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Dear Mr. Delaney:

We have finalized subsurface exploration and geotechrücal engineering evaluation for the
proposed LaSalle/Hubbard development in Chicago, Illinois. This work is based on our
proposal to you dated November 8, 1999. This report presents the results of our field and
laboratory testing programs and provides recommendations concerning soil and
groundwater characteristics as they relate to the proposed construction. Three vane shear
test holes were performed in January, 2001 and our original report has been updated with
these test results as well as the addition of basement construction and earth retention
recommendations.

If there are any questions regarding the information contained in this report or if we may
be of further service to you, please do not hesitate to contact us.
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AndrewJ. P.E.
Project Engineer
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SUBSURFACE EXPLORATION AND GEOTECHNICAL

ENGINEERING EVALUATION

PROPOSED LASALLE & HUBBARD SITE DEVELOPMENT

CHICAGO, ILLINOIS

10 PROJECT OVERVIEW

1.1 Frcjct PscrpII,Qn

We understand that the existing parking lot located on the southwest corner of LaSalle

Street and Hubbard Street in Chicago, Illinois is being considered for development. The

proposed development will consist of 50-story residential structure with no basement and a

nine to ten story parking garage having a ground level at-grade. Column loads ranging

from 1,200 to 2,400 kips are anticipated for the parking garage and 2,200 to 4,000 for the

high-rise.

1.2 ç2pof Work

The scope of work for this project consisted of performing eleven 11 soil borings over the

site. These borings were performed to depths of 100 to 126 below the existing grade. Insitu

pressuremeter testing was also performed at three 3 soil boring locations. Laboratory

tests were conducted to determine engineering characteristics of the soils encountered at

the boring locations, and the geotechnical evaluation of the site was performed based on

the data gathered. This report describes the results of our current field exploration and

laboratory testing program and contains geotechnical recommendations related to the

design and construction of the foundations for the proposed construction.
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2.0 EXPLORATION PROCEDURES

2.1 Subsj4ace Exploration

Eleven 11 soil borings, ranging in depth from 100 to 126 feet below the existing grade,

were performed. The soil boring locations were provided by the design team and located

in the field by STS and are indicated on the attached boring location diagram. Boring B-3

was located by STS approximately 5 feet outside the proposed building footprint. We

consider the location adequate to encompass the soils in this north east area of the proposed

high rise. The ground surface elevations at the boring locations were referenced from the

top of curb at the southwest corner of LaSalle and Hubbard reference elevation +13.6 feet

City of Chicago Datum CCD. The locations of the borings are displayed on Figure 2.

The drilling program was performed on site between January 6th to January 25th The soil

borings were performed by augering methods through the existing fill and then continued

with rotary methods. Representative soil samples were obtained in the borings using split

spoon and Shelby tube sampling procedures performed in general conformance with

ASTM Standards D-1586 and D-1587. In addition, pressuremeter testing was conducted at

three 3 of the boring locations. A summary of this data can be found in the Attachments

along copies of the applicable ASTM Standards.

A field log, recording observed soil conditions, groundwater conditions, and drilling

procedures was maintained by the drill crew. All soil samples obtained from the drilling

operations were sealed immediately in the field and taken to our laboratory for further

examination and testing. Observations of water levels encountered in the boring both

during and upon completion of the drilling and sampling operations are noted on the

representative soil boring logs. The boreholes were backfilled with tremied cement grout

after completion of the drilling operations.

2 K:proj30852R1852002.doc
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2.2 Laboratory Testing Procedures

The laboratory testing program for this project consisted of visual classification and water

content testing of all samples and hand penetrometer testing on cohesive samples. in the

hand penetrometer test, the unconfined compressive strength of the soil, to a maximum

value of 7.0 tons per square foot tsf is estimated by measuring the resistance of the soil

sample to penetration of a small, spring calibrated cylinder. The results of the laboratory

tests are noted on the soil boring logs in the Attachments.

In conjunction with the laboratory testing, the soil samples were examined and visually

classified by a geotechnical engineer on the basis of texture and plasticity in accordance

with the Unified Soil Classification System. Soil descriptions on the boring logs are in

general conformance with this system, and the estimated group symbols according to the

system are included in parentheses following the soil descriptions on the boring logs. A

brief explanation of the Unified Soil Classification System is included in the Attachments.

The procedures used in preparing the final boring logs from field logs and laboratory test

data are described on the sheets entitled "STS Field and Laboratory Procedures", which are

included in the Attachments. All soil samples recovered in the borings will be retained at

our Vernon Hill, Illinois laboratory for a period of 60 days, after which they will be

discarded unless other specific instructions as to their disposition are received.

2.3 Speciai Testing

In addition to the routine sampling and testing, Menard Pressuremeter tests was performed

at Borings B-i, B-5 and B-10.

3 K:proj30852R1852002.doc
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Pressuremeter results in this hard, very silty clay to clayey silt stratum indicated that the limit

pressures, P1. ranged from 27.5 to 35.9 tons per square foot tsf and the elastic modulus, Ed,

ranged from 194 to 1161 tsf. The creep pressures, F1, ranged from 14.0 to 37.0 tsf. A summary

of the pressuremeter tests is presented in the Appendix.

In addition, three 3 vane shear test borings VS#1, VS#2, and VS#3 were performed in

January of 2001 from depths ranging from 24 to 49 feet below existing grade. Peak

undrained shear strengths ranged from 500 to 1,675 pounds per square foot psf. A

summary of the vane shear testing results is presented in the Appendix.

4 K:proj30852R1852002.doc
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3.0 EXPLORATION RESULTS

3.1 Site Conditions

The site is located on the southwest corner of the intersection of LaSalle and Hubbard

Streets in Chicago, Illinois. The site is currently an at-grade asphalt parking lot.

3.2 Soil Conditions

Based on results of the eleven 11 soil borings completed for this project, the following

subsurface profile is presented. A description of each general soil unit has been identified

and is described below.

Miscellaneous Fill - Urban fill was encountered at the boring locations to depths ranging

from 9.5 to 15 feet at the boring locations. The fill consists of urban fill consisted of sand,

gravel, cinders, brick, concrete, and miscellaneous fill containing some organic material.

The relative density of the fill was generally loose to medium dense. A strong petroleum

odor was noted near the bottom of the fill at boring B-10.

Very Siift stiff clay - Below the urban fill to a depth of approximately 15 to 20 feet,

brown and gray to brown silty clay CL with trace amounts of shale was encountered at

the boring locations. The consistency of the silty clay was generally from very stiff to stiff.

Soft to Stiff Silty Clay -Below the very stiff clay to a depth of approximately 55 to 60 feet,

gray silty clay CL with trace amounts of shale was encountered at the boring locations.

The consistency of the silty clay was generally from soft to stiff. Peak, undrained shear

strengths in this stratum, as measured by insitu vane shear testing, ranged from 500 to 1675

5 K:proj30852R1852002.doc
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pounds per square foot. A summary of these vane shear results can be found in the

Appendix.

Stiff 0 Very Stiff SIlty Cjy - Underlying the soft to stiff silty clay, to a depth of

approximately 82 to 85 feet, gray silty clay CL with trace amounts of shale was

encountered at the boring locations. The consistency of the silty clay was generally from

stiff to very stiff. Note that a water bearing, granular layer was encountered at the bottom

of this layer at borings B-5 , B-6 and B-?.

Hard Silty Clay to Clayey Silt with Occasional Waterbearing Sand and Silt Seams -

Underlying the very stiff silty clay, to depths of approximately 102 feet, gray silty clay CL

to clayey silt CL-ML with trace amounts of shale was encountered at all boring locations.

The consistency of this stratum was very stiff to very hard. Experience in the downtown

area and the measured water contents indicate the soil stratum typically considered

"hardpan" in the downtown Chicago area. Occasional waterbearing sand and silt seams,

cobbles and boulders are usually present in this stratum. Note that at borings B-3, B-10 and

B-il, a water bearing silt ML stratum was encountered in this stratum at a depth of

approximately 88 feet.

Pressuremeter results in this hard, very silty clay to clayey silt stratum indicated that the limit

pressures, P1, ranged from 27.5 to 35.9 tons per square foot tsf and the elastic modulus, Ed,

ranged from 194 to 1161 tsf. The creep pressures, PfI ranged from 14.0 to 37.0 tsf. A summary

of the pressuremeter tests is presented in the Appendix.

Extreme1yiTIse Silt with Occasional Waterbearing Sand Seams - Underlying the hardpan,

to the top of bedrock at an approximate depth of approximately 124 feet, gray, water

bearing silt ML to clayey silt CL-ML with trace amounts of shale was encountered at all

boring locations. The consistency of this stratum was extremely dense.

6 K:proj30852R1852002.doc
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The geologic profile described above generally represents the conditions encountered in the

soil borings performed. Some variations in the descriptions should be expected. A

geotechnical engineer grouped the various soil types in the major zones noted on the boring

logs. The stratification lines designating the interfaces between earth materials shown on

the boring logs and profiles are approximate; in-situ, the transition may be gradual. Results

of the borings are in general agreement with previous explorations completed by STS

Consultants, Ltd. in the immediate vicinity. However, variations from the above general

conditions may occur.

3.3 fjgciwater Conditions

Groundwater was encountered during our drilling exploration at a depth of approximately

12 to 14 feet during drilling. For foundation design purposes, that water table can be

assumed to be at +3 feet CCD. The nearby Chicago river level typically is at elevations

between +0 to +3 feet CCD.

7 K:proj30852R1852002.doc
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4.0 ANALYSIS AND RECOMMENDATIONS

4.1 Caisson Foundations

For the proposed fifty story building and nine to ten story parking garage, we recommend

that the proposed structures be supported on drilled caisson foundations based on the

available soil and structural information. For caissons supported on the hard, very silty

clay to clayey silt hardpan at approximately 83 feet below existing grade approximate

elevation -67 feet CCD, we recommend a maximum net allowable soil bearing pressure not

to exceed 30,000 pounds per square foot psO. The maximum net allowable soil bearing

pressure is that pressure which may be transmitted to the foundation soil in excess of the

final minimum surrounding overburden pressure. The bases of the foundations should be

enlarged by belling to achieve the required bearing area. Belling should be feasible in the

very stiff silty clay soils which overlie the recommended soil bearing layer.

We caution against excavating below a depth of 88 feet approximate elevation -72 feet

CCD in the areas near Borings B-3, B-10 and B-il because of potential water blow-in

problems due to underlying occasional saturated silt and silty sand strata.

