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D. E. cf.A RK, Ceotechnical Engineer 

77874 Conquistador Drive, Sun City West, Arizona 85375-5778 (602) 584-6847 

August 12, 1988 
Our Job No. 4 4 B  

.Maricopa County Highway Department 
3325 West Durango S t r e e t  
Phoenix, A-rizona 85009 

At t en t ion :  P h i l i p  Eps te in ,  P.E. 
Chie f ,  Design Branch 

Enclosed herewi th  is our  r e p o r t  t i t l e d  "Foundation 
I n v e s t i g a t i o n ,  Proposed Bridge,  Dysar t  Road a t  t h e  Luke AFB 
Drain,  Maricopa County, Arizona,  For Maricopa County Highway 
Department (MCHD P r o j e c t  No. 68460) ." 
The work was done i n  accordance wi th  our  p roposa l  of  A p r i l  5, 
1988, d u l y  executed by County o f f i c i a l s ,  and r e tu rned  wi th  
t h e  Department 's  l e t t e r  of  June 20, 1988. 

The r e p o r t  p r e s e n t s  r e s u l t s  of bor ings  and t e s t s ,  i n t e r p r e t s  
t h e  subsu r f ace  cond i t i ons ,  p r e s e n t s  a c h a r t  of  computed p i l e  
c a p a c i t i e s ,  comments on i n s t a l l a t i o n  procedures ,  and s u g g e s t s  
an equ iva l en t  f l u i d  p r e s s u r e  t o  use  i n  des ign  of t h e  
abutments. An appendix p r e s e n t s  a des ign  memo wi th  p i l e  
c a p a c i t y  computations.  

Yours very  t r u l y ,  

D. E. CLARK 
Geotechnical  Engineer 

~ o n a l d  E. C l a r k ,  P.E. 

D E C / ~ C  

Copies t o  addressee:  4 

Enclosure  w i th  each: r e p o r t  
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REPORT 
FOUNDATION INVESTIGATION 

PROPOSED BRIDGE 
DYSART ROAD AT THE DUKE AFB DRAIN 

MARICOPA COUNTY, ARIZONA 
FOR MARICOPA COUNTY HIGHWAY DEPARTMENT 

MCHD P r o j e c t  No. 68460 

This  i s  t h e  r e p o r t  of my (Donald E. C l a r k ' s )  founda t ion  
i n v e s t i g a t i o n  f o r  a  replacement b r idge  t o  c a r r y  Dysar t  Road 
over t h e  Luke AFB Drain i n  Maricopa County. The s i t e  i s  
about midway between Glendale Avenue and Northern Avenue, 
nea r  t h e  town of L i t c h f i e l d  Park. The a t t a c h e d  P l o t  P lan ,  
P l a t e  1, shows t h e  e x i s t i n g  br idge ,  t h e  proposed replacement 
b r idge ,  and nearby f e a t u r e s .  

A March 3 0  l e t t e r  of t r a n s m i t t a l  from P h i l i p  Eps te in ,  P.E., 
provided in format ion  on t h e  t ypes  of p i l e s  t h a t  a r e  proposed, 
provided e s t i m a t e s  of  l o a d s  t h e  i n d i v i d u a l  p i l e s  a r e  t o  
c a r r y ,  and t r a n s m i t t e d  a  copy of a  Locat ion Plan prepared by 
t h e  Maricopa County Highway Department, da t ed  November 27, 
1987. I have s i n c e  t a l k e d  wi th  Mr. Eps t e in  by phone, and 
have looked a t  t h e  s i t e .  

Based on t h e  documents and a c t i v i t i e s  desc r ibed  i n  t h e  
prev ious  paragraph,  t h e  r e p o r t  d e s c r i b e s  my unders tanding of 
t h e  s i t e  c o n d i t i o n s ,  t h e  proposed cons t ruc t ion ,  and t h e  
purposes  of t h e  i n v e s t i g a t i o n .  I t  then  d e s c r i b e s  t h e  scope 
of t h e  i n v e s t i g a t i o n ,  i n t e r p r e t s  subsu r f ace  s o i l  and 
groundwater cond i t i ons ,  p r e s e n t s  a  c h a r t  of computed p i l e  
c a p a c i t i e s ,  comments on i n s t a l l a t i o n  procedures ,  and sugges t s  
an e q u i v a l e n t  f l u i d  p r e s s u r e  t o  use  i n  des ign  of  t h e  b r i d g e  
abutments. Appended a r e  a  des ign  memo and i t s  a t t a c h e d  
computations t h a t  t o g e t h e r  p rov ide  t h e  b a s i s  f o r  t h e  c a p a c i t y  
c h a r t .  
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SITE GQNPLTLQIYS 

The site is within a nearly level area of deep alluvium with 
a relatively deep groundwater level. Surrounding land uses 
consist of an open field, a school yard, and commercial 
property used for solution mining of salt. 

