 130,000 1 b-f t / f t3  104 

F-9. Grain size distr ibut ion curve for 
Sample Number 5-5 after comminut ion 

at 130,000 1 b-f t / f t3  105 



ABSTRACT 

Tucson is underlain by cal iche to a considerable depth. 

Excavat ion in such areas for construct ion purposes nay be di f f icul t  

unless proper machinery is used. A method has been developed for 

determining the qual i ty of cal iche and select ing opt imal excavat ion 

machi nery. 

Large f ie ld samples which were col lected from di f ferent parts 

of the ci ty were broken into three pieces of approximately equal 

s ize. Point- load tests, comminut ion tests,  and seismic veloci ty 

tests were performed on the pieces giving point- load strength, the 

uniformity coeff ic ient,  and the seismic veloci ty,  respect ively,  for 

each sample. The three parameters were correlated using l inear 

regression. 

By determining ei ther uniformity coeff ic ient or point- load 

strength, the seismic veloci ty of the cal iche can be indirect ly 

est imated. Proper machinery can then be assigned with the help of 

the Caterpi l lar Equipment charts once the seismic veloci ty of the 

material  to be excavated is known. 

x i  



CHAPTER 1 

INTRODUCTION 

The term cal iche cones from the Lat in c laix,  meaning l ine or 

l imestone. Corominas (1954) suggests that the term cal iche is also 

from the Spanish cal izu which, as an adject ive, refers to l ine-r ich 

rocks. In the United States, part icular ly in the Southwest,  cal iche 

refers to a hard, more or less massive carbonate layer,  on or near 

the surface of the ground. There is general ly a laminated, dense 

indurated cap at the top of the cal iche prof i le.  The term cal iche as 

used in this research shal l  include both the indurated cap and the 

underlying cenented mater ial .  

In the Tucson area, cal iche is present in many places at or 

near the surface of the ground. Since i t  is a hard layer that is 

often not amenable to excavat ion by convent ional means such as 

backhoe or dozer,  i ts presence at a construct ion si te increases the 

cost of excavat ion. Therefore a knowledge of the areal distr ibut ion 

of cal iche and the di f f icul ty of excavat ing i t  would be of value to 

professionals in est imating excavat ion costs and assigning proper 

equipment.  

1.1. Background 

Most of  the soi ls in the Tucson area are underlain by 

calcareous soi l  horizons which are usual ly a few feet below the 

exist ing ground surface (Young, 1931). These calcareous soi l  

1 
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horizons may also be exposed at the ground surface or may exist  at a 

considerable depth. The deposits are commonly referred to as 

cal i  che. 

In some areas the cal iche soi l  horizons are many feet thick 

and in others only a few inches thick. The qual i ty of cal iche also 

varies from f inely disseminated calcium carbonate in the soi l  to 

dense indurated material  of  considerable strength. 

The formation of cal iche is brought about by the solut ion, 

transportat ion, and precipi tat ion of calcium carbonate. The 

percentage of calcium carbonate in the soi l  var ies widely.  I t  

usual ly occurs in irregular layers. I t  is often cont inuous over many 

acres and conforms roughly to the contour of  the land. However, i t  

may also occur in ioslated pockets. Cal iche occurs only where there 

has been a supply of calcium carbonate in a solut ion of carbonated 

water,  and where the drainage is not suff ic ient or rapid enough to 

remove the water before evaporat ion occurs. Although the calcium 

carbonate is pr imari ly derived from paleozoic l imestones, i t  may also 

be derived from ingenous rock, or from the soi l  i tsel f .  

1.2. Statement of  the Problem 

Almost a l l  c iv i l  engineering projects deal with some kind of 

excavat ion or f i l l ing during construct ion. Depending upon the f ie ld 

condit ions, the excavat ion work may be very di f f icul t  unless proper 

machinary is used. Costs may also vary great ly depending upon 

subsurface condit ions. Since cal iche is often relat ively di f f icul t  
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to excavate, economical excavat ion and manipulat ion is required. Ry 

select ing the proper equipment a very s ignif icant amount of  t ime and 

money can be saved. 

1.3. Object ives 

The pr imary object ive of the research was to develop a method 

whereby the qual i ty of cal iche can be easi ly determined and the 

machinery best sui ted for i ts excavat ion can be selected with mini  nun 

cost.  

1.4. Scope of Work 

The experimental  work performed as part  of this study 

consisted of col lect ing samples from the f ie ld and then test ing these 

in the laboratory. Samples were col lected from di f ferent parts of 

the City of Tucson, part icular ly from places where some engineering 

construct ion was in progress. A f ie ld survey was conducted at each 

of the si tes where samples were taken in order to obtain data 

pertaining to excavat ion in cal iche. These data were used to help 

classi fy the cal iche with respect to ease of excavat ion, thickness of 

deposit ,  hardness, etc.  These data and their  interpretat ion were 

supplemented by a detai led laboratory invest igat ion. 

In general,  the research was conducted as fol lows. Large 

samples from the f ie ld were broken into smal ler samples approximately 

64 in^ in volume. One such smal ler sample was used for point load 

tests from which the point load strength (P-j)  was determined. 
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Another sample was used to f ind the seismic veloci ty (Vs) .  A th ird 

piece was used for comminut ion test ing; however, pr ior to test ing i ts 

volume was accurately determined by a water displacement method. The 

comminut ion tests were done by dropping a known weight from a 

standard height a given number of  t imes unt i l  a specif ied energy per 

uni t  volume of cal iche had been reached. The comminuted mater ial  was 

then sieved and the uniformity coeff ic ient (U = D60/D10) 

determined. Point load strength and uniformity coeff ic ient were then 

correlated with seismic veloci ty.  The test results were presented in 

the form of graphs having uniformity coeff ic ient or point load 

strength on one axis and seismic veloci ty on the other.  The results 

of this invest igat ion were then used to character ize cal iche. 

1.5. Li terature Review 

Most of  the work on cal iche, part icular ly i ts distr ibut ion in 

the United States, is reported in the Soi l  Survey Series publ ished by 

the Department of  Agricul ture. According to these reports,  cal iche 

occurs in the Ogal lala formation in the High Plain Province from 

Nebraska to Texas, through New Mexico, Arizona, Utah, Nevada and as 

far as Eastern Washington. The geology of cal iche deposits in 

Arizona is not much di f ferent from that elsewhere. A faw of the more 

important contr ibut ions are discussed here to show the simi lar i t ies 

and dissimi lar i t ies with respect to:  mode of deposit ion, physical 

character izat ion, physiographic relat ions, cementat ion, relat ion to 

rainfal l ,  and age determinat ion. 



1.5.1. Mode of Deposit ion 

Each invest igator  work ing wi th  ca l iche has h is  own v iew on 

i ts or igin. Bretz and Horberg (1949) compiled a l ist  of the better 

known contemporary theories of cal iche formation under considerat ion. 

The fol lowing is a synopsis of that l ist :  

a. Deposit ion of the calcium carbonate in extensive shal low lakes by 

algae and inorganic processes as proposed for the Ogal lala 

caprock by El ias (1931. 1948). 

b.  Deposit ion of calcium carbonate Tn smal l  disconnected lakes and 

ponds by physical and/or organic processes (Frye, 1945: Vinson, 

1916; Gri f f in,  1920). 

c.  Deposit ion of calcium carbonate along streams, especial ly 

intermit tent streams by physical and/or organic processes 

(Trowbridge, 1926; Mi l ler,  1937; Pr ice. El ias and Frye, 1946). 

d.  Deposit ion of calcium carbonate by r is ing artesian waters, ei ther 

at the water table or at the surface (Blake. 1901; Smith, 1938). 

e.  Deposit ion of calcium carbonate by capi l lary r ise of water from 

the watertable, especial ly under condit ions of high water table 

(Lee, 1905), or a r is ing water table brought about by 

aggradat ion. 

f .  Various combinat ions of the above (Lee. 1905; Trowbridge, 1926, 

Breazeale and Smith, 1930; Pr ice, El ias and Frye, 1946). 

Breazeale and Smith (1930) drew the fol lowing conclusions 

about cal iche formation in Arizona: 



a. Cal iche, wherever found in Arizona, was formed by solut ion, 

transportat ion and precipi tat ion of calcium carbonate. 

b.  Water,  when charged with carbon dioxide, dissolves calcium 

carbonate and forms calcium bicarbonate. The calcium bicarbonate 

is carr ied in solut ion and is precipi tated as calcium carbonate, 

or cal iche, when the water is evaporated or when there is a 

decrease in pressure which dr ives off  COg. 

c.  Cal iche strata may be formed beneath the surface of a soi l  ei ther 

by the evaporat ion of descending surface water,  or by the 

evaporat ion of ascending groundwater.  

d.  Cal iche may be formed in a soi l  by means of plant roots. Plants 

growing upon the surface absorb soi l  water for transpirat ion. The 

calcium carbonate that is dissolved in the water solut ion is 

precipi tated as cal iche. 

e. As long as they are permeable to water,  cal iche strata wi l l  move 

downward in a soi l  as fast as erosion removes the upper soi l  

surface. 

f .  Cal iche is probably formed upon the surface of a soi l  by the 

evaporat ion of surface or f lood water.  The formation under such 

condit ions is hastened by the presence of algae and other water 

pi  ants. 

Blank and Tynes, (1965) c i te instances of " in place" 

transformation of carbonates into a soft  or spongy cal iche. This 

transformation apparent ly results in an increase in volume and is 
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often associated with local,  snai l ,  of ten very t ight folds near the 

surface of the type described by Price (1925). Jennings and Sweeting 

(1961) discuss simi lar occurrences of cal iche in Western Austral ia.  

1.5.2. Physical Character izat ion 

Some invest igators have classi f ied cal iche on the basis of 

physical character ist ics, pr imari ly the hardness of the dense 

indurated cap the cal iche prof i le.  