Also note that at Boring B-5, B-6 and B-7, a thin, saturated granular stratum was

encountered immediately above the hardpan stratum. The contractor should be prepared

with enough casing to penetrate and case through this saturated granular material if

necessary and bell below the casing. Alternatively, the grout bell technique could be

utilized to seal off this layer and permit excavation the next day partially through the grout

bell and partially below.

Based on our borings, it appears that these saturated strata are not interconnected and are

only expected in isolated caisson excavation instances during excavation.

8 K:proj30852R1852002.doc
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Based on the estimated bearing pressures, the consistency of the soils encountered and the

magnitude of the loads expected, we estimate a maximum settlement in the range of 0.9 to

1.1 inches for belied caisson foundations supported on the hard silty clay or clayey silt

hardpan layer described above for a maximum estimated loading of 2,400 to 4,000 kips for

the parking garage and high rise, respectively. Differential settlements would be

dependent on the adjacent loads but is typically 1/2 to 2/3 of the total settlement. It should

be noted that these settlement values are for soil compression only and that elastic

compression of the caisson concrete should be added to these values.

To prevent the surface soils from sloughing into the caisson shaft and water inflow from the

shallow water table, we recommend that a temporary steel casing be employed at the

surface during construction. The top temporary casing should be extended to a minimum

of 2 feet into the underlying clay to effect a seal against groundwater.

We recommend that caisson construction begin in the interior of the site to determine if

caisson shaft squeeze may be a problem. Soft silty clay deposits having significant moisture

contents >25% are present from 15 to 30 feet below grade; however, unconfined strengths

at these depths indicate a moderate strength of the clay. Based on the results of our insitu

vane shear testing, the potential for squeeze of these deposits into the caisson shaft during

construction considered low and extended temporary steel casing is not considered

necessary.

A minimum caisson shaft diameter of 2 1/2 feet is recommended. The caisson bell should

have a base angle of at least 60 degrees from horizontal and the bell diameter should not

exceed 3 times the shaft diameter. Caisson concrete may be placed by the free fall method

into the clean and dry shaft excavations as long as concrete does not hit the sides of the

9 K:proj30852R1852002.doc
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shaft or the rebar cage during placement. Concrete slump should be in the range of 5 to 7

inches.

Because the caisson technician will likely not be lowered into the excavation to observe the

base of the caisson excavation directly due to safety concerns, it will be necessary to

oversize the bell area by 15% or 1 foot, whichever is smaller. Alternatively, if it proves

more economical, a camera could be lowered into the bell after final cleanup to verify that

the bell is suitably free of loose material and the oversize eliminated.

We strongly recommend that an experienced soil engineer be present during all phases of

caisson construction to observe that the excavations have reached a suitable bearing

stratum as recommended in the design.

The caisson design and construction procedures should be reviewed with the contractor

selected for this work prior to the start of construction. i you wish, we would be pleased to

review the plans and specifications for the foundation work once they are prepared so that

we may have the opportunity to comment on the effects of the soil and groundwater

conditions on the site.

4.2 Lateral Load Design

For lateral load analysis on the caissons, the following horizontal subgrade resistance

profile may be utilized for design.

10 K:proj30852R1852002doc



Interparking Corporation
do Carl Walker, Inc.
STS Project No. 30852
February 4, 2000
Updated January 25, 2001

Lateral Modulus of Subgrade Reaction Profile Ks
Depth ft tsf/ft*

Oto-12 15

-l2to-15 40

-l5to-55 15

-60 to -82 60

-82to-102 150

*Assujg a 4 foot diameter caisson shaft is used.

Assuming that the backfill behind the foundation walls and grade beams is comprised of a

well-graded sand and gravel IDOT CA-6 or equivalent, compacted in 9" maximum loose

lifts to a minimum of 90 percent of the maximum dry density modified as per ASTM D

1557, a friction factor tan of 0.35 can be utilized along the exterior formed

concrete/backfill interface. This assumes a friction angle of 35° and an at-rest earth

pressure coefficient K0 of 0.5.

The long-term passive pressure coefficient Kp recommended for design is 2.0 behind

grade beams and foundation walls against compacted granular backfffl. Note that these

passive pressures have a factor of safety of 1.5 to limit movements to less than 1/2 inch.

4.3 ExcaytiOfl Support System

We anticipate that an excavation support system will be required to facilitate basement

excavation along Hubbard and LaSalle Streets. Interlocking sheetpile walls are typically

used downtown for earth retention for one to two level basement excavations. Interlocking

sheet piles will minimize groundwater infiltration into the excavation. The excavation

support system should be designed for lateral earth pressures, hydrostatic pressures, traffic

11 K:proj30852R1852002.doc
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loads, and surcharge loads within a 1:1 H:V zone from the base of the excavation. In order

to minimize lateral movements of the system, we recommend that the system be adequately

braced and streets be underpinned as needed. The retention system should be designed by

an Illinois Registered Structural Engineer. For permanent waIl design, we recommend an at-

rest lateral earth pressure of 45 psf per foot of wall depth and 85 psf per foot of wall depth to

be used for calculations above and below the water table, respectively.

To minimize groundwater infiltration into the excavation and to help prevent groundwater

from entering the basement area, we recommend that the sheeting be socketed at least two

feet into the underlying silty clay below. This should cut off the majority of any perched

groundwater infiltration and therefore should provide relatively dry working conditions and

a relatively dry basement. However, deeper embedment depths may be required based on

the structural design.

For areas where open-cut excavation are used, we recommend that cut slopes be no steeper

than 1.5 Horizontal to 1.0 Vertical above the water table.

4.4 nent Construction

The basement floor slab subgrade will be situated on the natural, gray, soft to stiff, silty clay

CL observed at depths of 11 to 14 feet below existing grade. The slab subgrade should be

undercut by a minimum of 18 inches to permit placement of a 10 inch working mat of

crushed concrete or CA-6 crushed stone compacted to a minimum of 90% of the maximum

dry density obtained in accordance with ASTM D-1557 modified Proctor method. An 8

inch drainage layer of CA-7 grade stone should be placed over the working mat and drain

lines placed on 50 foot centers connected to a sump pit and pump system to carry off any

small seepage coming through the clay. We recommend that an STS geotechnical engineer

12 K:proj30852R1852002.doc
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or qualified representative observe the basement slab excavation of subgrade soils and

compaction of structural fill.

For the drained case, there are two approaches to the basement wall design consisting of

either waterproofing and designing for maximum exterior water table pressure, or external

perimeter drainage and only damp-proofing of the wall.

A perimeter drainage system should be used which would consist of a perforated or porous

wall drain tile installed outside the basement. The drain tile should be surrounded with a

minimum of 6 inches of granular filter material which is compatible with the size of the

openings in the drain lines and surrounding soils. The drain tile should outlet into a sump

pit equipped with an automatic pump to remove collected water.

The zone adjacent to the basement walls should be backfilled with a minimum 2 feet wide

zone of free draining granular material less than 3% by weight passing the No. 200 sieve

to prevent the buildup of hydrostatic pressure behind the wall. Above this free-draining

material, a 2 feet thick clay fill should be compacted at the surface to prevent surface water

infiltration. The clay fill should be compacted to a minimum of 90% of the maximum dry

density obtained in accordance with ASTM D-1557 modified Proctor method.

Assuming that a perimeter drainage system has been utilized, we recommend that

basement walls be designed for a lateral earth pressure of 45 psf per foot depth of wall.

If the proposed perimeter basement walls will be constructed directly against the

excavation support system so that an external perimeter drainage is not practical, the walls

should be designed to resist the full lateral earth pressures, external water pressure traffic

loads, and surcharge loads lying within a 1:1 H:V zone from the base of the foundation

13 K:proj30852R1852002.doc
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wall. Basement walls should be damp proofed above the maximum assumed water table

and waterproofed below.

The proposed elevator pit slab that is well below the drainage system should be

waterproofed and designed to resist the maximum hydrostatic uplift pressure up to the

level of the slab drainage layer.

Slab reinforcement and joint spacing should be carefully considered to control random

cracking due to slab shrinkage. Slabs should be isolated from the foundations to allow

differential movements to take place between the slab and walls.

4.5 Slab-on-Grade and New Pavement Areas

For slab-on-grade and pavement areas of the site, after removal of any surficial vegetation

and topsoil or pavement surface, we recommend that the subgrade be proof-rolled with a

loaded semi-trailer or a heavy piece of construction equipment to delineate an soft, yielding

areas. These soft, yielding areas if any should be removed and replaced with structural fill

to the depth encountered or a maximum additional depth of 1.5 feet.

New fill for slab-on-grade should be an approved, inorganic material: This material should

be free of organic matter, topsoil, high moisture content clay and debris. New fill should be

placed in maximum 9-inch-thick loose lifts and compacted to a minimum of 90 percent of

maximum dry density as determined by ASTM Specification D1557, Modified Proctor

method. Where pavement areas are to be utilized by truck traffic or in slab-on-grade areas

which will support loads in excess of 500 psf, heavy concentrated loads or masonry partition

walls, the fill should be compacted to a minimum of 95% of the dry density referenced above.

Periodic density testing should be performed on any ff1 in order to document that density

requirements have been met.

14 K:proj30852R1852002.doc
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Floor slabs should be isolated from foundations to permit relative displacement without

cracking. Slabs should also be provided with adequate reinforcing and jointing to control

minor slab cracking.

4.6 Excaytion of Existing Foundations

We recommend that an attempt be made to obtain drawings of any existing structures

previously onsite to determine conflicts that may occur between existing buried

foundations and new proposed foundations and caisson excavations.

4.7 Construction Considerations

All excavation sides should be constructed such that they provide a safe, stable excavation.

OSHA regulations regarding excavations should be followed. Care should be exercised

when excavating adjacent to existing structures to prevent loss of support.

All soils which become softened or loosened at the base of subgrade areas should be

carefully recompacted or removed prior to placement fill material. No structural fill should

be placed in areas of ponded water or frozen soil.

It is recommended that all foundation subgrade soils be observed by an experienced

geotechnical engineer or his field representative prior to placement of concrete n order to

confirm that the soil conditions are consistent with the design assumptions and

recommendations contained in this report. Periodic density testing should be performed

on any fill in order to document that density requirements have been met.

15 K:proj30852R1852002.doc
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4.8 General qualifications

General Qualifications applicable to subsurface exploration, earthwork, construction, and

the recommendations contained in this report are a part of this report and are attached.

16 K:proj30852R1852002.doc
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STS Changed Conditions Clause

STS CONSULTANTS, LTD.

