




REPORT OF PRELIMINARY SUBSURFACE SOIL EXPLORATION 

MUNICIPAL P A R K I N G  STRUCTURE AND MTC FACILITY 

CITY OF MINNEAPOLIS 

PURCHASE ORDER #I0014 

INTRODUCTION 

The proposed parking structure and MTC f a c i l i t y  i s  currently in the pre- 

1 iminary design stages. The exact building size and number of stories 

has not been determined at th i s  time. I 

In accordance with our proposal dated January 16, 1979 and your subse- 

quent Purchase Order #I0014 dated January 24,  1979, a preliminary sub- 

surface soil exploration has been made. The exploration consisted of 

four soil t e s t  borings. The resul ts  of the borings were then reviewed 

re1 a t i  vely t o  foundation types and depths, a1 1 owabl e soi 1 bearing pres- 

sures and other design considerations that may be influenced by the sub- 

surface soil conditions. I 
The purpose of th i s  report i s  to present the results of the preliminary 

subsurface exploration d a t a  and our comments and opinions based on I 
review of th is  data. I 

SITE AND SOIL CONDITIONS 

Surface Conditions i 

The s i t e  i s  currently being used as an on-grade parking area. One small 

building i s  located along 3rd Street  near the center of the block.  We I 
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were required t o  p u t  down the borings on c i ty  property. Because of the 

large amount of snow, borings 1, 9 and 11 were p u t  down in the s t reet  

and boring 3 was p u t  down on the sidewalk. The surface elevations at 

boring locations ranged from 96.3' a t  boring 3 t o  101.8' a t  boring 9 i n -  

I dicating a s l ight  downward slope in an easterly direction. 

-We have no information regarding past usage of the s i t e  and particularly 

any buildings that may have once occupied the s i t e .  

Subsurface Conditions 

The subsurface conditions encountered at each t e s t  location are i l l  u- 

s t ra ted on the attached t e s t  boring logs. 

A review of these 1 ogs suggest that a generl i zed soi 1 and bedrock pro- 

f i l e  consists of up  t o  12 '  of f i l l  under1 ain by sand t o  depths of 20' t o  

28' below existing grade in turn underlain by clayey sand and sandy clay 

glacial ti71 t o  the depth of limestone. Limestone was encountered at 

depths varying from approximately 30' t o  33.2' be1 ow existing grade. 

The f i l l  consisted primarily o f  s i l t y  sand with some clayey sand and fat  

clay. We were not able t o  sample the upper portion of the f i l l  by means 

of standard penetration testing because of frozen materi a1 . The samples 

which were taken i n  the lower portion of the f i l l  indicated the density 

was quite variable. The underlying sand varied from loose to dense. 

The sandy clay and clayey sand glacial t i l l  varied f r o m  mediu~ t o  s t i f f ,  
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A l i t t l e  gravel was encountered in the glacial t i l l  and we anticipate 

some boulders and cobbles may also be present. 

The bedrock encountered on the s i t e  was limestone from the P la t t ev i f l e  

Formation Magnol i a and Hidden Fa1 1 s member. The core recovery i n  the 

area of borings 1 and 3 was extremely high. Core recoveries in boring 

11 were also quite good however boring 9 encountered limestone slabs 

above the limestone and based on the recovery, the limestone was more 

fractured and weathered. The recoveries generally increased w i t h  

depth. 

Ground water was encountered in the borings at  the time of the explora- 

t ion. The water level information i s  shown on the attached boring logs. 

Based on the available information, i t  i s  our judgement, that the actual 

s t a t i c  ground water level i s  at a depth of approximately 22 '  t o  2 7 '  be- 

1 ow existing grade based on our measurements and observation whi 1 e samp- 

ling. Drilling mud was used t o  advance the borings; therefore,  water 

level information was very d i f f i cu l t  t o  obtain. 

The ground water level can be expected to fluctuate both seasonally and 

yearly. 
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cast-in-pl ace concrete with a post-tensi oned s1 a b  system. Pref i m i  nary 

I plans call  for either usage of the en t i re  block or only a portion of the 

LABORATORY TESTS 

Two samples were selected for laboratory testing. The t e s t s  included 

determination of moisture, density and grain size distribution. The un-  

confined compressive strength was a1 so determined on two sandy clay 

samples. The results of the laboratory t e s t s  are shown on the boring 

logs opposite the samples from which the t e s t s  were performed or on the 

attached sheets. 

ENGINEERING R E V I E W  

Project Information 

The following data represents our understanding of the project. I t  corn- 
/ 

prises an important part of our engineering review. This project is  

currently in a prel iminary design stage. As more information becomes 

available, we request that you contact us for additional review of the 

foundat ion recomnendations. 