Price (1933) has related hardness to maturi ty of the cal iche 

prof i le in his classi f icat ion as fol lows: 

Young Cal iche: incipient and young accumulat ions of soi l  l ime 

in the form of grains, f lakes, nodules, i r regular aggregates, and 

unconsol idated beds of soi l  carbonates. (Modern wri ters usual ly 

refer to this as a l imey subsoi l  hor izon.) 

Mature Cal iche: consol idated beds of calcium carbonate. 

Old Cal iche: tough soi l  minerals of ar id (desert)  regions 

including dense hard cal iche l imestone, desert  glazes, vi t reous 

variet ies of si l iceous cal iche and simi lar surface and soi l  deposits 

of deserts.  Pr ice used cal iche as a generic term for al l  types of 

soi l -mineral  accumulat ions including ferr iginous, si l iceous, and 

aluminous var iet ies, glazes of manganese, and vi t reous or opal ine 

s i l ica. 

Gi le (1961) also classi f ied cal iche according to i ts physical 

character ist ics. He c lassi f ied the Ca-bearing soi l  horizons as 

indurated and unindurated on the basis of s laking or not s laking when 



samples retr ieved from those horizons were placed into water.  He 

then subdivided cal iches as fol lows: 

a. Very strongly indurated; mater ial  is extremely hard; i t  has an 

unconf ined compressive strength range from 3000-8000 psi ,  

di f f icul t  to remove from the horizon; i t  is di f f icul t  to break 

with a hammer and di f f icul t  to score with a kni fe.  

b. Strongly indurated; mater ial  is very hard; i t  has an unconf ined 

compressive strength range from 750-3000 psi ;  i t  breaks rapidly 

with a hammer, but is di f f icul t  to remove from the horizon; and 

i t  can be scored with a kni fe.  

c.  Moderately indurated: mater ial  is hard, i t  has an unconf ined 

compressive strength from 150-750 psi ;  i t  is readi ly removed f ron 

the horizon; i t  breaks easi ly with a hammer, and scores easi ly 

with a kni fe.  

d. Sl ight ly indurated; mater ial  is not very hard; i t  has an 

unconf ined compressive strength less than 150 psi ;  i t  is easi ly 

removed from the horizon; i t  is easi ly broken with a hammer. 

e.  Non-indurated mater ial  s lakes in water and has soft  to hard 

consistency; i t  has an unconf ined compressive strength (air  dry) 

range from 0 to 800 psi ,  but most of ten less than 25 psi ;  i t  may 

be hard to remove from the horizon or i t  may be loose; i t  is 

readi ly broken with a hammer and easi ly scored with a kni fe.  

Carbonate contents were reported by Gi le to range from less 

than one percent to more than ninety-three percent.  Unconf ined 
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compressive strengths were noted to increase with an increase in 

carbonate content.  On the basis of the above character ist ics, Gi le 

classi f ied the Ca horizons as weak, Federate,  strong and very strong. 

1.5.3. Physiographic Relat ions 

Several invest igators have discussed cal iche in relat ion to 

physiography. G. E. P. Smith (1938) found that al l  cal iche in the 

Tucson area was not the same. He described a character!st ic type of 

cal iche for each of the physiographic terraces in the Tucson basin. 

The terraces relevant to the study area are shown in Figure 1. The 

Universi ty Terrace is the highest in the geologic cross-sect ion and 

has the hardest cal iche which contains the coarsest r iater ial .  The 

Cemetery Terrace is the next highest and is represented by level 

surfaces between Universi ty r idges. This terrace has a cal iche zone 

that is much softer than the Universi ty type. Although not shown in 

Figure 1, the Jaynes Terrace, below the Cemetery Terrace, is 

represented by surfaces below and between the Cemetery remnants, and 

has a l imey subsoi l .  The forth terrace is the bottom-lands terrace 

which is the present day f lood plain of the Santa Cruz River and 

Ri l l i to Creek; i t  is character ized by negl igible carbonate 

accumulat ion in the subsurface. 

Others, such as Babcock and Cushing (1952), Cooley (1961), 

Strei tz (1961), and Lacy (1964) have al l  observed that there is no 

cal iche formation below stream beds and their  f loodplains in the 

Tucson Basin. According to Cooley, this is the result  of  the rapid 
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Figure 1. Physiographic units of the Tucson Area and location of 
samples (after Smith 1930). 

Cemetery Terrace Y///\ University Terrace 

Location of the samples 
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rate of deposit ion there and Lacy at tr ibuted the absence of cal iche 

to down f lushing. 

Cooley (1961) found that cal iche in the Glen Canyon (Northern 

Arizona) area was most indurated on the higher terraces and stated: 

The more favorable places for cal iche developnent are in 
areas where l i t t le erosion or sedimentat ion occurs. 
These areas are most ly along gent le bedrock and al luvial  slopes 
which bordered the f loodplains of old through-f lowing streams 
and on the top of terraces composed pr incipal ly of sand 
and gravel.  

He also states that in each local i ty the local physiography and 

hydrologic condit ions control  the mode of formation of the cal iche. 

Woolnough (1927) made a s imi lar statement about the duricrust in 

Austral i  a.  

Stuart .  Fosberg, and Lewis (1962) found that the cal iche on 

the higher terraces in Southern Idaho is also the most indurated. 

They also found that cal iche does not form on slopes steeper than 12 

to 15 percent.  

Pr ice (1933) stated that cal iche is a protect ive agent 

against weathering and erosion that preserves plateaus and prevents 

the erosion of outcrops. 

Bretz and Horberg (1949) described the caprock of cal iche as 

a dense l imestone a few feet thick, but one that is topographical ly 

prominent because i t  has great resistance to erosion. 

Brown (1956) stated that the upper cal iche surface forms the 

backbone of the landscape, even though i t  is only a few feet thick. 
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Oudson (19b0) discussed the relat ion between cal iche and 

depressions in the Southern High Plains. HP argued that the 

depressions are not col lapse features due to the solut ion of the 

cal iche but are the result  of  leaching and def lat ion. 

1.5.4. Cementat ion 

Cal iche is predominant ly forned by the cementat ion of calcium 

carbonate with a very low percentage of magnesium carbonate. 

Therefore, i t  is customari ly reported to consist  ent irely of calcium 

carbonate. Several researchers (Sidwel l .  1943: Rrown, 1956) have 

also found smal l  percentages of s i l ica within the cementing agents. 

Furthermore they have stated that the cal iche on the High Plains 

seems to represent a surface of equi l ibr ium between erosion and 

deposit ion and that the surface of the cal iche is the l imestone 

gravels in the Ogal lela formation. At a s ingle horizon the "algae 

l imestone," as named by El ias (1931), has been formed. I t  was 

described as a zone of massive, recemented, brecciated cal iche. 

Moreover,  Swineford. Leonard and Frye (1958) stated that this deposit  

was not formed by algae (plants that form on a hard surface in 

presence of water) s ince the fol lowing condit ions necessary for the 

formation of an "algae" horizon were missing: 

a) presence of soluble mater ials r ich in Ca+ +  ions 

b) permeable mater ials 

c) def ic ient rainfal l  and long dry periods 
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d) low topographic rel ief  and 

e) t  i  me. 

1.5.5. Relat ion to Rainfal l  

Several invest igators stated that rainfal l  must he 

considerably less than evaporat ion in order for cal iche to form. 

However carbonate nodules are known to be forming in the subsurface 

of glacial  mater ials in the northeastern part  of  the United States. 

Notts (1958) found some correlat ion between cal iche genesis 

and rainfal l .  He showed that there is a correlat ion between the 

thickness of cal iche and the amount of  rainfal l ,  up to a cr i t ical  

point.  Above this value, more carbonates are carr ied down to the 

water table. He stated: 

Relat ively thick cal iche prof i les formed by weathering in 
sediments of s imi lar texture, composit ion, and sedimentat ion rate 
may indicate ei ther areas of greater water inundat ion or the 
former existance of pluvial  cycles. 

1.5.6. Age Determinat ion 

Price (1933), Antevs (1955) and others ascr ibed the 

deposit ion of cal iche to the cl imatic condit ions of the interglacial  

or glacial  stages. Van Siclen (1957) indicated that most of  the 

cal iche is Late Pleistocene-Sangamon age. 

Dawson, Long and Sigalove (1963), on the basis of dat ing, 

stated that cal iche formation at Brown Mountain Arizona occurred 

during the last Pluvial  period. According to them, cal iche is 

general ly more radioact ive near the top of the prof i le.  Cal iche 
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col lected from lava f lows in the San Francisco Volcanic Fields was 

thicker on the older f lows than on the younger f lows. Damon, Haynes 

and Long, (1964) gave an average date of about 9800 years for cal iche 

dated in Avra Val ley, Arizona and an approximate rate of formation of 

one inch per thousand years. 

Buol (1964) and Boul and Yesi loy (1969) gave dates of cal iche 

formation, based on dat ing methods, ranging from 32,000 to less 

than 2,300 years, with age decreasing upward in the cal iche prof i le,  

i .e. ,  older cal iche was or occurred at greater depth than young 

cal iche. 

In summary, most of  the l i terature pertaining to cal iche 

suggests that the formation of cal iche is a long-term process and 

depends mainly on the deposit ion of calcium carbonate by physical 

and/or organic processes. In a soi l  prof i le,  a stratum of cal iche 

may be formed ei ther by the evaporat ion of descending surface water,  

or by the evaporat ion of ascending groundwater.  Plants help in 

forming cal iche by absorbing soi l  water for transpirat ion. The 

calcium carbonate that is dissolved in the water solut ion is 

precipi tated as cal iche. However, whatever the reasons for the 

formation and deposit ion of cal iche are, i ts presence at a 

construct ion si te creates much di f f icul ty in excavat ing and/or 

f i l l ing work. 