The following Is a suggested standard clause for unanticipated subsurface conditions:

"The owner has had a subsurface exploration performed by a foundation consultant, the
results of which are contained in the consultant’s report. The consultant’s report presents
his conclusions on the subsurface conditions based on his interpretation of the data obtained
in the exploration. The contractor acknowledges that he has reviewed the consultant’s report
and any addenda thereto, and that his bid for earthwork operations is based on the subsur
face conditions, as described In that report. It is recognized that a. subsurface exploration
may not disclose all conditions as they actually exist and further, conditions may change,
particularly groundwater conditions, between the time of subsurface exploration and the
time of earthwork operations. In recognition of these facts, this clause Is entered In the con
tract to provide a means of equitable additional compensation for the contractor if adverse
unanticipated conditions are encountered and to provide a means of rebate to the owner if the
conditions are more favorable than anticipated.

At any time during earthwork, paving and foundation construction operations that the con
tractor encounters conditions that are different than those anticipated by the foundationcon
sultant’s report, he shall immediately withIn 24 hours bring this fact to the owner’s atten
tion. If the owner’s representative on the construction site observes subsurface conditions
which are different than those anticipated by the foundation consultant’s report, he shall un
mediately withIn 24 hours bring this fact to the contractor’s attention. Once a fact of wian
ticipated conditions has been brought to the attention of either the owner or the contractor,
and the consultant has concurred, Immediate negotiations will be undertaken between the
owner and the contractor to arrive at a change in contract price for additional work or reduc
tion lit work because of the unanticipated conditions. The contractor agrees that the follow
Ing unit prices would apply for additional or reduced work under the contract. For changed
conditions for which unit prices are not provided, the additional work shall be paid for on a
time and material basis."

Another example of a changed conditions clause can be found In paper No. 4035 by Robert F.
Borg, published in ASCE Construction Division Journal, No. 002, September 1964, page 37.
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SOIL BORING LOCAT1ON DIAGRAM
LaSALLE/HUBBARD DEVELOPMENT
SWC LOSALLE & HUBBARD STREETS

CHICAGO, ILLINOIS

1
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w
0

z
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w
0

z
C

I



‘4"

I M LaSalle/Hubbard Development
LOCATION
SWC LaSalle & Hubbard Streets; Chicago, IL

Steel obstruction encountered at 7.5 ft. Boring offset 5 ft. east.

Concrete obstructions encountered from 7.5-12.5 ft.

continued



Interparking
PROJECT NAME
LaSalle/Hubbard Development

SWC LaSalte & Hubbard Streets; Chicaqo, IL

PLASI1C WATER UOUID
LIMJT S CONTENT S UUJT S
>E- - -e - -

10 20 30 40 50

TONFT
2

STANDARD
PENETRATiON ØLOWSIFT.

20

continued



°ONS/FT.
1 2

Pressuremeter Test at 82.5-85 ft.

Pressuremeter Test at 87.5-90 ft.

Pressuremeter Test at 92.5-95 ft.

Boring
Borehole grouted upon completion
Casing used: 20 ft. of 4 in.
Automatic-Mobile Hammer used for Standard Penetration Tests.
S5 = SPT value based on first 6 in.

Pt.AS11C WATER LIQUID
LIMIT% CONTENI% UMIT%
x-. - -e - -

10 20 30 40

STANDARD
1 PENETRATION ØLOWSIFT.
10 20 30



LaSalle/Hubbard

SWC LaSaHe & Hubbard Streets; TONST
1 2

PLASTIC WATER UOUID
LiMITS CONTENTS LIMITSx-- -o --

10 20 30 40 50
-_,- I t *. -.

STANDARD
fi PENETRATiON BLOWS/FT.
10 20

- - continued



TONS,T
1 2

P1.ASflC WATER liQUID
LIMITS CONTENT S LIMITS
>- - -* - -

10 20 30 40 50

STANDARD
PENETBATKN Ø1OWSFT.



I.
0

‘I,

a
C,

-J

C,

0

‘1 I
A*

Dli .

OWNER LOG OF BORING NUMBER 8-2
Interparking
PROJECT NAME ARCHITECT-ENGINEER
LaSaUelHubbard Development

SITE LOCATION
SWCLaSaHe & Hubbard Streets; Chicago, IL

-.

UNC0NFINED COMPRESSIVE STRENGTH
TNS/FT2

4 $

w

E .
-.- 0 "-

Ui

19A ST

DESCRIPTION OF MATERIAL

PLASTIC WATER LIQUID
LIMITS CONTENTS LIMITS

- - * - A
1 : 50

STANDARD

- - -

- -
.- * *

- -
* *

SURFACE ELEVATION +14.1 CCD Continued
Silty clay, trace sand and shale - gray - medium CH
Clayey silt to silt, trace gravel and sand - gray - hard - moist
CL-ML to ML

2fl I I I
Q’ I J. I Very silty clay, trace gravel, sand and shale - gray hard CL to

RB CL-ML .

I

- -J - - - - -
* Cal brated enetr meter

RB

O.u
r

RB

ati
RB

b.U
J1

1vu.U

RB

2 I I
100.5 End of Boring

Borehole grouted upon completion.
Casing used: 20 ft. of 4 in.
Automatic-Mobile Hammer used for Standard Penetration Tests.
SS SPT value based on first 6 in.

The stratification lines represent the approximate boundary lines between soil types: in situ, the transition may be gradual.

7.0 ft. WD
STARTED STS OFFICE Chicago Area -01

WI BORIHO COMPLETED ENTERED 8Y SHEET NO. OF
22.0 ft. 8CR; 22.0 ft. ACR 1110100 KKB 3 3

WI RIG/FOREMAN APPD BY STS JOB NO.
Mobile 8-61/Baker AJP 30852

76

75I6

7+
0

*



LaSalle/Hubbard
SITE LOCATiON
SWC LaSaHe & Hubbard Streets;

PLASTiC WATER UO$D
LIMIT% CONTENT% LIMIT%

10 20 30 40 50

STANOARD
PENETRATiON BLOWS/fl.

continued



LaSaIe/Hubbard

SWC LaSalle & Hubbard Streets;



OWNER j LOG OF BORING NUMBER B-3
Interparking
PROJECT NAME I ARCHITECT-ENGINEER

DIEcts
‘ LaSalle/Hubbard Development I

SITE LOCATION JONCONFINED COMPRESSIVE STRENGTH
‘.‘ ToNsnr.SWCLaSaIIe & Hubbard Streets; Chicago, IL 1 2 3 4 5

S 4

E
E

<J
W

a

19

w

Ui

w
0

-

MW

DESCRIPTION OF MATERIAL

4..0

PlASTIC WATER UQUID
LIMIT % CONTENT % UNIT %

- - 0- - -

I
STANDARD

m20 o4O r,
, -

-

I *

.-.---*

SURFACE ELEVATION +14.2 CCD Continued
Ciayey silt - gray - hard to stiff - wet CL-ML to ML

Silty clay, trace gravel, sand and shale - gray - hard CL-

RB
_u

E I!
RB 1
i Ii

.

RB - Sandy silt, trace gravel - gray - extremely dense - saturated ML

Very silty clay, trace gravel, sar.d and shale - gray - hard CL to P- - - - -

RB CL-ML

End of Boring *Cal brated enetr meter

i
RB

i-00.0

RB

1U1_
;
- I I

Borehole grouted upon completion.
Casing used: 20 ft. of 4 in.
Automatic-Mobile Hammer used for Standard Penetration Tests.
SS SPT value based on first 6 in.

The stratification lines represent the approximate boundary lines between soil types: in situ, the transition may be gradual.

WI I BORING STARTED I STS OFFICE Chicago Area -0112.Ott.WD I 1/600
WI I BORING COMPLETED I ENTERED BY I SHEET NO. OF

24.0 ft. 8CR; 24.0 ft. ACR I 1/6/00 I KKB 3 3
Wi. I RIG/FOREMAN I APP’D BY STS .105 NO.

I Mobile 8-61/Baker AJP I 30852

7+
*

C
44,
4-
‘I,

a.
04

0
C.,

4

C



II

LaSallelHubbard

SWC LaSalle & Hubbard Streets;

continued



TONS/FT.
1 2

WATER LIQUID
cONTENT % LIMIT S

- -. - -

20 30 40 50

STANDARD
PENETRATION BLOWS/IT.

continued



LaSafte/Hubbard
SITE LOCATION
SWC LaSalle & Hubbard Streets; *°TONStFT.

1 2 3 4

ACE ELEVATION +15.6 CCD
clay, trace gravel, sand ar

Sample 19 - disturbed sample.

WATER LIQUID
CONTENT% UMIT%--e--

20 30 40 50

STANDARD
PENETRATION BLOWS/FT.

Boulder obstruction encountered 91-91.5 and 96.5-97.

Borehole grouted upon completion.
Casing used: 16 ft. of 4 in.
Automatic-Mobile Hammer used for Standard Penetration Tests.
SS SPT value based on first 6 in.

7+

71OI6

:0/6

75/6’
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0
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0

0
0
-J

0

0en

OWNER LOG OF BORING NUMBER Ø5

Interparking I

PROJECT NAME I ARCHITECT-ENGINEER
LaSalle/Hubbard Development -

LOCATION jUNCONFINE0 COMPRESSIVE STRENGTh
‘-‘ TONS/Fr?SWCLaSaIIe & Hubbard Streets; Chicago, IL 1 2 3 4 5

- - 1 I -4 I I

w PtASTIC WATER UOUIO
UMR S CONTENTS uurr s

W DESCRIPTION OF MATERIAL - -

Z 10 20 30 40 50
U U W
- .J J> 0 STANDARDt:0. 0. 0.0

. <wte SURFACE ELEVATION +14.1 CCC z fi PENETRATiON BLOWS/FT.
10 20 30 40 50

PA
-

ss I
Asphalt 3 in. and base course 9 in.
Miscettaneous urban fill: Brick, cinders, sand, gravel, clay, wood,
crushed Concrete and stag.

Silty clay, trace gravel and sand - brownish gray - very stiff CL

-

9

fi

1

.

-

*‘I
/

,

14/9

-

15/6

- -

ii
i

I
[‘

PA

i I
PA

- -

5 SS
- -

- r

II-
-

-

113
*

/

0
*6 ST I

RB

[

Silty clay, trace gravel, sand and shale - gray - medium to stiff CL

continued

98

* Cat

*

.

rated ‘enetr

-

I
I

I
I

I
I
a

I
I
I

I
l
II
meter

.- -

.. -.