We understand t h a t  the proposed parking structure will be multi-story 

1 block. If the ent i re  block i s  used the parking structure would be on 

the order of three t o  f ive-stories.  If only a portion of the block is  

used, the number of stories could increase to  as many as nine. 

No information regarding structural loads were available at the time of 
C 

t h i s  report. Parking structures typically have large bay spacing and 

subsequently high loads. We estimate that maximum column loads could be 

as high as 100 kips per floor. 
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We have no informat ion regarding lower floor el evation. We understand 

tha t  no basement level parking i s  being planned. We estimate that f i r s t  

f 1 oor elevation wi 11 be at  approximately existing grade. 

Discussion 

A t  the time of th i s  preliminary exploration, we were not able to p u t  

down borings on the property i t s e l f .  I t  i s  important, to complete the 

so i l  exploration prior t o  making final foundation recomendations. We 

do not  anticipate the depth t o  bedrock will vary dramatically across the 

s i t e .  The depth and quality of f i l l  materials on the s i t e  may however 

vary. 

The f i  11 encountered on the s i t e  should not be re1 ied upon For support 

of the proposed parking structure, The f i l l  encountered in the borings 

was quite variable in density (based on N value) and should be 

considered compressible. 

Leaving the existing f i l l  in the floor slab area may be feasible,  pro- 

vided, some settlement of the lower floor ccn be tolerated. Estimating 

settlement in f i l l  i s  extremely d i f f icu l t  and will be mainly dependent 

on the exact soil  types and density encountered within the actual build- 

i n g  area. For preliminary purposes, we estimate that floor slab se t t le -  

ments could be on the order of 2". These settlements could be reduced by 

subcutting approximately 3 '  and  placing 3 '  of clean compacted -- sand 

d i rec t ly  under the floor slab. The clean sand would also reduce poten- 

t i a l  f rost  heave problems in the floor slab. 



Page 6 - #120-4204 

Several foundation alternatives have been reviewed for the proposed 

structure. These include an excavate and r e f i l l  program a n d  

conventional spread footing construction, excavate and refi  11  p l  us 

Vibroflotation, dri 11 ed pier foundations and pi 1 ing. A1 1 of the above 

procedures would be capable of providing support. The economics of one 

foundation system compared with others may vary with the s ize of the 

cot umn 1 oads. 

Based on our past experience with similar foundations and similar soil 

conditions, i t  i s  our judgement, that supporting the structure on a deep 

foundation system of ei ther  dr i l led piers or driven piling would be more 

economical than an excavate and ref i 11 procedure, provided some se t t  1 e- 

ment of the lower floor can be tolerated. 

Preliminary Recommendations 

The fof lowing recomnendat ions are prel iminary and should be reviewed by 

our off ice prior t o  f inalizing construction plans. 

Piles 

I t  i s  our judgement, that driven piles would provide satisfactory 

support for  the proposed parking structure. The 1 imestone encountered 

a t  a depth of approximately 30' below grade should provide excel1 ent 

p i l e  support. I t  i s  our judgement, that a 100 t o n  working load capacity 

pi le  could be attained on or within the upper few feet of limestone. - 

A 9 5/8" O.D. heavy wall pipe pile driven with an end plate and f i l led  

I w i t h  concrete should be capable of supporting up  to  100 tons per pile. 
I ~ 0 1 3 :  exfloaatlon 



Page 7 - #120-4204 

These piles are currently available a t  a moderately good price and in 

our opinion would be one of the most economical pile types. Other pi1 e 

types such as, H-piles and l ighter  wall pipe piles could be used if 

heavy wall pipe i s  not available. H-pile should have rock t ips .  

The piles should be driven with a hammer with a manufacturer's rated 

energy of greater t h a n  25000 f t - lbs .  A harmer of th i s  size should be 

capable of driving the piles t o  required bearing on the limestone. 

Testing to  establish a driving c r i t e r i a  and t h a t  a  100 ton working load 

capacity can be attained should be performed. I n  our opinion, the 

Case-Gob1 e Method of dynamic pi 1 e anal aysi s should provide enough infor- 

mation to  establish the driving c r i t e r i a  and verify the 100 t o n  working 

1 oad capacity. 

Drilled Piers 

A dri l led pier foundation would also be capable of supporting the pro- 

posed parking structure. The dr i l led  piers should be extended to the 

1 imestone. Based on the core recoveries, the limestone appears t o  be 

quite sound. Any loose slabs and weathered material should be removed 

and the pier should extend a minimum of 1 '  into the limestone. I t  i s  

our judgement, that the limestone would be capable of supporting loads 

of u p  t o  50 tons per square foot i f  observed and cored with a pneumatic 

d r i l l  t o  a minimum of 2 pier diameters. 
P 

SOIL E X P C I Q R ~ ~ I ~ ~  
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The dr i l led piers should have a minimum diameter of 36" t o  a1 1 ow proper 

observation of the bottom. The dr i l led piers should also be cased full 

depth during installation. The casings should be removed during con- 

crete  placement , always maintaining a positive head of concrete above 

SITE OBSERVATION AND TESTING 

The use of a pile foundation would require tes t ing such as the 

Case-Goble Method of dynamic pile analysis and also full-time pile ob- 

servation during the driving of production pi 1 es. 