In view of this,  i t  is absolutely necessa ry  that a method be 

developed by which proper machinery can be assigned to minimize t ime 



and cost for the excavat ion and or f i l l ing work at  a construct ion 

s i te.  Since the physical propert ies of cal iche vary from si te to 

si te,  experimental  work would be most sui table to invest igate the 

variables that contr ibute to i ts character izat ion with respect to 

earth work. The fol lowing chapter gives a detai led descript ion of 

the proposed experimental  invest igat ion. 



CHAPTER 2 

EXPERIMENTAL INVESTIGATION 

2.1. General Descript ion of the Site 

For the proposed experimental  invest igat ion, cal iche samples 

were col lected from di f ferent construct ion si tes within the City of 

Tucson. In many areas the surface soi ls are underlain by a cal iche 

horizon usual ly a few feet below the exist ing ground surface. This 

horizon may also be exposed at the ground surface or i t  may exist  at 

a considerable depth. In some areas the cal iche soi l  horizons are 

many feet thick and in others only a few inches thick as shown in 

Figures 2 and 3. The qual i ty of the cal iche deposits also vary from 

f inely disseminated calcium carbonate in the soi l  to dense indurated 

material  of  considerable strength. The Universi ty Terrace, which is 

the focus of this invest igat ion consists pr imari ly of cemented 

gravel covered by a thin layer of surface soi l .  The aggregate 

mater ial  was derived mainly from the Santa Catal ina and Rincon 

Mountains and consists of quartz,  feldspar and micas derived from 

granite. This mater ial  is cemented together by calcium carbonate 

which has been deposited on the soi l  part ic les and in the interst ices 

(Post,  1966). 

2.2. Sampling Procedure 

Samples were col lected at random from di f ferent construct ion 

si tes around the Universi ty of Arizona. Samples were taken at 

16 
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Figure 2. Caliche material few feet below the ground surface Location 1 

Figure 3. Caliche material near the ground surface a few inches thick 
Location 3. 
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dif ferent depths below the surface. Table 1 shows the sample number, 

i ts size, the part icular area where the sample was taken from, and 

the insi tu moisture content of selected samples. The sizes of the 

samples ranged from small  pieces to large boulders. Photos shwoing 

the visual character ist ics of selected samples are presented in 

Appendix A. Al l  samples were brought to the Soi ls Laboratory at the 

Universi ty of Arizona. After a smal l  specimen was taken from each 

sample for moisture content determinat ion, the samples were stored at 

room temperature unt i l  further test ing could be started. 

2.3. Laboratory Test ing Program 

The fol lowing tests were preformed as part  of  the Laboratory 

Test ing Program in order to help character ize cal iche: 

1. Specif ic gravi ty of sol ids (Gs)  

2.  Moisture content (w) 

3. Calcium carbonate content 

4.  Unconfined compression strength (su)  

5. Communit ion test 

6. Sieve analysis of comminuted samples 

7. Sesimic veloci ty test 

8. Point load test.  

A detai led discussion of each of these tests fol lows: 

2.3.1. Specif ic Gravity of Sol ids 

This test was performed in accordance with ASTM Specif icat ion 

D854-58. The values determined in this way are l isted in Table 1. 



19 

Table 1.  Sanple locat ion and physical character ist ics. 

Sanple Approx. Size Moisture Specif ic 
Number Locat ion'3^ inxinxin Content (%) Gravity 

1-1 1245 E. 2nd St.  17x12.8x6.5 1.03 

1-2 "  17x12.8x6.5 1.10 1.78 

1-3 " 11x10x7.5 0.89 1.95 

1-4 " 19x7.8x6.2 0.90 1.61 

1-5 "  11.9x5.6x5.1 0.70 2.03 

2-1 Blackl idge & 

Campbel l  14.5x7.8x7.2 0.98 2.21 

2-2 "  17.2x5.3x4.2 1.2 2.13 

2-3 "  13.7x5.2x3.5 1.05 2.06 

2-4 "  17.4x7.2x5.1 0.87 2.17 

2-5 "  20.1x5.3x4.2 0.71 2.19 

3-1 1616 E. 1st St.  15.7x13.2x5.1 0.72 1.91 

3-2 "  18x11x5.5 0.69 2.05 

3-3 "  18.7x8.5x7.5 0.78 1.98 

3-4 "  14.9x7.2x5.7 1.20 1.93 

3-5 "  13.9x6.6x3.5 1.13 2.08 

3-6 "  15.6x5.7x5.2 0.93 2.13 

3-7 "  13.7x6.8x4.7 0.87 2.15 
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Table 1.--Continued 

Sample 
Number Locat i  on^a)  

Approx. Size 
i  nxi nxi  n 

Moi sture 
Content {%) 

Specif i  c 
Gravity 

4-1 1621 E. 1st St.  1 5 . 6 x 8 . 5 x 4 7  0.90 2.05 

4-2 II  14.9x9x6.7 0.78 2.15 

4-3 II 17.6x6.9x5.5 0.89 1.95 

4-4 II  14.5x12.5x6 0.98 2.08 

4-5 II  18.5x13.5x7 1.02 2.11 

5-1 1550 E. 36th St.  19.7x14.5x8 0.76 2.25 

5-2 II  15.6x12.5x7.5 0.60 2.29 

5-3 II  11.7x9.7x6.5 n. 71 2.21 

5-4 II  18.9x13.5x6.2 0.92 2.31 

5-5 II 17.5x12.5x7.5 0.88 2.33 

^Refer to Figure 1. 
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Higher specif ic gravi ty general ly indicates higher unit  weight of  the 

mater ial  and also higher,  unconf ined compressive strength. 

2.3.2. Moisture Content 

This test was performed in accordance with ASTM Specif icat ion 

D2216-71. Moisture content was determined on the same day that 

samples were recovered. Values are l isted in Table 1 for selected 

samples. I t  is fel t  that these values are representat ive of insi tu 

moisture contents. 

2.3.3. Calcium Carbonate Content 

The carbonate contents of representat ive specimens taken from 

selected samples were determined, in dupl icate, by the gravimetr ic 

procedure given in the U.S.D.A. Handbook 60 (1954). A reference 

sample carbonate determinat ion was made by the Department of  

Agricul tural  Soi ls and Chemistry of  the Universi ty of Arizona. The 

test results gave a good correlat ion with previously obtained 

results.  

2.3.4. Unconfined Compressive Strength 

a. Preparat ion of Sample for the Determinat ion of Unconfined 

Compressive Strength. In order to determine the strength of the 

cal iche, cyl indr ical  samples 2 inches in height and 1 inch in 

diameter were prepared. The core dr i l l ing machine avai lable at the 

Geological Engineering Laboratory was used for this purpose. The 

greatest di f f icul ty encountered was to dr i l l  the test specimen out of  



the large sample retr ieved from the f ie ld.  Because of the hardness 

of the cal iche, a dr i l l ing f luid had to be used to decrease the heat 

generated during the dr i l l ing process. Oi l  was considered, however, 

o i l  changes the physical propert ies of the mater ial  being dr i l led and 

helps the sample become fragmented. Water,  al though i t  does not 

change the physical propert ies of the mater ial ,  may reduce i ts 

strength. 

To avoid these problems, samples were dr i l led by pumping air  

into the system. The air  coats the core bi t  and, at  the same t ime, 

reduces i ts speed. In this way a representat ive sample could be 

prepared from a hard piece of cal iche. (For a weak sample of  

cal iche, no convenient and economical methods are avai lable at the 

Universi ty of Arizona to prepare a sample for smal l  diameter 

unconf ined compression test ing.) 

b. Determinat ion of Unconfined Compressive Strength. The 

unconf ined compressive strength of cal iche samples was determined by 

test ing the samples in a Versa-Tests machine of 60,000 pound capacity 

(Figure 4).  A strain rate of approximately 0.05 inches per minute 

was used. The automaticly control led compression machine makes 

digi tal  displays of the ul t imate load and deformation at the t ime a 

sample fai ls by shear. 

2.3.5. Communit ion Test ing 

Since this is not an ASTM standard test,  a specif ic procedure 

was developed. The test was run so that the response of the various 



Figure 4. Versa-Tests machine for determination Unconfined 
Compression Strength. 



cal iche samples to a given energy input could be evaluated on a uni t  

volune basis.  There were two parts to the procedure: 

a.  Volume Determinat ion. Cal iche loses strength and becomes 

unstable when fragmented. The addit ion of water to fragmented 

cal iche causes an almost complete loss of bearing strength and 

results in material  instabi l i ty (Post,  1966). For this reason i t  was 

necessary to f ind a way to measure the volume of the sample without 

gett ing i t  wet.  This was achieved by coat ing the sample with Krylon 

spray coat,  immersing i t  into water in a graduated cyl inder at room 

temperature and not ing the change in water level in the cyl inder 

before and af ter immersion. This di f ference in reading corresponded 

exact ly to the volume of the sample being tested. The samples were 

carefuly handled during the test so that they did not break into 

pieces. The test device is shown in Figure 5. 

piece of cal iche was input by dropping a known weight through a 

specif ic distance for a given number of  t imes. In this way the 

energy at the end of any number of  blows could be computed easi ly.  