RB

RB

SHEET NO OFThe stratitication tines represent the approximate bounłory knes between Soil types: In situ, the transition may be gradual. STS .108 NO.
30852 1 1 4



OWNER I LOG OF BORING NUMBER B-5
Interparking I
PROJECT NAME I ARCHITECT-ENGINEER
LaSalie/Hubbard Development

ç’1.UNCONFINEO COMPRESSIVE STRENGTH
‘-‘ TONS/FT.Hubbard Streets; Chicago, IL 1 2 3 4 $

1 I I I I

PLASTIC WATER LIQUID
LIMITS CONTENTS UMJT%

DESCRIPTION OF MATERIAL - - - -

10 20 30 40 50
1ot STANDARD
fi PENETRATION BLOWS/FT.SURFACE ELEVATION +14.1 CCD Continued -J 1

Silty clay, trace gravel, sand and shale - gray - medium to stiff CL - - - -

I
I

SITE LOCATION
SWCLaSaIIe &

-

E

>
uJ
0 w

J

0
2
w
I
C.

*co

:
I-Or
w wW
-J
C. &O

<
C

to

J

J
45.0

RB

I
I

IbyO

I 0

I
1

-U

RB

I

I1
I

bU.U .

11 ST
J

Silty clay, trace gravel, sand and shale - gray - very stiff to hard
CL *

I
/

‘

f
I
I
I
2

/_/

"""

,/
/7

bbO

-

RB

-

-

I
-T I

RB

-

-nj-p

IbU

RB

I14 ST
II__

bU.U

RB

.

continued * Cal rated ‘enetr

L
meter

""N

Z -______________ - = = =
*

- T’ JOB NO.
[SHEET

NO. OpThe stratitication tines represent the approxImate boundary lines between soil types: in Situ, the transition may be graduat. I 30852 2 4

I-
0C,
U
IIt

0.
C,
CM
U,a
0
C"

C,
0

7+



LaSalle/Hubbard

SWC LaSalle & Hubbard Streets; Chicago, IL TONS’FT
1 2 3 4 5
- - I I -

PLASTIC WATER UOUID
LIMIT % CONTENT % LIMIT %x- -e - -

10 20 30 40 50
-4-- I I I

STANDARD
fi PENETRATION BLOWSIT,

Pressuremeter Test at 82.5-85 ft.

Pressuremeter Test at 87.5-90 ft.

Pressuremeter Test at 92.5-95 ft.

Pressuremeter Test at 100-102.5 ft.

saturated CL-ML to ML

7+

76

75/6

7+0I6

7+
0

37/6

74W6I

continued



LaSafle/Hubbard

of
Borehole grouted upon completion.
Casing used: 20 ft. of 4 in.
Automatic-Mobile Hammer used for Standard Penetration Tests.
SS SPT value based on first 6 in.

I SITE LOCATION
SWC LaSalle & Hubbard Streets;



LaSafle/Hubbard

SWC LaSalte & Hubbard Streets

PLASTIC WATER LIQUID
LIMITS CONTENTS LIMITS

10 20 30 40 50
I I - -
STANDARD
PENETRATION BLOWS’T.

crushed concrete and slag.

86.2

continued



LaSattelHubbard

SWC LaSalle & Hubbard Streets;

E
z

I-- >aw j
C U4

Otot4wn?
1 2 3 5
- -

PlASTIC WATER LIQUID
UMIT% CONTENT% 11*411%

- -. - - a
10 20 30 40 50
- I I -

STANDARD
0 PENErRAT1ON &OWSff1.

continued



COflIfl’

OWNER I LOG OF BORING NUMBER
Interparking I
PROJECT NAME ARCHITECT-ENGINEER
LaSalle/Hubbard Development

-LOCATION
SWC LaSalle & Hubbard Streets; Chicago, IL

- -

.
5

-*

-

-‘i.UNCONFINED COMPRESSIVE STRENGTH
TONS/PT’

1 2 3 4 5

E

I
-
W tu
w a.

,
2:_

iu
°

DESCRIPTION OF MATERIAL0

j
w wW
a. a.o

SURFACE ELEVATION +15.2 CCD Cin’, .

°‘

PLASTiC WATER LIQUID
UMITS CONTENTS UMITS

- -* - -

10 20 30 40 50
*

STANDARD
fi PENETRATION BLOWS/FT.
10 20 30 40 50

19

p a

I I Silty clay, trace gravel, sand and shale - gray - hard to very stiff
ST1J CL

- 4 T Silt and fine to medium sand - gray - dense saturated ML
I I Very silty clay, trace gravel, sand and shale - gray - hard CL to

RB CL-ML
ri
RB

III
RB

ii
RB

sii
RB

SS[f

RB

II

-

7r -
Er
-a

-

-19/6
r

-

-

I
,

za

-

25

2
- -

- Clayey silt to silt, trace limestone gravel - gray - extremely dense -

RB saturated ML

i

RB

RB

EI

RB

continued * Cal

- -

‘

/
/

I

I

irated >enetr

-

meter

- -

L

-

//

s.U

- =
- JOB NO,

[SHEETNO,
OFThe stratification lines represent the approximate boundary lines between soil types: in situ, the transition may be gradual j 30852 3 4
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0

7+
0

7+
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A

srs COIIMI u.

OWNER I LOG OF BORING NUMBER B-6
Interparking

PROJECT NAME I ARCHiTECT-ENGINEER
LaSalle/Hubbard Development -

SITE LOCA11ON
SWCLaSalIe & Hubbard Streets; Chicago, IL

>.
I.

W

%UNCONFiNED COMPRESSIVE STRENGTH
‘-‘ TONS/FT.

1 2 3 4
I I I I

E
E
.0. w
Ui -0 Ui

a
Z
w
0.

C
U

Z

0

- 0
w Ui
-
0.0.

U U

I

DESCRIPTION OF MATERIAL
r
W
>
0
0
Ui SURFACE ELEVATION +15.2 CCD ContinuedE
t Clayey silt to silt, trace limestone gravel - gray - extremely dense -

saturated ML

Pt.ASTIC WATER UQUID
UUIT% CONTENTS UMITS

- - - -

10 20 30 40 50

STANDARD
PENETRATION BLOWS/FT.
20 40 50

- - 7.7 -

RB

-IbO RB
Probable weathered limestone bedrock.

lzb.O - - .
End of Boring
Borehole grouted upon completion.
Casing used: 15 ft. of 4 in.
Automatic-Mobile Hammer used for Standard Penetration Tests.

* Cal rated 1enetr -neter

Ui

I
0
C
I-
U

0

fl

= =- - - -
The stratification lines represent the approximate boundary lines between soil types: in situ, the transition may be gradual.

C I

WL I BORING STARTED I STS OFFICE Chicago Area -0110.Oft.WS 1111100
WI. BORING COMPLETED I ENTERED BY I SHEET NO. OF

19.5 ft. 8CR; 19.5 ft. ACR I 1/1 1/00 KKB I 4 4
WL 1 RIGIFOREMAN I APPO BY I STS JOB NO.

Mobile 8-6lFBaker AJP I 30852

0C"

d
a:
0
C



crushed concrete and slag

Concrete obstructions encountered at 4.5-5 6.5-7 and 8-13.

Boring offset 6 west and boring continued.

*OTONS,FTz
1 2 3 4 5
. * - - -

PLASTIC WATER UQUID
uurr % CONTENT % LIMT %

- -e - -

10 20 30 40 50
p I I I *

STANDARD
fi PENETRATION &OWS.FT.

43/6"

continued



TONS/PT?
1 2

Pt.ASTC WATER LIQUID
LItMT% COtITEPIT% UMIT%

- -e - - is
10 20 30 40 SC

STANDARD
PENETRATION BLS/FT.

continued



I OWNER I LOG OF BORING NUMBER R.7I Interparking
jROJECT NAME I ARCHITECT-ENGINEER
LaSalle/Hubbard Development

SITE LOCATION <>UNCONFINED COMPRESSIVE STRENGTH
TONS/Fr.SWC LaSalle & Hubbard Streets; Chicago, IL 1 2 3 4 5

p t p I I

E w PLASTIC WATER UOUIO
0 LIMITS CONTENTS UMIT%

E w DESCRIPTION OF MATERIAL - -.- - -

o
> z -o ,, 10 20 30 40 50
w w w w W a: IPu ..J -J 0 STANDARD0 u& 0. 0. 0. 0

Cl 0 PENETRATION BLOWS/FT.0
<UJ SURFACE ELEVATION +14.7 CCD Continued 30 40 50U Cl

19 ST 1 Very silty clay, trace gravel, sand and shale - gray - hard to very istiff CL-ML to CL * *

RB 9

7+
0

7b*

I Silty sand to sandy silt, trace gravel - gray - very dense - saturated

SM to ML /
RB /

21 ST I Very silty clay, trace gravel, sand and shale - gray - hard CL to ,.

CL-MLRB

22ST1

RB

u.y
23

RB

24 SS I I

73/6

7+7I6
*

RB

25 SS f
I

73/6

RB

uuu 7+
0

*
26ST11

100.5 End of Boring *CaI rated enetr ter
Borehole grouted upon completion.
Casing used: 16 ft. of 4 in.
Automatic-Mobile Hammer used for Standard Penetration Tests.
SS = SPI value based on first 6 in.

I.c
C
I,
p.
U
-,
&

CM
0

The stratification lines represent the approximate boundary lines between soil types: in situ, the transition may be gradual.
a
g

,
w I BORING STARTED j STS OFFICE Chicago Area .0112.5 ft. 1/12/00

S WI I BORING COMPLETED I ENTERED BY SHEET NO. OF
18.0 ft. 8CR; 18.0 ft. ACR 1 1/12100 KKB 3 3

°
WI I RIG/FOREMAN I APP’O BY I STS JOB NO.

I Mobile B-61/Baker AJP 30852



Interparking
PROJECT NAME
LaSalleIHubbard

Hubbard Streets; TONSFIV
1 2 3 4

Concrete obstruction encountered at 13-13.5 and 15-16.

WATER
CONTENT
-.-

20 30 40 50

STANDARD
PENETRA1ON &OWS/VT.

- continued



Interparking
PROJECT NAME

LaSalie/Hubbard Devek

Boulder obstruction encountered at 89.5-90 ft.

*°TONS/FT:
1 2

WATER
CONTENT %

Borehole grouted upon completion.
Casing used: 20 ft. of 4 in.
Automatic-Mobile Hammer used for Standard Penetration Tests.
SS = SPT value based on first 6 in.

LOCATION
SWC LaSaJie & Hubbard Streets;

20304050

STANDARD
PENETRATION BLOWS/FT.

40 50

7+7/6

75I6

7+

*



4W

continued



PROJECT NAME
LaSalie/Hubbard

LOCATION
LaSalle & Hubbard Streets;

Sample 14 disturbed sample.

°TONS/FT.
1 2

PLASTIC WATER
UMIT S CONTENT S

10 20 30 40 50

STANDARD
PENETRATION $L0WS/F.