The canal is lined with concrete and has roads down each side 
at an elevation slightly above that of the adjacent land. 
In the vicinity of the bridge there are overhead utility 
lines, buried utility lines, and buried pipelines. 

The proposed bridge is to be supported on either 12-inch- 
diameter pipe piles or 18-inch-diameter, drilled, cast-in- 
place concrete piles. The piles are to be in widely 
separated rows, and center-to-center spacing of the piles is 
to be more than three diameters. Total design loads on the 
individual piles are to range up to 55 tons. The allowable 
settlement of any individual pile is approximately a half 
inch. 

EYBEQSES QE THE INYBSTIG_ATI_O_N 

The purposes of the investigation were to explore subsurface 
soil and groundwater conditions, to develop a chart of 
computed pile capacities, to consider whether there may be 
notable problems with pile installation, and to suggest a 
value of equivalent fluid pressure to use in design of the 
bridge abutments. 
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SCQEE QE THE INVESTIGATLQN 

A t  l o c a t i o n s  shown on t h e  P l o t  P lan ,  we d r i l l e d  two, 40-foot- 
deep bo r ings  w i t h  a seven-inch-diameter, hollow-stem auger.  
I logged t h e  bo r ings  and ob ta ined  11 "undis turbed" samples of 
. s o i l s  encountered.  I l a t e r  reexamined t h e  samples and 
s e l e c t e d  t h o s e  t o  be  t e s t e d .  

The s o i l s  were c l a s s i f i e d  i n  accordance wi th  t h e  procedures  
i n  ASTM Designat ion:  D 2488-85, Standard P r a c t i c e  f o r  
~ e s c r i p t i o n  and I d e n t i f i c a t i o n  of S o i l s  (Visual-Manual 
Procedure) .  General  f e a t u r e s  of t h e  c l a s s i f i c a t i o n  system 
a r e  i l l u s t r a t e d  on P l a t e  2, Uni f ied  S o i l  C l a s s i f i c a t i o n  
System. P l a t e  3, ~ e s c r i p t i v e  Terms, l is ts  and d e s c r i b e s  
o t h e r  terms used on t h e  bor ing  logs .  Other d a t a  a r e  
p re sen ted  on P l a t e  4 ,  Boring Log Notes, and on P l a t e s  5 and 
6, Boring Logs. The bor ing  l o g s  show t h e  blows p e r  f o o t  
needed t o  d r i v e  t h e  sampler,  and show approximate Standard 
P e n e t r a t i o n  T e s t  N-values computed from t h e  r e l a t i o n s h i p s  
desc r ibed  on P l a t e  3. 

A l l  of t h e  undis turbed  samples were t e s t e d  f o r  mois ture  
c o n t e n t  and d r y  d e n s i t y ,  and two of  them were t e s t e d  t o  
o b t a i n  s i x  d i r e c t  s h e a r  t e s t  p o i n t s .  R e s u l t s  of  t h e  mois ture  
c o n t e n t  and d r y  d e n s i t y  t e s t s  a r e  p re sen ted  on t h e  bor ing  
logs .  R e s u l t s  of  t h e  d i r e c t  s h e a r  t e s t s  a r e  p resen ted  i n  t h e  
fo l lowing  t a b l e :  

DIRECT SHEAR TESTS 

Surcharge Peak Shear 
Pressure ,  p s f  S t r eng th ,  ps f  

Boring 1 1000 
@ 1 5  f e e t  2000 

3000 

Boring 2 1000 
@ 30 f e e t  2000 

3000 

Using t h e  d a t a  from t h e  bo r ings  and t e s t s ,  I performed 
eng inee r ing  a n a l y s e s  o r i e n t e d  toward t h e  purposes  of t h e  
i n v e s t i g a t i o n .  
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With the exception of some surficial fill apparently placed 
for road construction, the soils in the borings were 
basically cohesive: primarily sandy clay, secondarily clayey 
sand. In consistency they ranged from stiff to hard. 