For example, the energy input,  as appl ied in the standard ASTM D698 

compact ion test is given by: 

b.  Energy Input.  The energy added to comminute a s ingle 

Input Energy = 
weight( lb) x height of  fal l  x total  number of  blows 

3 
volume of sample ( f t  ) 

(5.5 lbs)(1.0 f t )75 = 12,375 lh-f t / f t  ? 
(1/30) f t3  
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Figure 5. Determination of the volume for caliche sample by displace
ment method. 
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For a given system, the weight and drop height are usual ly 

constant.  Therefore, to apply the same amount of  energy per uni t  

volume to samples of  di f ferent volume the number of  blows ( i .e. ,  the 

number of  t imes the weight is al lowed to drop through a constant 

height) must be var ied. A family of curves was developed for various 

numbers of  blows to give the relat ionship between energy per uni t  

volume and volume for ASTM D698 compact ion energy condit ions. These 

relat ionships are shown in Figure 6. In this study, the required 

number of  blows, as computed from the volume of each sample, was 

appl ied by an automatic compactor.  This apparatus, as is shown in 

Figure 7, has a device for count ing the number of  blows as i t  is 

operated. The apparatus was f i t ted with a 10 lb hammer including the 

weight of  the rod. However, that hammer was too big to f i t  into the 

mold for compact ion. Therefore, for the convenience of the test,  a 

5.5 lb cylndrical  weight having a diameter of  1.96 in and length of 

3.68 in was used. The height of fal l  was adjusted to 1 foot to make 

the test more compatible with the standard ASTM D698 compact ion 

test.  To reach a specif ic energy only the number of  blows needed to 

be adjusted. For a given volume of cal iche the number of  blows 

required for specif ied energy input per unit  volume could be easi ly 

determined from Figure 6. The step by step procedure for the 

communit ion test is as fol lows: 

1. Determine the volume of the sample by the procedure described 

previ  ously.  



Energy/ 
Volume 
( lb-f t /cf t)  N.or BUMS N.OF BUMS (tOF BLOWS H.OF *0W5 N 0F "J;0*5 

30 BO 90 120 200 

0.010 0.009 0.006 0.005 0.004 

Volume (eft)  

Figure 6. Energy per unit  volume vs. volume for varying number of  blows del ivered by standard 
ASTM D-698 procedure. 
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2. Determine the number of  blows required to obtain a specif ic 

energy input per uni t  volume by using Figure 6 and knowing the 

volume of the sample. 

3.  Weigh the sample to an accuracy of 0.01 gm. 

4.  Put the sample in the mold (1/30 f t  ) .  Fix the mold at the base 

with screws. 

5. Set the counter to zero. Turn on the machine. 

6.  Since the posit ion of both the mold and the hammer are f ixed, for 

an equal distr ibut ion of energy input,  the posit ion of the sample 

should be changed three to four t imes during the test from one 

side of the mold to the other.  

7.  Keep track of the number of  blows or check the counter.  

8.  Stop the machine af ter the last blow is completed. 

9.  Perform sieve analysis on the comminuted sample. 

2.3.6. Sieve Analysis of Comminuted Sample. 

A sieve analysis was done on the comminuted sample as 

obtained after Step Number 8 of the comminut ion test fol lowing the 

ASTM D421-58 procedure. The values of the coeff ic ient of uniformity 

(U) were determined from the curves after each of the predetermined 

energy inputs to the sample had been made. 

2.3.7. Seismic Veloci ty 

The seismic veloci ty of the cal iche sample was determined by 

means of  a James V-Scope. (Refer to Figure 8.)  The James V-Scope is 



Figure 8. James V-Scope for measuring seismic velocity. 



the basic instrunent for the determinat ion of t ransit  t ine through 

any sol id.  The test ing procedure is completely nondestruct ive and 

use the pr inciple of low frequency ul trasonics. 

With this instrument veloci t ies of sound through a mater ial  

are determined by measuring the t ime required to transmit mechanical 

energy in the form of sound waves through the object.  Then i f  the 

distance between the transmitt ing and receiving transducer is 

measured, the average veloci ty can be calculated by dividing the 

distance between transducers by the travel t ine as recorded by the 

instrument.  Small  changes in ei ther the physical or mechanical 

propert ies cause the veloci ty to change. For the purpose of 

determining the seismic veloci ty of cal iche samples, the operat ing 

instruct ions as described in the instrument user 's manual were 

fol lowed. To obtain the travel t ime through the sample, the marker 

is adjusted to coincide with the reference l ine. When the sample is 

put between the transducer,  the marker moves lef t .  Using a t ime 

control  switch, the marker is again made to coincide with the 

reference l ine. The t ime (ys) required to travel through the 

sample is displayed on the instrument.  The t ravel path length is 

measured by vernier cal iper to U accuracy of .001 inch. The 

detai ls of the test procedure are given in Appendix R. 

2.3.8. Point Load Test 

The point load test is a simple and quick method for the 

determinat ion of strength of an arbi trary, shaped sample. This 



method is used when other methods are not sui table or appl icable. 

For example, for the cal iche samples which were too weak to prepare 

cyl indr ical  specimens for the determinat ion of unconf ined compressive 

strength in a convent ional manner, the point load test was sui table 

to determine strength. The point load test ing device is manufactured 

by Soi l  Test Inc.,  and is a very simple apparatus which ut i l izes 

hydraul ic pressure and can be operated manual ly.  The set up is shown 

in Figure 9. Cal iche samples having less i rregular geometr ic shapes 

were used for this test.  Such samples were sui table to measure the 

cross-sect ional area after the test.  The dimension of the fai lure 

surface was measured by using vernier cal ipers with an accuracy of 

0.001 inch. The point load test ing machine ut i l izes the same 

pr inciple as the Brazi l ian test and therefore the results obtained 

give the approximate tensi le strength of the sample. Since the point 

load test ing machine records only the maximum load a sample can take 

at fai lure, i t  gives di f ferent loads for sample having di f ferent 

c ross-sec t iona l  a reas .  There fo re  i t  i s  necessary  to  measure  the  a rea  

of the fai lure surface to obtain the strength of each sample. To 

determine the strength of a cal iche sample, the upper and lower pins 

of the apparatus were adjusted to f i t  the sample in between. 

Pressure was appl ied by lever arms unt i l  the sample broke. The 

maximum load required to break the sample was recorded from the 

gauge. The cross-sect ional area of the broken parts of the sample 

was calculated by measuring the sides of the sample. 



Figure 9« Point-Load Tester for measuring point load strength. 



CHAPTER 3 

RESULTS ANH DISCUSSION 

Excavation nay be a di f f icult  job at a construct ion si te 

where cal iche materials have been encountered. For economy of 

operation i t  is necessary for the contractor to know the type of 

machinery needed to excavate in a part icular cal iche formation before 

al l  the f ield equipment is brought to the si te. Select ion of 

machinery which cannot be used for the described purposes wi l l  cost 

money and t ime. A simple way to select machinery is essential in 

order to avoid such a si tuation. This research project presents a 

method whereby the select ion of the proper machinery for cal iche 

excavation can be accomplished by doing simple tests in the f ield 

and/or laboratory. 

The fol lowing test program was undertaken in order to 

characterize cal iche for use in equipment select ion. 

1) Construct ion si te survey. 

2) Comminution under control led energy input. This phase of the 

test ing included: 

a) volume measurement of ini t ial  specimen, 

b) energy input to a specif ied level per unit  volume, 

c) sieve analysis, 

d) determination of uniformity coeff icient, U. 
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3) Point load test ing which included 

a) fracture of specimen in the point load test ing machine, 

b) measurement of cross-sectional a rea  of the fracture. 

4) Seismic velocity determination 

5) Calcium carbonate determination 

6) Unconfined compression test ing. 

The test results of the program give three prameters which 

are the key to the proposed method for f inding appropriate excavation 

machinery. These are 

1) Uniformity coeff icient obtained from laboratory sieve 

analysis on comminated cal iche. 

2) Point load strength (P-j) obtained from f ield tests performed on 

representat ive samples of cal iche by use of a special test ing 

device. The samples could also be obtained during the f ield 

explorat ion part of a project by core-dri l l ing. 

3) Seismic velocity (Vs) of the sample obtained either in the 

f ield or in the lab. 

By correlat ing the above three variables i t  is possible 

to characterize cal iche for the purposes of est imating excavation 

requi rements. 

In this research the uniformity coeff icient and the point 

load test results were correlated with the seismic velocity. By 

determining the uniformity coeff icient of the cal iche comminated 

under 130,000 f t- lb/f t3  of energy input and/or the point load 
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strength, the seismic velocity of a f ield sample could be 

est imated. The appropriate machinery could then be selected from the 

Caterpi l lar Tractor Handbook (1983). The handbook furnishes 

operating characterist ics for a wide range of machinery which can be 

assigned for excavation purposes according to their capacity. 

The seismic velocity of the material to be excavated is a 

measure of i ts hardness. The handbook contains charts showing 

seismic velocity and r ipabi l i ty for dif ferent soi l  and rock types. 

The various charts correspond to various types of excavation 

equipment. Typical charts are presented in Appendix C. I f  the value 

of the seismic vel ici ty fal ls within an al lowable range for a given 

piece of machinery, that equipment wi l l  be sat isfactory for 

excavating that material.  

3.1. Construct ion Site Survey 

Prior to sampling at a construct ion si te, a survey 

questionnaire was given to the excavation machinery operator or the 

si te engineer to obtain a qual i tat ive estimate of the cal iche at the 

si te. An example of the questionnaire is given in Appendix D. The 

results of the survey are found in Table 2. 

3 . 2 .  Comminution Under Control led Energy Input 

In practice the comminution test wi l l  have to be done on 

samples of di f ferent volume. Therefore i t  is wise to standardize the 

test by calculat ing the energy per unit  volume of the sample. 
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Table 2. Results of construct ion si te survey. 

Locati  on 

Depth to Excava-
Caliche t ion Diff-  Equipment 

( f t)  culty^1) Used 

Break
up 

Blows^) Size 

Site 1 

Site 2 

Site 3 

3-5 

4-9 2-3 

Backhoe 
Cat 

Caterpi l iar 
D8 

Dozer with 
r ipper teeth 
Case 580 
Backhoe 

Pick 

> 7 

Soi1-1i ke 
(gravel) 

Soi 1 -1 i  ke 
(gravel) 

Depends on 
how much 
is r ipped 
and to 
what depth 

North of 3 4 
Civi l  Engineering 

John Deere 
690B 
Backhoe 

(* h-hardest 
5-easiest 

(^Nunber of blows required with backhoe shovel to get acceptable 
bi te. 
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Because energy/unit  volume was required i t ,was necessary to 

determine the volume of each sample as described in Chapter 2 pr ior 

to subject ing the sample to blows from the Standard Proctor hammer. 