‘1,

I $d

LIQUID
LIMITS

- contrnued



LeSaHe/Hubbard
SITE LOCATION
SWC LaSalle & Hubbard Streets;

SURFACE ELEVATION + 16.3 CCD

Drillers observation: Strong petroleum odor noted in Sample 5.

WATER UOUIO
CONTENT % LIMrr %

20 30 40 50

STANDARD
PENETRATION BLOWST.

0

1ONS?T.
1 2

continued



LaSalle/Hubbard
TONS/VT!

1 2 3

PLASTIC WATER LIQUID
LIMIT% CONTENT% LIMIT%

-. -. - - a
10 20 30 40 50

STANDARD
PENETRATION BLOWS/FT.

SWC LaSafte & Hubbard Streets;

continued



76’

7÷

0*

COI$M

OWNER LOG OF BORING NUMBER B-ID
nterparking -- --

PROJECT NAME ARCHITECT-ENGINEER

LaSalle/Hubbard Development
SITE LOCATION
SWCLaSaHe & Hubbard Streets; Chicago, IL

<>UNCONFINED COMPRESSIVE STRENGTH
T?NS/FT. 4

w
E DESCRIPTION OF MATERIAL

Z

°

SURFACE ELEVATION +16.3 CCO Continued
-
- Silty clay, trace gravel, sand and shale - gray - very stiff to hard

15 ST CL

-16811T
.11

Ba - -

PLASTIC WATER UOUID
LIMITS CONTENTS LIMITS

-

10 20 30 40 50

STANDARD
fi amuo et.ows,n
10 C 50
- .‘‘ 5’ -*

/.
‘1

* *

- - -

17 si Very silty clay to clayey silt, trace gravel, sand and shale - gray -

hard CL to CL-ML

Saturated silt seams noted in Sample 18.

Pressuremeter Test at 85-87.5 ft.
briller’s observation: Sand and gravel likely saturated.

- - - ._L__
,-‘

,,.-

L..

*

.j"
*

-

I8STI
.L

900 RB-

19 ST J Drilling fluid loss=60% from 90-93’.

Note: Borehole was caving in when trying to run pressuremeter
test. No PMT could be performed at 90-92.5 ft.

I 1

RB

st.O 20 T Ij Silty clay to clayey silt, trace gravel, sand and shale - gray - hard
CL to CL-ML
Pressuremeter Test at 93.5-96 ft.

Pressurerneter Test at 97.5-100 ft.

Boulder obstruction encountered from 102-1 02.75’.

I

*

I

a

,

36’°’
RB

-IUI
RB
I I I

iuO.U
RB

RB

aii

flO.u

RB
Clayey silt to silt, trace gravel, sand and shale - gray - hard - wet
CL-ML to ML

Drilling fluid loss=20% from 107.5 to EOB.
Boulder obstruction encountered from 107-107.5’, 111-111.5’,
114-115’, 116.5-117’andl22-122.5’.

continued * Cal trated

‘-

‘enetr meter
-

I I

ii Lu

RB

IL

iu.0_..__.

RB

The Stratheahon. tnres represent the apprommate boundary lines between so types: in situ, the transition may be gradual 108 N0. 30852 JSHEET NO.3 OF4

C,

I
0
0
U
U

75/6

71/6’

725/6’

z



3 4 5

SURFACE ELEVATION +16.3 CCD

WATER UOUID
CONTENTS UMfl%

- -e - -

20 30 40 50

STANDARD
PENETRATON BLowST.

Drilling fluid loss=20% from 107.5 to EOB.
Boulder obstruction encountered from 107-1 07.5, 111-111.5’,
114-115, 116,5-117 and 122-122.5’.

Borehole grouted upon completion.
Casing used: 20 ft. of 4 in.
Automatic-Mobile Hammer used for Standard Penetration Tests.
SS = SPT value based on first 6 in. or less.

740/6’

00I4



c.1 A
ssCta

OWNER LOG OF BORING NUMBER B-il
interparking
PROJECT NAME I ARCHITECT-ENGINEERLaSalie/Hubbard Development

SITE LOCATION

SWCL.aSalle & Hubbard Streets; Chicago, IL

>.

a

-

jUNCONFINEO COMPRESSIVE STRENGTh
TONS/FT

1 2 3 4 5
I I I I

E
-

0U

<
,
O i

z
w

0

u
Uz

UJ DESCRIPTION OF MATERIAL
‘ -i-au:
U situ

Q
<U

0 0 u: SURFACE ELEVATION +15.8 CCD

-

Pt.AST1C WATER LIQUID
LIMIT % CONTENT % LIMIT %

- -. - -

10 20 30 40 50

STANDARD
0 PENETRATION BLOWS/FT.
10 40 50

- - * - - -Asphalt 2-3d and base course 10’

10

,8

*

.

-- Urban fill: Cinders, brick, sand, gravel, crushed concrete, clay and
slag

[

PA

Drillers observation: Concrete slab encountered at 10-10.5.

-u

i
i0u

- PA-- Fill: Silty clay, little brick - brownish gray - very stiff CL

p
- -

fi12

-

- Silty clay, trace gravel and sand - brownish gray - stiff CL

Eli

RB

lb.U

zu.p

I E I I

Silty clay - gray - soft to medium CL

RB

ElI

RB

ElI
RB

u
‘

* Cat brated

I

I
I

0

I
/

I
/

meter

S.u

I

su.U

aO

I

i

4U.U

RB Silty fine to coarse sand, trace clay and gravel - gray - medium
dense - saturated SM

-

continued ‘enetr
-- -

r
-pHEETN0Of

The stratification tines represent the approximate bountary tines between soil types: In situ, the transition may be gradUal. 30852 1 3

I
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0
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0
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L
ss COLdt_IdS

OWNER [LOG OF BORING NUMBER all
Interparking
PROJECT NAME I ARCHITECT-ENGINEER
LaSalte/Hubbard Development I

- çUNCONFINEO COMPRESSIVE STRENGTH
‘-‘ TONSFFT.’& Hubbard Streets; Chicago, II 1 2 3 4 5

- I -I

PLASTIC WATER LIQUID
LIMrr% CONTENTS LIMITS

RIAL *DESCRIPTION OF MATE
20 30 40 50

a;.>
Q STANDARD

0 PENETRATION BLOWS/FT.U SURFACE ELEVATION +15.8 CCC Continued - 20 30 40 50U

SITE LOCATION
SWC LaSalte

- -

tk.

UIUI
0 U
%/1
j

UI
.ja.
CU

wu

UI UI
-a. .

T‘C ‘CU U

‘

Silty fine to coarse sand, trace clay and gravel - gray - medium
dense-saturatedSM
o°io drilling fluid loss at 38-48’. ‘ 16

/
1OA SS

Silty clay, trace gravel, sand and shale - gray - stiff CL

4bU

RB
--

- Sandy clay to clayey sand, little gravel - gray CL to SC
- -

.
-

29

* -

1
RB

5u.O
J Silty clay, trace gravel, sand and shale - gray - stiff to very stiff

I

J
-
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*

I

I
+

*

1
I

CI

I
I

‘

*

b,_u

RB

El
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-
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El

RB

E J
I Silty clay, trace gravel, sand and shale - gray - very stiff to stiff CL

I
-

continued * Cal

I

enetr meter

l
*

IbtJ

RB

-

17 ST
J

U.U
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=o.=O‘The Stratification lines represent the approximate boundary lines between sod types in Situ, the transition may be gradual. 30852 2 3
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I A
OWNER I LOG OF BORING NUMBER B-il
lnterparking
PROJECT NAME I ARCHITECT-ENGINEERLaSalle/Hubbard Development I

SITE LOCATION
SWCLaSaIIe & Hubbard Streets; Chicago, IL

.

oz
t ° DESCRIPTION OF MATERIAL L-

.w -‘ -& . *> 00 W 0. 0. 0.Q
< ‘C ‘Co ci SURFACE ELEVATION +15.8 CCD Continued

ss I Silty clay, trace gravel, sand and shale - gray - very stiff to stiff CL -

j’UNCONFINED COMPRESSIVE STRENGTH
‘-‘ TONS1FT.’

1 2 3 4 5
p

PLASTIC WATER LIQUID
UMIT% CONTENTS LIMITS

- -. - -

STANDARD
fi PENETRATION 8LOWS/FT.
10

- - ‘ -

-------

19 ST

&-u RB
20 ST

1’

Clayey silt, trace gravel, sand and shale - gray - still to very stiff
CL-ML

Wet silt seams noted.

21 ST I I

Glayey silt, trace gravel, sand and shale - gray - hard - wet CL-ML
to ML

109 0*

RB

Ij

.1 - Silt, little clay, trace sand and shale - gray - dense - saturated ML

M’ H RB

39

/
7+

*

63

7+

0

--.-

J i Very silty clay, trace gravel, sand and shale - gray - hard CL

RB

r

-

- - -

- -

- -

_‘

-
100,5 End of Boring

Borehole grouted upon completion.
Casing used: 20 ft. of 4 in.
Automatic-Mobile Hammer used for Standard Penetration Tests.
SS = SPT value based on first 6 in.

*Cal rated enetr meter

The stratification lines represent the approximate boundary lines between soil types: in situ, the transition may be gradual.

WL BORING STARTED STS OFFICE
13.5 ft. WS 1/25/00 ChiCago Area -01

WL BORING COMPLETED ENTERED BY SHEET NO. OF
21.0 ft. BCR; 21.0 ft. ACR 1/25/00 KKB 3 3

WL RIG/FOREMAN APP’D BY ST5 .105 NO.
MobIle B-SI/Baker AJP 30852
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PROJECT: 400 N. LaSalle
STS JOB NUMBER: 30852-A
OPERATOR: Knight
DATE OF TEST: 01/04/0 1
SURFACE ELEVATION: 15 Feet CCD +/-

DATA REDUCTION: Knight

.