REMARKS 

The dri 11 ed pier foundation would require full-time observation and 

close observation of the bottom of the shaft including coring t o  a 

minimum of 2 diameters. 

The above recomnendations for a pile foundation and dr i l led pier founda- 

t ion are preliminary. Based on our review, i t  i s  our judgement, t h a t  

the cost of these foundation types should be less than alternate types 

examined and a1 so should be very competitive. The size of the column 

loads may effect  the economics of the two systems s l ight ly and therefore 

once the column loads have been established our recornendations should 

be reviewed. 
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FIELD EXPLORATION METHODS 

Test Borings 

Four soil t e s t  borings (# I ,  3, 9 and 11 ) were p u t  down between the dates 

of February 6 and February 9, 1979. The borings were p u t  down at the 

locations shown on the attached sketch. The surface elevations were 

referenced t o  the top of hydrant located on the southeast corner of 4 t h  

Avenue and Washington. This elevation was taken as 829.54'. 

Sampl i ng 

Soil sampling was done in accordance with ASTM: D 1586-67. Using this  

procedure, a 2" O.D. sp l i t  barrel sampler i s  driven into the soil by a 

140 I b  weight fa l l ing  30". After an in i t i a l  set of 6", the number of 

blows required t o  drive the sampler an addition 12" i s  known as the 

penetration resistance or N value. The N value i s  an index of the re1 a- 

Live density of cohesionless so i l s  and the consistency of cohesive 

soi ls .  Rock core samples were obtained by rotary dr i l l ing  in accordance 

with ASTM: D 2113-70. 

Classification 

As the samples were obtained in the f ie ld ,  they were visually and manu- 

a l l y  c lassif ied by the crew chief in accordance with ASTM: D 2488-69. 

Representative portions of the samples were then returned t o  the labora- 

tory for further examination and for verification of the f ie ld  c lass i f i -  

cation. In addition, sefected samples were submitted to  a - program of - 
laboratory t e s t s ,  Logs of the borings indicating the depth and ident i -  
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f i c a t i o n  o f  t h e  va r i ous  s t r a t a ,  t h e  N value,  t h e  l a b o r a t o r y  t e s t  data, 

wa te r  l e v e l  i n f o rma t  i o n  and p e r t i n e n t  i n f o r m a t i o n  rega rd i ng  t he  method 

o f  m a i n t a i n i n g  and advancing t h e  d r i l l  ho les  are at tached. Char ts  i l l u -  

I s t r a t i n g  t h e  s o i l  c l a s s i f i c a t i o n  procedure, t h e  d e s c r i p t i v e  t e rm ina l  ogy 

and symbols used on t h e  b o r i n g  l o g s  are a l s o  at tached. 

LIMITATIONS OF EXPLORATION 

I The recornendat ions and/or suggest i o n s  con ta ined  i n  t h i s  r e p o r t  are  our 

I op in i ons  based on da ta  which a re  assumed t o  be r e p r e s e n t a t i v e  o f  t he  

I s i t e  explored, bu t  because t h e  area o f  t h e  bor ings  i n  r e l a t i o n  t o  t h e  

I e n t i r e  area i s  ve ry  small,  and f o r  o t h e r  reasons, we do not  warrant  

c o n d i t i o n s  below t h e  depths o f  ou r  bor ings ,  o r  t h a t  t h e  s t r a t a  logged 

from our  bo r i ngs  a re  n e c e s s a r i l y  t y p i c a l  o f  t h e  e n t i r e  s i t e .  

I hereby c e r t i f y  t h a t  t h i s  plan, spec i -  
f i c a t i o n ,  o r  r e p o r t  was prepared by  me 
o r  under my d i r e c t  supe rv i s i on  and t h a t  
I am a  d u l y  Reg is te red  P ro fess i ona l  
Eng ineer  under t he  laws o f  t h e  S ta te  of 

Da te  2 a 0 -79 Reg.No. 13180 



















SIEVE ANALYSIS TESTS 

p R O l ~ c ~  Municipal Parking Structure and MTt Facility DATE 
2-14-79 

I City o f  Minneapolis - P.O. #I0014 1 
REPORTED TO j o s  NO, 

120-4204 

1 I I I 

DEPTH (ft) 10-11 15- 16 

TYPE OF SAMPLE 
I 

CLASSIFICATION (ASTM: D 2487) SP -SM SP 
Symbol 

I I I 
Description Sand 1 Sand I 

MECHANICAL ANALYSIS: 