The number of blows was set by the specif ied energy/unit  

volume input. A value of 130,000 lb-f t / f t^ was chosen because 

appl icat ion of energy equal to or greater than 130,000 lb-f t / f t^ did 

not signif icantly change the value of the uniformity coeff icient for 

a part icular cal iche sample as is evident from Figure 10. 

Figure 10 was obtained by applying energy incremental ly to 

the same sample of cal iche and measuring the part icle size 

distr ibution after each increment. The uniformity coeff icient was 

determined in the usual manner from each gradation curve. Increasing 

the energy input increased the value of the uniformity coeff icient 

ini t ial ly. However, after a certain energy input was recorded, the 

volume of the uniformity coeff icient did not change signif icantly. 

For example, applying 40,000, 90,000, 120,000 and 140,000 Ib-ft / f t"^ 

of energy gave uniformity coeff icient values of 3.67, 4.44, 5.32, 

5.32, respectively as shown in Table 3. I t  is seen that increasing 

the energy input from 120.000 lb-f t / f t^ to 140,000 Ib-ft / f t^ did not 

change the value of the uniformity coeff icient. 
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Figure 10. Relat ion between energy input and coeff icient of uniformity for Sample No. 3-4. CO 
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Table 3. Relat ion between energy input and coeff icient of uniformity 
for Sample No. 3-4. 

Energy Input D60 D10 

( lb-f t / f t^) (r im) (mm) I) = D60/D10 

40,000 

90,000 

120 ,000  

140,000 

55 

40 

33 

25 

15 

9 

6 . 2  

4.7 

3.67 

4.44 

5.32 

5.32 
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The general relat ionship between the number of Standard 

Proctor Hammer blows, energy, and volume are presented in Figure 6. 

The use of the f igure is i l lustrated by the fol lowing example. 

Consider a cal iche sample having a volume of 0.005 f t^. I t  is 

required to f ind the number of blows needed to supply an energy input 

of 130,000 f t-1b/ft^ to the sample. The intersection of these two 

values (0.005 f t^ and 130,000 f t- lb/f t^) gives the required number of 

blows to be approximately 105. Table 4 shows the test results for 

the determination of volume and the corresponding number of blows to 

obtain 130,000 f t- lb/f t^ input energy for various samples tested as 

part of this research. 

Sieve analyses were performed on samples after the required 

number of blows was completed. Figure 11 shows a typical grain-size 

distr ibution curve for Sample No. 2-3, after i t  had been comminuted 

at 130,000 f t- lb/f t^. Table 5 summarizes the results of the sieve 

analysis performed on the Sample 2-3. The results for the other 

samples are contained in Appendix E. 

A seive analysis was performed for each sample comminuted. 

The value of the uniformity coeff icient for each sample was obtained 

direct ly from the grain-size distr ibution curve. The results for al l  

samples are summarized in Table 6. I t  is evident from Table 6 that 

the values of the uniformity coeff icients are near ly equal for the 

cal iche samples retr ieved from the same area. For example, the value 

of U for two samples from location (1245 E. 2nd Street) are 9.45 
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Table 4. Volune and number of blows required to apply 130,000 1b-

f t / f t^ for selected cal iche sample. 

Number of blows required to 

Volume Apply 130,000 lb-f t / f t^ 

Sample Number ( f t^) input energy 

1-2 0.0067 158 

1-5 0.0063 149 

2-2 0.0097 229 

2-3 0.0092 217 

3-1 0.0071 168 

3-5 0.0074 174 

4-1 0.0079 187 

4-4 0.0081 191 

5-1 0.0069 152 

5-5 0.0072 170 



HYDROMETER ANALYSIS SIEYE ANALYSIS 

SIZE - MILLIMETERS U.S. STANDARD SIEVE NUMBERS SIEYE OPENING - IN. 

001 

100 

Sanole Nunber 2-3 

060 = 16 
D10 = 1.9 
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Figure 11. Grain size distr ibution curve for Sample 2-3 after comminution at 130,000 lb-f t / f t3 .  
CO 
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Table 5. Results of sieve sanple 2-3. 

Sample Number 

Weight of Sample 

Volume of Sample 

Energy Applied 

No. of Blows 

2-3 

563 (g) 

0.0092 f t3  

130,000 lb-f t / f t3  

217 

Weight Percent of 
Retained on Weight Re- Cumulative 

Sieve Weight of Each Sieve tained on Percent Percent 
Number Sieve (g) Each Sieve Retained Retained 

1" 566 154.170 27 27.00 73.00 

5" 666 134 23.468 50.468 49.532 

No. 4 535 129 22.592 73.060 29.94 

No. 10 465 93 16.287 89.347 10.653 

No. 20 432 18.5 3.24 92.587 7.413 

No. 60 510 15.0 2.627 95.214 4.786 

No. 200 332 11.0 1.926 97.140 2.860 

Pan 487,5 7.5 1.313 98.454 1.546 
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Table 6. Uniformity coeff icient fol lowing conmunitave at 130.000 

f t- lb/f t3  

Sanple Number^ D60 D10 U 

1-2* 5.2 0.55 9.45 

1-5* 5.5 0.52 10.58 

2-1 35. 5 7 

2-2* 19 2.2 8.64 

2-3* 16 1.9 8.42 

2-4 8.4 1.1 8 

3-1* 15 4.0 6.25 

3-5* 27 4.0 6.75 

4-1* 40 11.0 3.64 

4-4* 45 9.5 4.73 

5-2* 60 30.0 2.00 

5-5* 63 31.0 2.03 

(^Samples with asterisk used in correlat ion analysis 



and 10.58 for Sample Numbers 1-2 and 1-5 respectively. For a given 

amount of comminuation energy per unit  volume, the lower the value of 

the uniformity coeff icient the harder is the sampler. 

From the test results i t  can be seen that the value of the 

uniformity coeff icient varies from 2 to 10. This suggests that the 

material in Location 5 is much harder than that in Location 1. From 

the visual inspection i t  was noted that the samples from Location 5 

are massive and composed of compacted gravels while those in Location 

1 are f ine f ine gravel and fr iable. Confirmation of these results in 

terms of strength relat ive to hardness was sought from the point load 

test ing phase of the study. 

3.3. Point-Load Test 

The point- load test has been found to be a very simple test 

to classify and characterize cal iche samples. This test can be done 

in the laboratory as wel l  as in the f ield to determine the strength 

of cal iche. The test is inexpensive to conduct once the ini t ial  cost 

of the experiment has been incurred. I t  can be carr ied out in a 

relat ively short period of t ime. Table 7 gives the point- load test 

results of several cal iche samples. For pract ical purposes the 

simple point- load test results give enough information to 

characterize a part icular cal iche deposit.  I t  is seen from Table 7 

that although the value of the point- load test for samples can di f fer 

signif icantly from location to location, the value at a given 

location is close. In general,  the results indicate that 
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Table 7. Point- load test results. 

Average Cross- Tensi le 

Sectional Area ( f t^) Strength 

Sanple Number of Fracture Load ( lb) ( lh/f t^) 

1-2 f l .208 1,145 5,150 

1-5 0.219 1,093 4.997 

2-2 0.134 2,149 16,003 

2-3 0.139 2,246 16.093 

3-1 0.053 1,454 27,236 

3-5 0.128 3.542 27,671 

4-1 0.056 1,639 29,014 

4-4 0.087 2,684 31,000 

5-2 0.078 2,722 34,990 

5-5 0.070 2,326 33,040 



cal iche samples which exhibit  higher uniformity coeff icients give 

lower point- load strengths as is seen from Tahle 7 for samples. 

Results from Location 5 for samples which exhibit  lower uniformity 

coeff icient gives higher point- load strengths. I t  can be seen that a 

decrease of 19% in uniformity coeff icient corresponds to an increase 

in the point- load strength of 14%. 

3.4. Seismic Velocity 

The instrument for the determination of seismic velocity is 

normally not avai lable in al l  laboratories deal ing with routine 

tests. I t  is an expensive instrument and therefore is usual ly beyond 

the f inancial means of small  organizations. 

Table 8 gives the results of seismic velocity determination 

for al l  the samples tested. I t  is seen from Table 8 that although 

the value of seismic velocity for samples can di f fer signif icantly 

from location to location, the values obtained for samples at a given 

location are close. In the study the values increased from Site 1 to 

Site 5 about f ive-fold. This means that the stronger the cal iche, 

the higher the seismic velocity. 

3.5. Calcium Carbonate Determination 

As indicated previously, cal iche is a material that contains 

CaCOg. The amount of CaCOg present in a part icular cal iche sample 

has a great inf luence on i ts physical as wel l  as chemical behavior. 

Results of the CaCOg determination of several samples are shown in 
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Table 8. Seismic velocity results, 

Travel 

Path length Time Velocity 

Sample Number ( f t)  (Microseconds) ( f t /sec) 

1-2 0.151 94 1604 

1-5 0.165 98 1687 

2-2 0.136 52 2615 

2-3 0.175 64 2745 

3-1 0.216 65 3323 

3-5 0.250 71 3524 

4-1 0.219 54 4052 

4-4 0.258 61 4256 

5-2 0.234 48 4870 

5-5 0.208 42 4945 



Table 9. An investigator (Post, 1966) concluded that a higher CaCO^ 

content gives higher strength for a cal iche sanple. To veri fy this 

hypothesis, strength and comminution test results of selected cal iche 

samples were analyzed. For i l lustrat ion, a set of results are 

presented in geographical form in Figures 12 and 13. The f igures 

indicate that Sanple 2-4, which has a much higher percentage of CaCC^ 

than Sample 2-1, also has a s l ight ly higher uniformity coeff icient 

for the same amount of input energy. As has been mentioned 

previously, higher uniformity coeff icient general ly indicates lower 

strength; therefore, according to the consideration of U, Sample 2-

1 should be stronger than Sample 2-4. However, considering CaCOg 

content, the opposite should be true. There appears to be a 

contradict ion here. To clari fy this this, a second example can be 

ci ted here from the results presented in Table 10. The second column 

of Table 10 shows the percentage of CaCO-j present in each sample. 