The samples were mostly logged as "damp," some as "moist," 
and one as "wet." No groundwater was encountered. 

Plate 7, Pile Capacities, presents a chart of pile 
penetration vs. carrying capacity for each of the two types 
of pile. Appended are a design memo and its attached 
computations that together provide the basis for the capacity 
chart. 

At this stage of design, there is no information about 
driving equipment, drilling equipment, other installation 
equipment, or installation procedures. 

I do not see that the data suggests a liklihood of notable 
installation problems. However, (1) the 55-ton drilled piles 
have a penetration of about 45 feet (Plate 7), a depth large 
enough to have a potential for installation problems, and (2) 
the driven piles may encounter some hard driving below depths 
of about 20 to 30 feet, which may cause soil vibrations 
sufficient to affect buried utilities and pipelines. 

Assuming granular backfill material similar to the existing 
road fill, I suggest designing the abutments to resist an 
equivalent fluid pressure of 30 pounds per cubic foot. 
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The r e p o r t  i s  completed by t h e  a t t a c h e d  p l a t e s ,  and t h e  
a t t a c h e d  des ign  memo and computation s h e e t s .  

Ceotechnical Engineer 



JOB NO. 4-4s JOB LOCATION L,f'kbe/d 
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C A L  GAS 
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P L A N  
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REDUCED TO 
1" = 4 0 '  

REFERENCE: A plan prepared by t h e  
M a r i c o p a  C o u n t y  H i g h w a y  D e p a r t m e n t ,  
t i t l e d  " L o c a t i o n  P l a n ,  D y s a r t  R o a d  - 



COARSE-GRAINED SOILS FINE-GRAINED SOILS 

LESS T HAN 50% FINES* MORE THAN 50% FINES* 

More than half 
of coarse fraction 

is smaller than 

Coarse grained soils receive dual symbols if Fine grained soils receive dual symbols if their 
they contain 5 to 12% fines (e.g. SW-SM, limits plot in the hatched zone on theplasticity 

Chart (ML-CL) 

SOIL SIZES PLASTICITY CHART 

COMPONENT SIZE RANGE 

ABOVE 12 in. 

3 in. to 12 in. 

No. 4 to 3 in. 

% in. to 3 in. 

No. 4 to % in. 

No. 200 to No. 4 

No. 10 to No. 4 

No. 40 to No. 10 

No. 200 to No. 40 

*FINES (Silt or Clay) BELOW No. 200 



DESCRIPTIVE TERMS FOR SOIL BORING LOGS . 
GENERAL: Always i n c l u d e  t h e  s o i l  selnx and g l a s s i f i c a t i o ~  (Group Name and 
Group S ~ b o l ) ,  always d e s i g n a t e  any f a l l  t h a t  i s  p r e s e n t ,  and g e n e r a l l y  
e s t i m a t e  t h e  E Q ~ S ~ Y K S  69ndifiQll. and t h e  feJg&lyg dlnsiiy o r  ~ ~ b n s i y ~  g-mngfh. 

COLOR: Use s imple  d e s c r i p t i o n s  s u f f i c i e n t  t o  a i d  l a t e r  i d e n t i f i c a t i o n  of 
s t r a t a  i n  excavat ions ,  c o l o r s  such  a s  whi te ,  t a n ,  brown, da rk  brown, reddish- 
brown, o l i v e ,  gray,  dark  gray,  e t c .  Descr ibe  any mot t l i ng .  Descr ibe  t h e  
c o l o r  a t  t h e  f i e l d  moi s tu re  cond i t ion .  

MOISTURE CONDITION: Use o n l y  t h e  terms dry ,  damp, mois t ,  wet, and s a t u r a t e d .  

RELATIVE DENSITY OF GRANULAR SOILS: (Ref 1) 

Push 1/2" Reinforc ing  Rod by Hand 
It 

E a s i l y  Dr ive  1/2" Reinforc ing  ~ o d  
Very Firm N=21-30 11 n 

N=31-50 RD=70-90 Dr ive  1/2" Reinforc ing  Rod 1 ~ o o t  
- v e r y  Dense N>50 RDP90-100 ~ r i v e  1/2" Reinforp ing  Rod a Few Inches  

* N= blows p e r  f o o t  i n  t h e  Standard  P e n e t r a t i o n  Tes t .  In gr-aylgz SQJJS, w i t h  t h e  3" d r i n g  sampler, 140-lb weight ,  dj,y$ds fbe bJ9y , c ~ y n &  b y  j! 
t o  g e t  N (Ref 2 ) .  