4

.a

- . VS-I-
HAVS-2

-

-______
- R VS-3 H-

.____

-i--a---

SIS Cnsultar,ts, Ltd.
Vproji2318OtiNane Shear

VANE SIZE

2.0=SMALL 11CM X SCM VANE

1.0 MEDIUM 13CM X 6.5 CM VANE

0.5 LARGE 17.2CM X 8CM VANE

VANE CONSTANT, K=I.0071

VANE SHEAR RESULTS

VANE TIP APPROX. VANE TIP

ORJNC IE1711’I
VANE a a REMOLDED S,, SENSITIVITY ELEVATION

NO. It in tsf psf in tst psf PEAK/REM. CCD

VS-I 24.0 1.0 3.21 0.84 1675 - - - - -9.0
29.0 1.0 1.59 0.42 825 0.86 0.22 450 1.8 -14.0
39.0 1.0 2.43 0.63 1275 1.46 0.38 750 1.7 -24.0
49.0 1.0 2.00 0.52 1050 1.27 0.33 675 1.6 -34.0

VS-2 25.0 1.0 0.94 0.25 500 0,50 0.13 250 2.0 -10.0
36.0 1.0 2.03 0.53 1050 1.05 0.27 550 1.9 -21.0
45.0 1.0 1.60 0.42 825 0.80 0.21 425 1.9 -30.0
49.0 1.0 1.77 0.46 925 0.93 0.24 475 1.9 -34.0

VS-3 25.0 1.0 1.28 0.33 675 0.52 0.14 275 2.5 -10.0
35.0 1.0 2.91 0.76 1525 1.25 0.33 650 2.3 -20.0
45.0 1.0 1.74 0.45 900 0.91 0.24 475 1.9 -30.0

Comments: VS-I 24’ test niaxed out vane testing limits

Peak Undrained Shear Strength psf

500 1000 1500 2000 2500 3000
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PROJECT NAME: Walker Parking
STS JOB NUMBER: 30852
OPERATOR: Seller
DATE: 1/15/00

PRESSUREMETER TEST RESULTS

BORING DEPTH P0 P1 P1 Ed
NUMBER ft tsf tsf tsf tsf tsf Ed /E Ed /P P, 1Ff

1 823-85.0 6.0 14.0 30.7 194 544 0.36 6.3 2.2
87.5-90.0 7.0 34.0 - 697 1597 0.44 - -

92.5-95.0 7.0 29.0 - 662 1441 0.46 -

5 82.5-85.0 6.0 18.0 35.9 313 481 0.65 8.7 2.0
87.5-90.0 7.0 37.0 - 1161 3431 0.34 - -

92.5-95.0 7.0 26.0 - 677 1134 0.60 - -

100.0-102.5 7.0 18.0 34.7 478 798 0.60 13.8 1.9

10 85.0-87.5 6.0 15.0 27.5 240 742 0.32 8.7 1.8
93.5-96.0 6.0 15.0 30.6 201 434 0.46 6.6 2.0
97.5-100.0 7.0 18.0 40.3 310 349 ZZ 22

AVERAGE 0.51 8.6 2.0



Pressuremeter Data Reduction BX

STS Job Number: 30852
Boring No. I
Test Depth: 82.5-85.0 Feet

Date: 1-13-00
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STS Consultants, Ltd. Pressuremeter Data Reduction BX
STS Job Number: 30852
Boring No.: I
Test Depth: 82.5-85.0 Feet

Water Correction: 2.74

Corrected Corrected
No. Pressure Inertia Corrected 30 Sec. 60 Sec. Creep 30 Sec. 60 Sec. Incremental

Readings Correction Pressure Volume Volume Volume Volume Modulus
bars bars tsf cc cc cc cc cc tsf

1 0.50 0.02 3.4 3 5 2 1.0 3.0
2 1.00 0.13 3.8 30 32 2 27.8 29.8 22
3 1.50 0.32 4.1 85 87 2 82.7 84.7 9
4 3.00 0.37 5.6 103 103 0 100.1 100.1 164
5 5.00 0.43 7.6 125 125 0 121.5 121.5 162
6 8.00 0.49 10.7 147 147 0 142.8 142.8 257
7 11.00 0.57 13.8 177 177 0 172.1 172.1 191
8 5.00 0.54 7.5 167 167 0 163.5 163.5 1358
9 8.00 0.57 10.6 178 178 0 173.8 173.8 568
10 11.00 0.60 13.7 190 190 0 185.1 185.1 519
11 14.00 0.69 16.8 225 230 5 219.6 224.6 152
12 17.00 0.80 19.8 280 285 5 274.0 279.0 116
13 20.00 0.98 22.7 380 390 10 373.5 383.5 65
14 22.00 1.08 24.7 437 452 15 430.1 445.1 81

Ed= 194 TSF 544 TSF P1= 30.7 TSF



STS Consultants, Ltd.

Pressuremeter Data Reduction BX

STS Job Number: 30852
Boring No. 1
Test Depth: 87.5-90.0 Feet

Date: 1-13-00
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STS Consultants, Ltd. Pressuremeter Data Reduction BX
STS Job Number: 30852
Boring No.: 1
Test Depth: 87.5-90.0 Feet

Water Correction: 2.90

Corrected Corrected
No. Pressure Inertia Corrected 30 Sec. 60 Sec. Creep 30 Sec. 60 Sec. Incremental

Readings Correction Pressure Volume Volume Volume Volume Modulus
bars bars tsf cc cc cc cc cc tsf

1 0.50 0.02 3.5 3 5 2 0.9 2.9
2 1.00 0.10 4.0 20 25 5 17.7 22.7 32
3 1.50 0.19 4.4 47 50 3 44.6 47.6 26
4 3.00 0.23 5.9 60 60 0 57.0 57.0 252
5 6.00 0.26 9.0 70 70 0 66.2 66.2 539
6 10.00 0.30 13.2 82 82 0 77.3 77.3 601
7 15.00 0.34 18.3 94 94 0 88.3 88.3 771
8 20.00 0.38 23.5 107 107 0 100.4 100.4 719
9 10.00 0.36 13.1 100 100 0 95.3 95.3 3440
10 15.00 0.38 18.3 106 106 0 100.3 100.3 1736
11 20.00 0.40 23.5 113 113 0 106.4 106.4 1458
12 25.00 0.44 28.7 127 127 0 119.4 119.4 687
13 30.00 0.47 33.9 140 140 0 131.3 131.3 764
14 35.00 0.53 39.0 160 163 3 150.2 153.2 425
15 40.00 0.60 44.2 185 190 5 174.1 179.1 371

697 TSF E= 1597 TSF



STS Consultants, Ltd.

Pressuremeter Data Reduction BX

STS Job Number: 30852
Boring No. 1
Test Depth: 92.5-95.0 Feet
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STS Consultants, Ltd. Pressuremeter Data Reduction BX
STS Job Number: 30852
Boring No.: 1
Test Depth: 92.5-95.0 Feet

* Water Correction: 3.05

Corrected Corrected
No. Pressure Inertia Corrected 30 Sec. 60 Sec. Creep 30 Sec. 60 Sec. Incremental

Readmgs Correction Pressure Volume Volume Volume Volume Modulus
bars bars tsf cc cc cc cc cc tsf

1 1.00 0.02 4.2 3 5 2 0.6 2.6
2 1.50 0.11 4.6 25 27 2 22.5 24.5 29
3 2.00 0.19 5.1 50 50 0 47.3 47.3 29
4 3.00 0.30 6.0 80 80 0 77.0 77.0 50
5 6.00 0.32 9.1 87 87 0 83.1 83.1 830
6 10.00 0.35 13.3 98 98 0 93.2 93.2 680
7 15.00 0.40 18.4 112 112 0 106.3 106.3 670
8 20.00 0.44 23.6 128 128 0 121.3 121.3 593
9 25.00 0.49 28.8 146 146 0 138.3 138.3 538
10 15.00 0.47 18.4 140 140 0 134.3 134.3 4615
11 20.00 0.49 23.6 147 147 0 140.4 140.4 1536
12 25.00 0.51 28.8 155 155 0 147.3 147.3 1345
13 30.00 0.58 33.9 177 180 3 168.3 171.3 398
14 35.00 0.65 39.1 207 210 3 197.2 200.2 342
15 40.00 0.73 44.2 245 250 5 234.1 239.1 265

Ed= 662 TSF E= 1441 TSF



Pressuremeter Data Reduction BX

STS Job Number: 30852
Boring No. 5
Test Depth: 82.5-85.0 Feet

Date: 1-7-00
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STS Consultants, Ltd. Pressuremeter Data Reduction BX
STS Job Number: 30852
Boring No.: 5
Test Depth: 82.5-85.0 Feet

Water Correction: 2.74

Corrected Corrected
No. Pressure inertia Corrected 30 Sec. 60 Sec. Creep 30 Sec. 60 Sec. Incremental

Readings Correction Pressure Volume Volume Volume Volume Modulus
bars bars tsf cc cc cc cc cc tsf

1 0.50 0.07 3.3 15 18 3 13.0 16.0
2 1.00 0.15 3.8 35 37 2 32.8 34.8 35
3 1.50 0.19 4.2 47 49 2 44.6 46.6 62
4 3.00 0.23 5.8 60 60 0 57.1 57.1 228
5 6.00 0.27 8.8 73 73 0 69.2 69.2 405
6 10.00 0.34 13.0 93 93 0 88.3 88.3 351
7 13.00 0.40 16.0 113 113 0 107.7 107.7 266
8 6.00 0.34 8.8 93 93 0 89.2 89.2 660
9 9.50 0.38 12.4 106 106 0 101.4 101.4 497
10 13.00 0.42 16.0 120 120 0 114.7 114.7 464
11 16.00 0.49 19.1 145 145 0 139.2 139.2 220
12 19.00 0.56 22.1 170 175 5 163.6 168.6 190
13 22.00 0.67 25.1 215 220 5 208.1 213.1 131
14 25.00 0.81 28.1 280 290 10 272.5 282.5 90
15 28.00 1.01 31.1 390 405 15 381.9 396.9 60

Ed= 313 TSF E4= 481 TSF P1= 35.9 TSF



Pressuremeter Data Reduction BX

STS Job Number: 30852
Boring No. 5
Test Depth: 87.5-90.0 Feet

Date: 1-7-00
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STS Consultants, Ltd. Pressuremeter Data Reduction BX
STS Job Number: 30852
Boring No.: 5
Test Depth: 87.5-90.0 Feet

Water Correction: 2.90

Corrected Corrected
No. Pressure inertia Corrected 30 Sec. 60 Sec. Creep 30 Sec. 60 Sec. Incremental

Readings Correction Pressure Volume Volume Volume Volume Modulus
bars bars tsf cc cc cc cc cc tsf

1 0.50 0.03 3.5 5 7 2 2.9 4.9
2 1.00 0.16 3.9 28 40 12 25.7 37.7 17
3 1.50 0.34 4.2 83 93 10 80.6 90.6 10
4 2.00 0.39 4.7 110 110 0 107.4 107.4 47
5 5.00 0.46 7.8 135 135 0 131.5 131.5 222
6 9.00 0.49 11.9 146 146 0 141.5 141.5 739
7 13.00 0.51 16.1 152 152 0 146.7 146.7 1444
8 18.00 0.53 21.3 162 162 0 155.8 155.8 1046
9 23.00 0.56 26.5 172 172 0 164.8 164.8 1065
10 28.00 0.58 31.7 182 182 0 173.7 173.7 1089
11 18.00 0.57 21.2 178 178 0 171.8 171.8 10053
12 23.00 0.58 26.4 181 181 0 173.8 173.8 4867
13 28.00 0.59 31.7 187 187 0 178.7 178.7 1995
14 33.00 0.62 36.9 198 198 0 188.6 188.6 1004
15 38.00 0.65 42.0 212 214 2 201.5 203.5 677
16 43.00 0.70 47.2 233 236 3 221.4 224.4 492