The corresponding point load strengths are shown in the f i f th 

column. I t  is seen that cal iche samples having higher CaCO-^ contents 

do not necessari ly yield higher strength. For example. Sample Number 

5-4 has the greatest percentage of CaCOg of al l  samples, but i ts 

point load strength is not the highest; indeed, i t  is the lowest. 

Therefore i t  appears that from the new cr i ter ion establ ished as part 

of this study, CaC03 content is not a strength control l ing factor. 



Table 9. Calciun carbonate content results. 
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Sample Number Calcium Carbonate CaC03 % 

1-1 29.85 

1-2 39.84 

1-3 19.86 

1-4 29.41 

2-1 15.87 

2-2 12.55 

2-3 14.83 

2-4 25.24 

3-1 14.82 

3-2 26.02 

3-5 33.74 

3-6 31.84 

3-7 28.56 

4-1 29.86 

4-2 30.83 

4-3 30.08 

4-4 25.41 

4-5 25.76 

5-1 15.66 

5-2 24.99 

5-3 25.04 

5-4 34.58 

5-5 20.3 



SIZE - MILLIMETERS SIEVE OPENING - IN U.S. STANOARO SIEVE NUMBERS 

001 

100 

•0 

CaCO, % = 25.24 

U = 

I b f t  Energy input 130,000 
o 

GRAIN SIZE IN MILLIMETERS 

COARSE MEOIUH FINE COARSE MEDIUM FINE SILT CLAY SIZES 

G R A V E L  S A N D  S I L T  A H D  C L A Y  S O I L S  

Figure 12. Grain size distr ibution curve for Sample 2-4 
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54 

Table 10. CaCoj content and point load strengths for selected 

samples. 

Sample Percent Load Cross-Sectioned 

Number CaCOj ( lb) Area ( f t^) P-| ( lb/f t^) 

4-4 25.41 2,654 0.0866 31,000 

4-5 25.76 2,250 0.0511 36,162 

5-1 15.66 1,450 0.0422 34,342 

5-2 24.99 2,722 0.0778 34,990 

5-3 25,04 2.760 0.0562 31,316 

5-4 34.58 2,970 0.0677 29,095 

5-5 20.53 900 0.0303 29,622 
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3.6. Unconfined Compression Testing 

Caliche samples which were strong enough to al low preparation 

of cyl indrical specimens were tested in an unconfined compression 

test ing machine according to the procedure discussed in Chapter 2. 

Table 11 shows the unconfined compression strength of the samples 

tested. As was mentioned previously, i t  was di f f icult  to obtain 

cyl indrical specimens for the softer cal iche samples. Table 11 gives 

the test results for samples from Locations 4 and 5 only. The 

results of these tests were not used for analysis and correlat ion 

with other parameters such as uniformity coeff icient and seismic 

velocity. The reasons for this were two-fold: 

i )  the samples were not always intact and were disturbed by 

cori  ng 

i i )  the sample have a natural material discontinuity plane. 

Therefore the unconfined compression test results are presented just 

for report ing purposes. The results are errat ic because the 

nonhomogeneous nature of the material,  the presence of bedding 

plants, etc. 

3.7. Relat ionship Between Point-Load Strength, 
Seismic Velocity and Uniformity Coeff icient 

In order to make a decision and/or recommendation on the 

suitabi l i ty of using a certain machinery for a part icular si te, al l  

the results obtained from dif ferent types of tests need to be 

correlated. The point load strengths (P-|),  the uniformity 



Table 11. Unconfined compressive strength. 
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Sample Number 

4-4 

4-5 

5-1 

5-4 

5-5 

Unconfined Compressive 
Strength Ib/sq in 

660 

530 

589 

730 

741 
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coeff icients (U) and the seismic veloct ies (V ) of al l  the samples 

tested are presented in Table 12. The correlat ion among the three 

variables is shown in Figures 14 and 15. A l inear regression 

analysis was used in each case to locate the best f i t  curve for the 

data. From this plot i t  is possible to obtain the seisnic velocity 

and when the seismic velocity of the deposit is known, assigning the 

proper machinery can be done easi ly with the help of the Caterpi l lar 

Chart (Appendix C). 

3.8. Example of Using the Metheod 

An example of the use of the charts and the val idi ty of the 

approach is presented by a problem involving one of the test si tes, 

at Location 2 (Blackl idge and Campbell) .  One of the samples at the 

si te had an average uniformity coeff icient is 7.9. The corresponding 

seismic vel ici ty from Figure 15 is approximately 3000 f t /sec. 

The Caterpi l lar Handbook (Appendix C) chart indicates that a 

CAT D-8 (or equivalent equipment) with r ippers wi l l  be able to 

excavate cal iche having that value of the seismic velocity. This 

result  is veri f ied by the questionnaire f i l led out for that si te by 

the equipment operator. I t  indicated that a CAT D-8 was being used 

and no di f f iculty was encountered. 
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Table 12. Relat ionship between point- load strength, uniformity 
coeff icient and seismic velocity. 

Point Uniformity Seismic 
Sample Load (PI) Coeff icient Velocity 

Number lb/f t2  U(D60/D10) (Vs) f t /sec 

1-2 5,500 9.45 1,604 

1-5 4,997 10.58 1,687 

2-2 16,003 8.64 2,615 

2-3 16.093 8.42 2,745 

3-2 27,236 6.25 3,323 

3-1 27,671 6.75 3,524 

4-1 27,671 6.75 3,524 

4-4 31,000 4.73 4,256 

5-2 34,990 2.0 4,870 

5-3 31,000 4.73 4,256 

5-4 33,040 2.03 4,945 
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CHAPTER 4 

CONCLUSIONS AND RECOMMENDATIONS 

4.1. Conclusions 

Based on the investigation and experimental results the 

fol lowing conclusions can be drawn. 

1. Performing very simple tests l ike a point- load test in the f ield 

and/or comminution test in the lab, i t  is possible to assign 

machinery for cal iche excavation with the help of the Caterpi l lar 

Handbook. This method is part icularly suitable for a small  

organizations not capable of doing tests requir ing expensive or 

sophist icated equipment. 

2. The method is suitable for a si te where the information l ike 

nature and distr ibution of cal iche material is avai lable from 

other sources. 

3. The method can be extended to calculate the f ield seismic 

velocity (Vf- je id) from the fol lowing relat ionship (Onodera, 1963) 

V .  ^ 
R.Q.D. = ( u1 8 l d) x 100. 

lab 

V-|a b  can be obtained from the point- load test or comminution 

test.  R.Q.D. is obtained from the core boring log. 

4. Stronger cal iche gives higher point- load strength, higher seismic 

velocity, and lower uniformity coeff icient than soft cal iche. 

61 
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5. Higher CaCO-j content does not necessari ly mean higher strength of 

a cal iche sample. 

4.2. Recommendations 

1. The analysis can be done with a larger number of samples and over 

a wider area. 

2. Chemical analysis on cal iche wi l l  give a better understanding of 

the minerals other than CaCO^ that cause dif ferences in the 

strength of cal iche. 

3. For an unconfined compression test,  the cyl indrical sample may be 

obtained from core-dri l l ing in the f ield, which is dif f icult  to 

do in the lab on an unconfined cal iche sample. 

4. A method should be developed to get a representat ive sample by 

core-dri l l ing from a si te where a massive cal iche formation of 

several feet deep is present. 

5. The method developed is only suitable for cal iche samples of 

small  volume (.002-0.01) f t3 .  For a larger volume of cal iche 

samples encountered in the f ield, a method should be developed. 



APPENDIX A 

DIFFERENT SAMPLES OF CALICHE 
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F igure A-l .  Caliche Sample Number 1-3 from Location 1 

Figure A-2. Caliche Sample Number 2-1 from Location 2. 
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Figure A-3. Caliche Sample Number 3-2 from Location 3 

Figure A-4. Caliche Sample Number 3-5 from Location 3. 



Figure A-6. Caliche Sample Number 4-5 from Location 4. 
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Figure A-7. Caliche Sample Number 5-3 from Location 5. 

Figure A-8. Caliche Sample Number 5-5 from Location 5. 



APPENDIX B 

START-UP PROCEDURE FOR OPERATING THE 
JAMES V-SCOPE MODEL C-4960 

1. Before plugging the V-Scope into the power source, adjust the 

controls as fol lows: 

a. Turn TIME control unt i l  digital counter reads zero. 

b. Turn INPUT GAIN control to extreme counter clockwise 

posit ion 

c. Set RANGE selector switch to IK posit ion. 

d. Set CAL-LOW-MED-HIGH-ACC* power control to LOW posit ion. 

e. Set OFF-HEATHER-USE selector to OFF posit ion. 

f .  Turn SET TO 120V control completely counter clockwise. 

2. Attach coaxial cables to transducers and then to connectors on 

rear of V-Scope. 

3. Plug l ine cord into rear of instrument and into 120V power 

supply. 

4. Turn OFF-HEATER-USE control to HEATER posit ion. 

5. Turn SET TO 120V control clockwise unti l  voltmeter on front 

panel reads 120V. (See footnote No. 1 for addit ional 

information concerning this control.)  

6. Wait for approximately 1 minute for V-Scope to warm up. 

*ACC posit ion is to be used only when a JAMES E-Meter is being used in 
conjunction with the JAMES V-Scope. 
Footnote No. 1 -  Behind the SET TO 120V control is a powerstat which al lows 
the operation of the V-Scope on low voltage sources, down to 100 volts. 
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7. Set OFF-HEATER-USE control to USE posit ion. At this t ime a 

trace wi l l  appear on the cathode ray tube and the tramsitt ing 

transducer wi l l  begin emitt ing sound. 