CONSISTENCY OF COHESIVE SOILS: (Ref 1 )  

**  blows p e r  f o o t  i n  t h e  Standard P e n e t r a t i o n  Tes t .  In E P ~ % S ~ Y S  S Q ~ J , ~ ,  
w i t h  t h e  3" d  r i n g  sampler ,  140-lb weight ,  d i v i d e  _tbg %JQY counf By J,,2 
t o  g e t  N (Ref 2 ) .  

FIELD IDENTIFICATION PROCEDURES: (Ref 3 )  

C lays  a r e  p l a s t i c ,  a r e  tough, and e x h i b i t  h igh  d r y  s t r e n g t h  
silts a r e  non-plas t ic ,  e x h i b i t  l i t t l e  d r y  s t r e n g t h ,  and respond t o  t h e  

d i l a t e n c y  t e s t  . 

OTHER DESCRIPTIVE TERMS: ( ~ e f  3 )  

Angular i ty :  angular ,  subangular ,  subrounded, rounded 
Range i n  p a r t i c l e  s i z e  
H C ~  reac t ion :  none, weak, s t r o n g  
Cementation: weak, moderate, s t r o n g  
S t r u c t u r e :  s t r a t i f i e d ,  laminated ,  f i s s u r e d ,  s l i c k e n s i d e d ,  blocky,  

l e n s e d ,  homogeneous 
Odor, gases  
Ves i c l e s ,  r o o t  ho le s ,  and r o o t s  
C a l i c h e  and o t h e r  s a l t s  

x x x x x x x x x x x x X ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ X X X X X X X X X X X X X x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x  

Ref 1: Sowers, George F., I D ~ K Q ~ U G ~ Q L Y  S Q I ~  B ~ P ~ P D ~ E S  P D ~  ~ ~ U n d a f i ~ ~ ~ l  ' 

~ ~ ~ f ~ a b n l ~ a l  E n g ~ n ~ ~ r i n g ,  MacMlllan Pub l i sh ing  Company, New Y o r k ,  
4 t h  Edf 1979, pp. 80-811 312. 

Ref 2: Lowe, John 111, and Zaccheo, P h i l i p  F., "Subsurface Exp lo ra t ions  and 
Sampling," Chapter  1 i n  Winterkorn, Hans F., and Fang, Hsai-Yangr 
~gya&_ti_on _Enqineerl_ng 89nd_bQ9h, Van Nostrand Reinhold Company, 
New York, pp. 37-38. 



These notes, and the boring logs, are intended for use only in conjunction with the text, and for only the 
purposes the text outlined for our services. 

The plate "Method of Soil Classification" illustrates the method used to classify the soils. The soils were 
visually classified in the field; the classifications were modified by visual examination of samples in the 
laboratory, supported, where indicated on the logs, by tests of liquid limit, plasticity index, and/or 
gradation. In addition to the interpretations for sample classification, there are interpretations of where 
stratum changes occur between samples, where gradational changes substantively occur, and when 
minor changes within a stratum are significant enough to log. 

There may be variations in subsurface conditions between borings. Soil characteristics change with 
variations in moisture content, with exchange of ions, with loosening and densifying, and for other 
reasons. Groundwater levelschange with seasons, with pumping,from leaks,and for other reasons. Thus, 
boring logs depict interpretations of subsurface conditions only at the locations indicated and only on 
the date(s) noted. 

SPECIAL NOTES FOR THIS REPORT: 

1. The borings were drilled on June 24, 1988, using a truck- 
mounted, CME 75 drill rig turning a seven-inch-diameter, 
hollow-stem auger. 

2. Borings were positioned in the field by measuring from 
existing improvements. The boring locations are shown on the 
Plot Plan, Plate 1. 

3. Boring elevations were estimated from existing surface 
profiles shown on the plan referenced on Plate 1. 

4. ~ o t h  borings were stopped at their planned depth of 40 

5. The following symbol a denotes an "undisturbedn sample 
taken in a ring-lined, 2.42-inch ID, 3.00-inch OD sampler 
driven with a 140-pound weight dropped 30 inches 
(ASTM D 3550). 

6. The following symbol a denotes an attempted undisturbed 
sample with no recovery or with the sample partially 
disturbed. 