Dry Weight o f  Total Sample (grams) 183 171 

Based on Total Sample 

Based on-  4Materiai 

Sand - 96 



SYMBOL 
C.S. 
P.D. 
C.O. 
3% HSA 
4 FA 
6 FA 
2% C 
4 C 
D.M. 
J. W. 
H. A. 
NXC 
BXC 
AXC 

DRILLING & SAMPLING SYMBOLS 
DEFINITION 
Continuous Sampl ing 
2-3/8" Pipe Dr i l  l 
C leanout Tube 
3%'' I.D. Hollow Stem Auger 
4" Diameter Flight Auger 
6" Dlameter Fl ight Auger 
2%" Casing 
4" Casing 
Dr i l l  ing Mud 
Jet Water 
Hand Auger 
Size NX Casrng 
Size BX Castng 
S ~ z e  AX Casing 
2" O.D. Spl it Spoon Sample 
2" Thin Wall Tube Sample 
3" Thin Wall Tube Sample 

GENERAL NOTES 

SYMBOL 
W 
D 
LL, PL 

pq 
Ts 
G 
S L 
pH 
0 
M.A * 
C* 
Qc* 

LABORATORY TEST SYMBOLS 
DEFINITION 
Moisture content - percent of dry weight 
Dry density-pounds per cubic foot 
Liqutd and plastlc l imits determined In 
accordance with ASTM D 423 and D 424 
Unconfined compressive strength-pounds per 
square foot tn accordance wrth ASTM 02166-66 

Additional insertions in Qu column 

Penetrometer reading-tons/square foot 
Torvane reading-tons/square foot 
Spec~fic gravity - ASTM D 854-58 
Shrinkage l imit  - ASTM D 427-61 
Hydrogen ton content-meter method 
Organic content-cornbustlon method 
Graln stze analysrs 
One d imnslonai  consol~datton 
Trlaxta l compression 

*See attached data sheet and/ or graph 

WATER LEVEL 
SYMBOL -y 

Water levels shown on the boring logs are the levels measured in the borings at the time 
and under the conditions indicated. In sand, the indicated levels can be  considered 
reliable ground water levels. In clay soil, it i s  not possible t o  determine the ground 
water level wlthin the normal scope of a test boring investigation, except where lenses 
or layers of more pervious waterbearing soi l  are present and then a long period of tlme 
may be necessary to reach equilibrium. Therefore, the position of the water level symbol 
for coheslve or mixed texture soi ls  may not indicate the true level of the ground water 
table. The ava i lable water level information IS given a t  the bottom of the log sheet. 

DESCRIPTIVE TERMINOLOGY 

DENSITY 
TERM "N" VALUE 

Very loose 0-4 
Loose 5-8 
Med ium Dense 9-1 5 
Dense 16-30 
Very Dense Over 30 

CONSISTENCY 
TERM "N" VALUE 

Soft 0-4 
Med I urn 5-8 
Rather Stiff 9-1 5 
Stiff 16-30 
Very Stiff Over 30 

L--- 
Standard "N" Penetration: Blows per foot of a 140 pound hammer fallrng 30 Inches on a 2 inch OD spl i t  spoon. 

RELATIVE PROPORTIONS 
TERM RANGE 
Trace 0-5% 
A Ltt t le 5-1 5% 
Some 15-30% 
Wlth 30-50% 

PARTICLE SIZES 
Boulders Over 3" 
Gravel 

Coarse 34/4".3u 
Ftne ~ l 4 - ~ 4 ' '  

Sand 
Coarse f 4-81 0 
Medf um #lo-840 
Fine #40-#200 

Si l t  and Clay Determrned by p last~cr ty  
Character~stics 

Note: Sieve sizes shown are U.S. Standard 



CLASSIFICATION OF SOILS FOR ENGINEERING PURPOSES 
ASTM Designation: D 2487 - 69 AND D 2488 - 69 

(Unified Soil Classification System) 

lnorganic si Its, very fine 
ML sands, rock flour, s i l ty  or 

clayey fine sands 

Inorganic clays of low to 
med~um p l a s t ~ c ~ t y ,  gravelly 

CL clays, sandy clays, s ~ l n /  
clays, lean clays 

Organic s i l t s  and organic 
s i l t y  clays of low plasticity 

Inorganic SI Its, micaceous 
or diatomaceous fine sands 
or si l ts,  elastic si I ts  

l n o r g a n i c  clays of high 
plasticity, fat clays 

Organic clays of medium to 
high plasticity 

Plasticity Chart 

r e a  are b o r d e r l i n e  
t ions requiring use of 

0 10 20 30 40 50 60 70 80 90 100 