8. Adjust ZERO SET control so that reference marker (see Figure 1) 

is l ined up with red vert ical l ine on the face of the cathode 

ray tube. 

9. Wait approximately 5 minutes or unti l  reference stops dri f t ing 

to the left .  You can tel l  when the dr i f t  has stopped by 

continual ly adjust ing ZERO SET unti l  no further adjustment is 

necessary. 

10. Place a small  amount of couplant f luid on each of the rubber 

faces of the transducers and hold t ight ly together. 

11. Turn INPUT GAIN control 1/4 turn clockwise. 

12. Adjust ZERO SET control so that the point at which the trace 

leaves the horizontal is l ined up with the red vert ical 

reference l ine (see Figure 1). 

(The function of this operation is to cancel out al l  t ime delays 

associated with the instrument, cables and transducers -

Remember, through Step 12 the counter has remained at zero.) 

13. To measure transit  t ime now place specimen between transducer 

with couplant on each to assure good bond. 

14. Turn INPUT GAIN control another 1/4 turn clockwise. 

15. Turn TIME control in INCREASE direct ion unti l  the point at which 

the trace leaves the horizontal is direct ly l ined up with the 
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16. Read value from counter. This value, with the RANGE selector in 

the IK posit ion, is the number of microseconds required to 

traverse the specimen. I f  the selector were in the .5K 

posit ion, the value is divided in half  for microseconds. With 

the selector in the 5K posit ion, the value is mult ipl ied by 5 

for the number of microseconds. 

A. Warm-up Cal ibrat ion 

Time Control 

Zero Set 

ixfertnee »err.er ifxr tronscivtcfl iinna* 

1. Set TIME control to 
zero and dial.  

2. Adjust ZERO to place 
reference marker on 
vert ical reference 
l ine at start of 
si  gnal. 

3. After 5 minute warm-
up reset ZERO SET to 
l ine up marker with 
reference l ine. 

B. Transducer Cal ibrat ion 

Time control 

Zero Set 

muni if'"" w,tk tr«n»duce« 
BUCCC f«cc to face. 

Place transducers 
together with 
couplant l iquid 
between them. 
With TIME control 
st i l l  at zero, reset 
ZERO SET to f i rst 
received signal. 
This is the t  = 0 
point for the 
instrument. This 
should be examined 
every 15 minutes for 
cal i  brat i  on 
stabi l i ty. 

Figure B.l. How to adjust for zero delay. 
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B.l.  Method of Calculat ion 

Assume a digital counter reading of 67 with the range 

selector on the IK posit ion. I f  you were going through a 1 foot path 

then the result ing velocity would be calculated as fol lows: 

w  ,  _ Path Length (L) 
e  " (FT/SEC) Tine (T in Microseconds)" 

Therefore: 

Vel = a n  u-1  f t >  5- = nnnn£7 = 1500° FT/SeC. 67 Microseconds .000067 

Assume reusing ef G7 SC0P£ 

Time Control 

Initial received sign*] 



APPENDIX C 

EQUIPMENT INFORMATION CHARTS 
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SILTSTONE 

CLAYSTONE 

CONGLOMERATE 
BRECCIA 

CALICHE 

LIMESTONE 

METAMORPHIC ROCKS 
SCHIST 

SLATE 

MINERALS & ORES 
COAL 

IRON ORE 
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.. . . r 

x\\\\\\\\\\\\\\\\\\\\\ 
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RIPPABLE MARGINAL NONRIPPABLE W^YANVd 

Figure C-l. Rappability Chart for CAT D7G Caterpiller Tractor Co., 1982. 
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D8L Ripper Performance 
• Multl or Single Shank No. 8 Ripper 
• Estimated by Seismic Wave Velocities 

Seismic Velocity ° 1234 
filers Per Second x 1000 1 • 1 I I • I ' I 
• Fest Per Second x 1000 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

TOPSOIL 
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SEDIMENTARY ROCKS 
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CLAYSTONE 

CONGLOMERATE 

| BRECCIA 
CALICHE 
LIMESTONE 

METAMORPHIC ROCKS 
SCHIST 

SLATE 

MINERALS & ORES 
COAL 

IRON ORE 

I 
^wx;xxv\V\v;\\v\vv ss 

•SSWSV 

RIPPABLE MARGINAL C NON RIPPABLE 

Figure C-2. Rappability Chart for CAT D8L Caterpiller Tractor Co., 1982. 
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D9L Ripper Performance 
• Multl or Single Shank No. 9 Ripper 
• Estimated by Seismic Wave Velocities 

Seismic Velocity 0 1234 
Meters Per Second x 1000 ^ i I I I I I I I 

Feel Per Second x 1000 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
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BASALT 
TRAP ROCK 

SEDIMENTARY ROCKS 
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SANDSTONE 
SILTSTONE 
CLAYSTONE 
CONGLOMERATE 

BRECCIA 

CALICHE 
LIMESTONE 

METAMORPHIC ROCKS 
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SLATE 
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COAL 

IRON ORE 

l  • ' x  
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t.yyxyxyy xyy 
ky\xx\yyy\l 

RIPPABLE MARGINAL C NON RIPPABLE 1 V-» 1 "I •-> YL 1 

Figure C-3. Rappability Chart for CAT D9L Caterpiller Tractor Co., 1982, 
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D10 Ripper Performance 
• Multi or Single Shank No. 10 Ripper 
• Estimated by Seismic Wave Velocities 

Seismic Velocity 
Meters Per Second x 1000 

Feet Per Second x '1000 0 
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Figure C-4. Rappability Chart for CAT DIO Caterpiller Tractor Co., 1982, 
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THE UNIVERSITY OF ARIZONA Department of  Civi l  Engineering 

Caliche Research 

This questionnaire has been prepared to obtain necessary 

information about excavation in Caliche in the Tucson area. The 

answers wi l l  be used as part of the research work carr ied out by Mr. 

A1i Almasmoum under the supervision of Dr. Edward A. Nowatzki of the 

Department of Civi l  Engineering at The University of Arizona. 

Ron Gerson, Gerson 

Demoli t ion & 

Demoli t i  on Black!idge Campbell  Excavating 

Type of Construct ion Location Site Engineer 

1 At what depth do you usual ly encounter cal iche? (circle answer) 

(a) 0.5 meter 

© 1.0 meter 

(c) 2.0 meters 

(d) more please specify 3 f t .-5 f t .  

2. Degree of di f f iculty in excavating cal iche on a scale of 1 to 5: 
(1 is hardest; 5 is easiest)_ 3 

3. Type of Equipment used: D-8 977 Track Loader with Rippers 

4. Specify the number of blows required with a shovel or backhoe to 

get an acceptable bite: 

(a) 1 



(b) 3 

0  5 

(d) 7 

(e) more Please specify 

Estimated size of excavated materi  al :  

soi l- l ike (gravel) 

(b) boulders 

(c) one or two big blocks 

(d) other Please speci fy 



80 

THE UNIVERSITY OF ARIZONA Department of  Civi l  Engineering 

Cal i  che Researc 

This questionnaire has been prepared to obtain necessary 

information about excavation in Caliche in the Tucson area. The 

answers wi l l  be used as part of the research work carr ied out by Mr. 

A1 i  Almasmoupi under the supervision of Dr. Edward A. Nowatzki of the 

Department of Civi l  Engineering at The University of Arizona. 

Hi 11 el 145 E. 2nd F. J. Lovegridge 
Type of Construct ion Location Foreman 

1 At what depth do you usual ly encounter cal iche? (circle answer) 

^7) 0.5 meter 

(b) 1.0 meter 

(c) 2.0 meters 

(d) more please specify 

2. Degree of di f f iculty in excavating cal iche on a scale of 1 to 5: 
(1 is hardest; 5 is easiest) 1_ 

3. Type of Equipment used: (Backhoe) (Cat) 

4. Specify the number of blows required with a shovel or backhoe to 

get an acceptable bite: 

(a) 1 

(b) 3 

(c) 5 



(d) 7 

© more Please specify 

Estimated size of excavated material 

© soil- l ike (gravel) 

(b) boulders 

(c) one or two big blocks 

(d) other Please specify_ 
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THE UNIVERSITY OF ARIZONA Department of  Civi l  Engineering 

Caliche Research 

This questionnaire has been prepared to obtain necessary 

information about excavation in Caliche in the Tucson area. The 

answers wi l l  be used as part of the research work carr ied out by Mr. 

A1i Almasmoun under the supervision of Dr. Edward A. Nowatzki of the 

Department of Civi l  Engineering at The University of Arizona. 

North of Civi l  Sat! 

Steel/Brick Veneer Engr. Bldg. Chas Shemwell  
Type of Construct ion Location Site Engineer 

1 At what depth do you usual ly encounter cal iche? (circle answer) 

(a) 0.5 meter 

^b) 1.0 meter 

(c) 2.0 meters 

(d) more please specify 

2. Degree of di f f iculty in excavating cal iche on a scale of 1 to 5: 
(1 is hardest; 5 is easiest) 4 

3. Type of Equipment used: John Deere 690B Backhoe 

4. Specify the number of blows required with a shovel or backhoe to 

get an acceptable bite: 

© 1 

(b) 3 

(c) 5 



(d) 7 

(e) more Please specify 

Estinated size of excavated material 

(a) soi l- l ike (gravel) 

(b) boulders 

© one or two big blocks 

(d) other Please specify 
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THE UNIVERSITY OF ARIZONA Department of Civi l  Engineering 

Caliche Research 

This questionnaire has been prepared to obtain necessary 

information about excavation in Caliche in the Tucson area. The 

answers wil l  be used as part of the research work carried out by Mr. 

Al i  Almasnoum under the supervision of Dr. Edward A. Nowatzki of the 

Department of Civi l  Engineering at The University of Arizona. 