Ed= 1161 TSF E= 3431 TSF



Pressuremeter Data Reduction BX

STS Job Number: 30852
Boring No. 5
Test Depth: 92.5-95.0 Feet
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STS Consultants, Ltd. Pressuremeter Data Reduction BX
STS Job Number: 30852
Boring No.: 5
Test Depth: 92.5-95.0 Feet

Water Correction: 3.05

Corrected Corrected
No. Pressure Inertia Corrected 30 Sec. 60 Sec. Creep 30 Sec. 60 Sec. Incremental

Readings Correction Pressure Volume Volume Volume Volume Modulus
bars bars tsf cc cc cc cc cc 1sf

1 0.50 0.03 3.7 5 8 3 2.8 5.8
2 1.00 0.08 4.1 18 20 2 15.7 17.7 58
3 1.50 0.14 4.6 32 35 3 29.5 32.5 46
4 3.00 0.40 5.9 112 112 0 109.0 109.0 27
5 6.00 0.43 9.0 124 124 0 120.2 120.2 481
6 9.00 0.45 12.1 132 132 0 127.5 127.5 746
7 13.00 0.48 16.3 142 142 0 136.7 136.7 799
8 17.00 0.51 20.4 154 154 0 147.9 147.9 663
9 21.00 0.55 24.5 170 170 0 163.2 163.2 499
10 11.00 0.53 14.1 161 161 0 156.1 156.1 2711
11 16.00 0.55 19.3 170 170 0 164.1 164.1 1192
12 21.00 0.58 24.5 180 180 0 173.2 173.2 1075
13 26.00 0.64 29.7 205 207 2 197.2 199.2 381
14 31.00 0.71 34.8 235 238 3 226.1 229.1 343
15 35.00 0.76 38.9 260 265 5 250.2 255.2 326
16 40.00 0.86 44.1 310 320 10 299.1 309.1 206

Ed= 677 TSF E= 1134 TSF



Pressuremeter Data Reduction BX

STS Job Number: 30852
Boring No. 5
Test Depth: 100.0-102.5 Feet
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STS Consultants, Ltd. Pressuremeter Data Reduction BX
STS Job Number: 30852
Boring No.: 5
Test Depth: 100.0-102.5 Feet

Water Correction: 3.28

Corrected Corrected
No. Pressure Inertia Corrected 30 Sec. 60 Sec. Creep 30 Sec. 60 Sec. Incremental

Readings Correction Pressure Volume Volume Volume Volume Modulus
bars bars tsf cc cc cc cc cc tsf

1 0.50 0.02 3.9 3 5 2 0.7 2.7
2 1.00 0.10 4.4 22 25 3 19.6 22.6 32
3 1.50 0.23 4.8 40 60 20 37.4 57.4 17
4 2.00 0.37 5.1 103 103 0 100.3 100.3 14
5 4.00 0.45 7.1 133 133 0 129.7 129.7 118
6 7.00 0.48 10.2 144 144 0 139.9 139.9 541
7 11.00 0.53 14.4 160 160 0 155.0 155.0 495
8 15.00 0.58 18.5 180 180 0 174.3 174.3 399
9 7.00 0.55 10.2 168 168 0 163.9 163.9 1500
10 11.00 0.57 14.3 177 177 0 172.0 172.0 953
11 15.00 0.60 18.5 190 190 0 184.3 184.3 642
12 19.00 0.70 22.5 230 235 5 223.5 228.5 181
13 23.00 0.86 26.6 305 317 12 297.8 309.8 106
14 25.00 0.95 28.5 360 370 10 352.4 362.4 88
15 26.00 1.02 29.5 400 410 10 392.2 402.2 60

Ed= 478 TSF 798 TSF P1= 34.7 TSF



Pressuremeter Data Reduction BX

STS Job Number: 30852
Boring No. 10
Test Depth: 85.0-87.5 Feet
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STS Consultants, Ltd. Pressuremeter Data Reduction BX
STS Job Number: 30852
Boring No.: 10
Test Depth: 85.0-87.5 Feet

Water Correction: 2.82

Corrected Corrected
No. Pressure Inertia Corrected 30 Sec. 60 Sec. Creep 30 Sec. 60 Sec. Incremental

Readings Correction Pressure Volume Volume Volume Volume Modulus
bars bars tsf cc cc cc cc cc tsf

1 0.50 0.05 3.4 10 12 2 7.9 9.9
2 1.00 0.26 3.7 60 70 10 57.8 67.8 8
3 1.50 0.40 4.1 107 115 8 104.7 112.7 14
4 3.00 0.49 5.6 145 145 0 142.1 142.1 88
5 6.00 0.55 8.6 170 170 0 166.2 166.2 233
6 9.00 0.61 11.7 195 195 0 190.5 190.5 240
7 12.00 0.67 14.8 220 220 0 214.9 214.9 247
8 6.00 0.65 8.5 210 210 0 206.3 206.3 1428
9 9.00 0.66 11.7 217 217 0 212.6 212.6 983
10 12.00 0.69 14.8 230 230 0 224.9 224.9 502
11 15.00 0.76 17.8 260 265 5 254.4 259.4 184
12 18.00 0.92 20.8 340 350 10 333.9 343.9 78
13 20.00 1.05 22.7 420 430 10 413.5 423.5 60

Ed= 240 TSF E= 742 TSF PF 27.5 TSF



STS Consultants, Ltd.

Pressuremeter Data Reduction BX

STS Job Number: 30852
Boring No. 10
Test Depth: 93.5-96.0 Feet
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STS Consultants, Ltd. Pressuremeter Data Reduction BX
STS Job Number: 30852
Boring No.: 10
Test Depth: 93.5-96.0 Feet

Water Correction: 3.08

Corrected Corrected
No. Pressure inertia Corrected 30 Sec. 60 Sec. Creep 30 Sec. 60 Sec. incremental

Readings Correction Pressure Volume Volume Volume Volume Modulus
bars bars tsf cc cc cc cc cc tsf

1 0.50 0.06 3.7 10 14 4 7.8 11.8
2 1.00 0.27 4.0 47 73 26 44.7 70.7 8
3 1.50 0.38 4.4 105 107 2 102.6 104.6 20
4 3.00 0.53 5.8 160 160 0 157.1 157.1 48
5 6.00 0.60 8.9 190 190 0 186.2 186.2 197
6 9.00 0.67 11.9 220 220 0 215.5 2153 205
7 5.00 0.65 7.8 210 210 0 206.5 206.5 914
8 7.00 0.67 9.8 220 220 0 216.0 216.0 433
9 9.00 0.69 11.9 230 230 0 225.5 225.5 435
10 12.00 0.73 15.0 250 250 0 244.9 244.9 326
ii 15.00 0.82 18.0 290 295 5 284.4 289.4 146
12 18.00 0.93 21.0 350 360 10 343.8 353.8 106
13 21.00 1.07 24.0 430 445 15 423.3 438.3 88

Ed= 201 TSF 434 TSF P1= 30.6 TSF



STS Consultants, Ltd.

Pressuremeter Data Reduction BX

STS Job Number: 30852
Boring No. 10
Test Depth: 97.5-100.0 Feet
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STS Consultants, Ltd. Pressuremeter Data Reduction BX
STS Job Number: 30852
Boring No.: 10
Test Depth: 97.5-100.0 Feet

Water Correction: 3.20

Corrected Corrected
No. Pressure Inertia Corrected 30 Sec. 60 Sec. Creep 30 Sec. 60 Sec. Incremental

Readings Correction Pressure Volume Volume Volume Volume Modulus
bars bars tsf cc cc cc cc cc tsf

1 0.50 0.10 3.8 20 25 5 17.8 22.8
2 1.00 0.21 4.2 50 55 5 47.6 52.6 21
3 1.50 0.27 4.6 70 72 2 67.5 69.5 43
4 3.00 0.37 6.1 105 105 0 102.0 102.0 74
5 6.00 0.43 9.2 125 125 0 121.1 121.1 276
6 9.00 0.47 12.2 140 140 0 135.4 135.4 381
7 12.00 0.53 15.3 160 160 0 154.8 154.8 287
8 15.00 0.58 18.4 180 180 0 174.3 174.3 295
9 7.00 0.50 10.1 150 150 0 145.9 145.9 539
10 11.00 0.57 14.2 177 177 0 172.0 172.0 290
11 15.00 0.62 18.4 197 197 0 191.3 191.3 409
12 19.00 0.72 22.4 240 243 3 233.6 236.6 179
13 23.00 0.85 26.5 300 310 10 292.8 302.8 131
14 27.00 1.00 30.5 390 400 10 382.0 392.0 106
15 29.00 1.08 32.5 440 450 10 431.6 441.6 103

Ed= 310 TSF E= 349 TSF P1= 40.3 TSF



STS General Notes

STS CONSULTARTS, LTD.

DTT.T.TNG & SAMPLING SYMBOLS:
88 : Split Spoon-i 3/8" ID.. 2" O.D.

Unless otherwise noted
ST : BhelbyTube-2"O.D.,

Unless otherwise noted
PA Power Auger
DB: Diamond Bit-NX, BX. AX
AS : Auger Sample
J8 JarBample
VS : Vane Shear
Standard "N" Penetration:

OS : Osterberg Sa.mpler-3" Shelby Tube
ES : Hollow Stem Auger
W8: Wash Sample

Fish Tail
RB : Rock Bit
ES Bulk Sample
PM Press’.u’emeter Test, In-Situ
08 : Giddings Sampler

Blows per foot of a 140 pound hammer tailing 30 Inches on a 2 inch 0.1. split spoon
sampler, except where otherwise noted.

WATZR LEVEL MEASUREMENT SYMBOLS:

Water levels Indicated onthe boring logs are the levels measured in the boringat the timesindit Inpervloua soils, theI11tAd
elevations are ocnsldered reliable groundwater levels. In impervious soils, the accurate determination of groundwater elevations
may not be possible, even after several days of observations; additional evidence of groundwater elevations must be sought.