7. The soilst Group Names (e.g. Sandy Clay) and Group 
Symbols (e.g. CL) were visually assigned in accordance with 
procedures in ASTM D 2488; other terms are described on 

8. Groundwater was not encountered in either boring. 



1 

Y 
BORING 1 

4 

1 
d 
* ELEVATION 1087 FEET 

Brown Silty Sand, fine 
grained, damp, firm 
FILL down to 2 . 5 ( ? )  feet 

Light gray Caliche, damp, 
hard 
Brown Sandy Clay, moist, 
very stiff 

Hard 

Wet, stiff, more 
clayey 

I 

SM 

E 

CL 

I /Gray Sandy Clay, damp, 
I 
I 

, hard 
I I 

1-4 

Brown Clayey Sand, damp, 
hard 

Very stiff 

CL 

I- 

r! 

I 

SC 

Boring stopped at 40 feet; 
planned depth 

* Approximate Standard Penetratio:l 
Test N-Values computed from the 
relationships described on 
Plate 3. 

LOG OF BORING D.E. CLARK Plate 5 
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CAPACITY IN TONS 

A- 

1. The pile capacities are based on the design memo and 
computations appended to the report. 

2. The computations include a safety factor of 2.5. 

3. The pile capacity curves start at depths equal to five 
diameters. 

4. The capacities apply to dead-plus-real-live, frequently 
applied loads. The capacities can be increased by 1/3 when 
the design forces include transient loads from such things 
as wind and earthquakes. 



APPENDIX 

DESIGN MEMO AND COMPUTATIONS 



MEMO 

TO : File 44B, Maricopa County Highway Department, 
in the Litchfield Park Area 

FROM: Don Clark 

DATE : August 12, 1988 

SUBJECT: Design Memo for the Pile Capacity Computations 

~ n i s  memo and its attached computations provide the basis for 
the capacity chart in the report for Job No. 44B, prepared 
for the ~aricopa County ~ighway Department. 

The computations are based on the book mg~ & ~ d  
CQQPUJ&&$&Q E ~ & i a ,  by M e  J. Tomlinson, viewpoint 
publications, London, 3rd Ed., 1987. Unless otherwise noted, 
page references are to this book. 

The memo describes the assigned soil parameters, describes 
the groundwater assumptions, describes the pile data, 
presents installation comments, describes computational 
assumptions, and indexes the attached computation sheets. 

With the exception of some surficial fill, the soils 
logged in the borings are basically cohesive: primarily 
sandy clay, and secondarily clayey sand. 

Based on the direct shear test data, the soils were assigned 
a cohesion of 1,650 pounds per square foot at the surface, 
increasing with depth at a rate defined by an angle of 11 
degrees (See Sheet 1 of the computations). 

Based on the moisture-density tests, the soils were assigned 
a wet unit weight of 122 pounds per cubic foot. 
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Groundwater was not encountered in the borings, is not 
considered in the design computations, and, assuming no 
change in canal leakage or nearby surface irrigation, is not 
expected to be a factor in pile installation. 

I understand that these are to be steel pipes, 12 inches in 
outside diameter, driven with a closed end, filled with 
concrete, and reinforced, at least near their upper ends. 

I understand that these are to be drilled with an 18-inch- 
diameter auger, promptly filled with concrete, and 
reinforced, at least near their upper ends. 

At this stage of design, there is no information about 
driving equipment, drilling equipment, other installation 
equipment, or installation procedures. 

I do not see that the data suggests a liklihood of notable 
installation problems, although there may be some hard 
driving below depths of about 20 to 30 feet. 
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The computations use a safety factor of 2.5 (p. 100). The 
plotted results are for dead-plus-real-live loads, frequently 
applied. The plotted capacities can be increased by 1/3 when 
the design forces include transient loads from such things as 
wind and earthquakes. 

The computed capacities would not be valid at depths less 
than five pile diameters (p. 100 and p. 113), so the pile 
capacity curves start at depths of five diameters. 

Seven sheets of computations are attached: 

Sheet 1 contains the shear summary plot and the plot of 
depth vs. cohesive strength derived from the shear 
summary and the wet unit weight. 

Sheets 2 and 3 contain capacity computations for the 
12-inch-diameter pipe piles. 

Sheets 4 and 5 contain capacity computations for the 
18-inch-diameter drilled piles. 

Sheet 6 presents a plot of the computed pile capacities 
vs, penetration depths. 

Sheet 7 contains check computations. 
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