CMU 1660 E. 1st St. V. L. Seal 
Type of Construction Location Site Engineer 

1 At what depth do you usually encounter caliche? (circle answer) 

^  0.5 meter 

(b) 1.0 meter 

(c) 2.0 meters 

(d) more please specify Depth of Caliche varied from 

Caliche varied from 41 to 91 

below grade 

2. Degree of diff iculty in excavating caliche on a scale of 1 to 5: 
(1 is hardest; 5 is easiest) 2-3 

3. Type of Equipment used: Poser with Ripper Teeth & Case 580 

Backhoe 

4. Specify the number of blows required with a shovel or backhoe to 

get an acceptable bite: 

( a )  1  
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(b)  3 

(c) 5 

(d) 7 

^  more Please specify Doesn't dig with a shovel 

5. Estimated size of excavated material: 

(a) soi l- l ike (gravel) 

(b) boulders 

(c) one or two big blocks 

© other Please specify Depends on how much is ripped 

& to what depth 
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Table E. l .  Resul ts  o f  s ieve sample 1-2.  

Sample Number 1-2 

Weight of Sample 385 (g) 

Volume of Sample 0.0667 ft"* 

Energy Applied 

No. of Blows 

130,000 lb-ft/ f f  

158 

Si eve 

Number 

Weight of 

Si eve 

Wei ght 

Retained on 

Each Sieve 

( g )  

Percent of 

Weight Re

tained on 

Each Sieve 

Cumulative 

Percent Percent 

Retained Retained 

1" 566 0 0 15.97 100 

0.5 666 61.5 15.97 15.97 84.025 

No. 4 535 225.93 30.11 46.08 53.91 

No. 10 465 92.0 23.90 69.98 30.02 

No. 20 432 55 14.29 84.26 15.74 

No. 60 510 46 11.95 96.21 3.79 

No. 200 332 12 3.12 99.33 0.690 

Pan 487.5 2.3 0.597 99.927 0.73 
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Table E.2.  Resul ts  o f  se ive sample 1-5.  

Sample Number 

Weight of Sample 

Volume of Sample 

Energy Applied 

No. of Blows 

1-5 

342.0 (g) 

0.0064 f t3  

130,000 1b-ft/f t3  

149 

Weight Percent of 

Retained on Weight Re- Cumulative 

Sieve Weight of Each Sieve tained on Percent Percent 

Number Sieve (g) Each Sieve Retained Retained 

1" 566 0 0 0 100 

0.5 666 729 54 15. 789 15.789 84.21 

No. 4 535 645 110 32.163 47.95 52.04 

No. 10 465 548 83.5 24.41 72.368 27.63 

No. 20 432 480 48 14.035 86.40 13.59 

No. 60 510 550 40 11.69 98.09 1.90 

No. 200 332 337 5 1.46 99.56 0.438 

Pan 487.5 488 0.5 o.: 146 99.707 0,292 
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Table E.3.  Resul ts  o f  s ieve sample 2-2.  

Sample Number 

Weight of Sample 

Volume of Sample 

Energy Applied 

No. of Blows 

2-2  

570 (g) 

0.0097 ft3 

130,000 1b-ft/f t3  

229 

Weight Percent of 

Retained on Weight Re- Cumulative 

Sieve Weight of Each Sieve tained on Percent Percent 

Number Sieve (g) Each Sieve Retained Retained 

1" 566 158.5 27.80 27.80 72.19 

0.5" 666 133 23.33 51.14 48.85 

No. 4 535 128 22.45 73.59 26.40 

No. 10 465 95 16.66 90.26 9.73 

No. 20 432 20 3.50 93.77 6.22 

No. 60 510 15 2.63 96.40 3.59 

No. 200 332 12 2.10 98.50 1.49 

Pan 487.5 7 1.22 99.72 0.27 
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Table E.4.  Resul ts  o f  s ieve sanple 3-1.  

Sample Number 

Weight of Sample 

Volume of Sample 

Energy Applied 

No. of Blows 

3-1 

417 (g) 

0.0074 ft3 

130,000 1b-ft/f t3  

174 

Weight Percent of 

Retained on Weight Re- Cumulative 

Sieve Weight of Each Sieve tained on Percent Percent 

Number Sieve (g) Each Sieve Retained Retained 

1" 566 191 45.803 45.803 54.197 

0.5" 666 119 28.37 74.34 25.668 

No. 4 535 61 24.62 88.96 11.032 

No. 10 465 19 4.556 93.516 6.484 

No. 20 432 10 2.390 95.914 4.086 

No. 60 510 8 1.918 97.832 2.168 

No. 200 332 6 1.439 99.271 0.729 

Pan 487.5 2 0.480 99.751 0.249 
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Table E.5.  Resul t  o f  s ieve sample 3-5 

Sample Number 

Weight of Sanple 

Volume of Sample 

Energy Applied 

No. of B1ows 

3-5 

408 (g) 

0.0071ft3  

130,000 1b-ft/f t3  

158 

Weight Percent of 

Retained on Weight Re- Cumulative 

Sieve Weight of Each Sieve tained on Percent Percent 

Number Sieve (g) Each Sieve Retained Retained 

1" 566 170 41.66 41.66 58.33 

0.5" 666 125 30.63 72.30 27.69 

No. 4 535 65 15.93 88.23 11.76 

No. 10 465 19 4.65 92.881 7.11 

No. 20 432 10 2.45 94.22 4.66 

No. 60 510 8 1.96 97.29 2.70 

No. 200 332 6.5 1.59 98.88 1.11 

Pan 487.5 4 0.98 99.86 0.136 
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Table E.6.  Resul t  o f  se ive sample 4-1.  

Sample Number 

Weight of Sample 

Volume of Sample 

Energy Applied 

No, of Blows 

4-1 

382 (g) 

0.0079 f t3  

130,000 lb-ft/ f t3  

187 

Weight Percent of 

Retained on Weight Re- Cumulative 

Sieve Weight of Each Sieve tained on Percent Percent 

Number Sieve (g) Each Sieve Retained Retained 

1" 566 265.5 69.503 69.503 30.497 

0.5" 666 58 17.801 87.203 12.696 

No. 4 535 25 6.545 93.849 6.151 

No. 10 465 10 2.618 96.467 3.533 

No. 20 432 7 1.832 98.299 1.701 

No. 60 510 3 0.785 99.085 0.915 

No. 200 332 2 0.524 99.608 0.392 

Pan 487.5 1 0.262 99.870 0.130 



Table E.7.  Resul t  o f  s ieve sample 4-4 
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Sample Number 

Weight of Sample 

Volume of Sample 

Energy Applied 

No. of Blows 

4-4 

394 (g) 

0.0081 f t3  

130,000 1b-ft/f t3  

191 

Weight Percent of 

Retained on Weight Re- Cumulative 

Sieve Weight of Each Sieve tained on Percent Percent 

Number Sieve (g) Each Sieve Retained Retained 

1" 566 270.5 68.65 68.65 31.34 

0.5" 666 70.5 17.89 86.54 13.45 

No. 4 535 26.5 6.72 93.27 6.72 

No. 10 465 11 2.79 96.06 3.93 

No. 20 432 7 1.77 97.84 2.15 

No. 60 510 4 1.01 98.85 1.14 

No. 200 332 3 0.76 99.61 0.38 

Pan 487.5 1 0.25 99.87 0.12 



Table E.8.  Resul t  o f  s ieve sample 5-2.  
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Sample Number 

Weight of Sample 

Volume of Sample 

Energy Applied 

No. of Blows 

5-2 

392.5 (g) 

0.0669 f t3  

130,000 lb-ft/ f t3  

163 

Weight Percent of 

Retained on Weight Re- Cumulative 

Sieve Weight of Each Sieve tained on Percent Percent 

Number Sieve (g) Each Sieve Retained Retained 

1" 566 931.5 365.5 254.4 93.12 6.88 

0.5" 666 0 0 0 93.12 6.88 

No. 4 535 540 4 

C
M

 O
 • 

f—
i 

94.14 5.86 

No. 10 465 475 10 2.55 96.69 3.31 

No. 20 432 437 5 1.27 97.96 2.04 

No. 60 510 515 5 1.27 99.23 .77 

No. 200 332 335 2 0.51 99.74 .26 

Pan 487.5 488 0.5 0.127 99.88 .22 



Table E.9.  Resul ts  o f  s ieve sample 5-5.  
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Sample Number 5-5 

Weight of Sample 402 (g) 

Volume of Sample 0.0072 f t^ 

Energy Applied 130,000 lb-ft/ f t^ 

No. of Blows 170 

Weight Percent of 

Retained on Weight Re- Cumulative 

Sieve Weight of Each Sieve tained on Percent Percent 

Number Sieve (g) Each Sieve Retained Retained 

1" 566 368.5 91.66 91.66 8.33 

0.5" 666 0 0 91.66 8.33 

No. 4 535 5 1.24 92.91 7.08 

No. 10 465 11 2.73 95.64 4.35 

No. 20 432 6 1.49 97.13 2.86 

No. 60 510 5 1.24 98.33 1.61 

No. 200 332 4 0.99 99.37 0.62 

Pan 487.5 2 0.49 99.87 0.12 
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Figure F-l Grain size distribution for Sample Number 1-2 after comminution 

130,000 lb-ft/ft3. 
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Figure F-2. Grain size distribution curve for Sample Number 1-5 after comminution at 

130,000 1g-ft/ft3. 
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Figure F-3. Grain size distribution curve for Sample Number 2-2 after co«inution at 

130,000 lb-ft/ft. 
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Figure F-4. Grain size distribution curve for Sample Number 3-1 after comminution at 

130,000 lb-ft/ft3. 
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Figure F-6. Grain size distribution curve for Sample Number 4-1 after comminution at 

130,000 lb-ft/ft3. 
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Figure F-8. Grain size distribution curve for Sample Number 5-2 after comminution at 

130,000 lb-ft/ft3. 
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