GRLDATION DESCRIPTION & ,WIeIOLOGY:
Coarse Grelned or Granular Soils have more than 80% of their dry weight retainedon a #200 elsve they are daetbłda& boulders,
oobbles gravelorsan& FlueGreined soils haveless than60% oftheirdryweightretainedona#200sieve; theyare desczIbedss: clays
orclayeysilts If theyare cehesiveand silts If they are non-cohesive.In additionto gradation, granularsoils az’s definedonthebasis of
their relative ln-pla.oe density and fine gralned soils on the basis of their strength or oonslsten- and their plaaUctly.

Major
Component
Of Sample
Boulders
Cobbles

Gravel

Sand

Silt

#ls. Bang.
Over 8 In. 200 mm
6 inches to 3 inches
200 mm to 75 nun
3 Inches to #4 sIeve
76 mm to 4.76 mm
14 to #200 sieve

4.76 rum to 0.074 mm
Passing 1200 sieve

0.074 mm to 0.006 mm
rnaller than 0.008 mm

Of Components Also
Present In Sample

Trace
Little

Some

And

Percent Of
Dry W.Ight

1-9
10-19

20-34

38-80

UnconSnad Compressive
Strength, Qu, tel

0.25
0.26-0.49
0.50-0.99
1.00-1.99
2.00-3.99
4.00-8.00
>8.00

ConsistenCy
Very Soft

Soft
Medium Firm

Stiff
Very Stiff
Hard

Very Hard

I-Blows per ft.
0-3
4-9
10-29 -

30-49
60-80
. 80

Relative Density
Very Loose

Loose
Medium Dense

Dense
Very Dense

Extremely bense

WI.: Water Level
W8: While Sampling
WD: While Drilling
AS : After Boring

WCI: Wet Cave In
DCI Dry Cave In
BCR: Before Casing Bemoval
ACR: After Casing Remova.l

CONSISTENCY OP COHESIVE 80U1S: RELATIVE DENSITY 01’ GRANULAR SOUaS:



STS Soil Classification System fS
UNIFIED SOIL CLASSIFICATION

, ,. Group .
Ehns*ons sym Typical names Laboratory dasstfic*t*on cnena

C

Co

.
. 0

C
‘0C

OW

OP

GMLd

cc

SW

SP

SMf

SC

ML

Well-grades graeh. gravel.’and
mixtures, little or no fines

Poorly graded gravels. gravel-
sand mixtures, link & no fines

Silty gravels, gravel.sand-cilt
mixtures

Claycy gravels. graivel.sand.day
mixtures

Well.graded sands. gravrlfv
sands, link or no fines

Poorly graded sands, gravelly
sands, link or no fines

Silty sands. sand-silt
mixtures

aayey sands. sand.ctay mis-
lures

Inorganic silts and very fine
sands, rock flour, silty or clave
fine sands o clayey stlts with
slight plasticity

Inorganic clays of low to me
dium plasticity, gravelly div’s.
sandy clays. silty clays, kin
days

01
Organic silts and organic silty
days of low plasticity

.

‘

.

.

.

MH
Inorganic silts. micaeeous or
diazomaceous line sindy or
silty soils, elastic silts

Inorganic days of high plan
icky, fat clays

OH Organic clays of medium to
high plasticsty. organic siks

Pea! and other highly organic
soils

Cu greater than 6; C O.J’ bctween t and 3
0.. D,.zD.

Not meeting all gradation requirements far OW

Mtevberg limits below ‘A"
tine or P.1. less hats "iv’ tine with P.1.

between 4 and 7 are bar.
deth,ie ases requiting use
of dual symbolsAtterberg limits above "A"

line with P.1 greeter than 7

C . greater thin 4; cc - 0..’ between I and 3
D,.zO,.

Not meeting all gradation requirements For SW

Atecrberg limits below "A"
line or P.1 less than 4

Anerberg limits above "A"
line With P.S. greaterthan7

Limits plotting in hatched
Zone with P.1. between 4
and 7 are bordedine cases
requiring use of dual sym
bols

70 *0 90 IlK

I I i I

- Atierbcrg Limits plottlig In
- hatdiad area at, borderline dane
- ifications requiring use of dual
- symbols.

- E4uation of A4inc:
- Pl’.0.7ILL.t

- -
U -- 0

1 02 03 04 05 06 0L

iquidL imitP

lasticityC hart

.4

a.
5

0z
C- -

C
C
5r a,.4

.

.5:

at

C
. .
i .

art.

‘Ce oZ
C

‘I..

C’
at 4

0

C
‘a

‘0

‘Otis

‘-.55

ot.e

-a.
a..
‘Jar

V
"C
‘C l
C

a.’

-J

60

C

C
£

at

‘0
C -

a.
-J

50

For el irion of
toils and fine fraction of mane.
grimed wits.

E
8
0z
Cat
£

. ,

0
‘a

C
‘a
5:
U
C

40

‘C

1:
10
7
4

0
Mt.



STS Field and Laboratory Procedures

SUBSUBPACE EXPLORATION PROCEDURES

Hand-Auger Drilling HA

In this procedure, a sampling device Is driven Into the soil by repeated blows of a sledge hAmmeF.
When the sampler is driven to the desired sample depth, the soil sample Is retrieved. The hole
is then advanced by manually turning the hand auger until the next sampling depth Inoement
is reached. The hand auger drilling between sampling Intervals also helps to clean and enlarge
the bore hole In preparation for obtaining the next sample.

Power Auger Drilling PA

in this type of drilling procedure, continuous night augers are used to advance the bore holes. They
are turned and hydraulically advanced by a truck or track-mounted unit as site accessibility
dictates. In auger drilling, casing and drilling mud are not required to maintain open bore holes.

Hollow Stem Auger Drilling ES

In this drilling procedure, continuous fllht augers having open stems are used to advance the bore
holes. The open stem allows the sampling tool to be used without removing the augers from the
bore hole. Hollow stem augers thus provide support to the sides of the bore hole during the
sampling operations.

Rotary Drilling RB

In employing rotary drilling methods, various cutting bits are used to advance the bore holes. In
this process, surface casing and/or drilling fluids are used to mAintain open bore holes.

Diamond Core Drilling DB

Diamond core drilling Is used to sample cemented formations. In this procedure, a double tube
triple tube core barrel with a. diamond bit cuts an annular space around a cylindrical prism of
the material sampled. The sample is retrieved by a catcherJust above the bit. Samples recovered
by this procedure are placed in sturdy containers in sequential order.



STS Field and Laboratory Procedures

SAMPLING PROCEDURES

Auger Sampling AS

In this procethue, soil samples are ollected from cuttings off of the auger flights as they are
removed from the ground. Such samples provide a general Indication of subsurface conditions;
however, they do not provide undisturbed samples, nor do they provide samples from discrete
depths.

Split-Barrel Sampling SS - ASTM Standard D-1S86-84

In the split-barrel sampling procedure, a 2 Inch O.D., split barrel sampler is driven Into the soil a
distance of 18 Inches by means of a 140 pound hammer.falling 30 Inches. The valueof the Stan
dard Penetration Resistance Is obtained by counting the number of blows of the hammer over
the fInal 12 Inches of driving. This value provides a qualitative Indication of the hi-place relative
density of coheslonless soils. The Indication Is qualitative only, however, since many factors
can significantly affect the Standard Penetration Resistance Value, and direct correlation of
results obtained by drill crews using different rigs, drilling procedures, and hammer-rod-spoon
assemblies should not be made. A portion of the recovered sample is placed in a sample jar and
returned to the laboratory for further analysis and testing.

Shelby Tube Sampling Procedure ST - ASTM Standard D-1887-83

In the shelby tube sampling procedure, a thin-walled steel seamless tube with a sharp cutting
edge Is pushed hydraulically Into the soil and a relatively undisturbed sample Is obtained This
procedure is generally employed in cohesive soils. The tubes are carefully handled in the field
to avoid excessive disturbance and are returned to the laboratory for extrusion and further
analysis and testing.

Glddlngs Sampler GS

This type of sampling device consists of 5-ft. sections of thin-wall tubing which are capable of
retrieving continuous columns of soil In 5-ft. maximum Increments. Because of a continuous
slot In the sampling tubes, the sampler allows field determination of stratification boundaries
and cOntainerization of soil samples from any sampUng depth within the 5-ft. interval.



STS Field and Laboratory Procedures

LABORATORY PROCEDURES

Water Content Wc

The water content of a soil Is the ratio of the weight of water in a. given soil mass to the weight
of the dry soil. Water content Is generally expressed as a percentage.

Hand Penetrometer Qp

In the hand penetrometer test, the unoonfined compressive strength of a soil is determined,
to a maximum value of 4.5 tons per square foot tsD, by measuring the resistance of the
soil sample to penetration by a small, spring-calibrated cylinder. The hand penetrometer test
has been carefully correlated with unconfined compressive strength teats, and thereby
provides a useful and a relatively simple testing procedure in which soil strength can be quickly
and easily estimated.

Unconfined Compression Teats Qu

In the unconfined compression strength test, an undisturbed prism of soil Is loaded dally
until failure or until 20% strain has been reached, whichever occurs first.

Dry Density sn

The dry density is the quantity used as a measure of the amount of solids in a unit volume
of Boil aggregate. Use of this value Is often made when measuring the degree of compaction
of a soil.

Classification of Samples

In conjunction with the sample testing program, all soil samples are examined In our Iabo-
ratory and classified on the basis of their texture and plasticity In accordance with United
Boil Classification System USCS. The soil descriptions on the boring logs are In conformance
with this iystem and the estimated group symbols according to this system are included In
parentheses following the soil descriptions on the boring logs. Included on a separate sheet
entitled "General Notes" is a brief explanation of this system of soil classification.



STS Standard Boring Log Procedures

STS CONSULTANTS, LTD.

In the process of obta-inlng and testing samples and preparing this report, standard procedures
are followed regarding field logs, laboratory data sheets and samples.

Field logs are prepared during performance of the drilling and sampling operations and are in
tended to essentially portray field occurrences, sampling locations and procedures.

Samples obtained In the field are frequently subjected to additional testing and reclassification In
the laboratory by more experienced soil engineers, and differences between the field logs and the
final logs may exist.

The engineer preparing the report reviews the field and laboratory logs, classifications and test
data, and usingjudgment and experience in Interpreting this data, may mR.ke further changes.

Samples taken In the field, some of which are later subjected to laboratory tests, are retained In
our iaboratory for sIxty days and are then destroyed unless special disposition Is requested by our
client. Samples retained over a long period of time, even In sealed jars, are sutJect to moisture loss
which dhnges the apparent strength of cohesive soil, generally Increasing the strength from what
was originally encountered In the field. Since they are then no longer representative of the
moisture conditions initially encountered, observers of these samples should recognize this
factor.

It Is common practice In the geotecbnical engineering profession that field logs and laboratory
data sheets not included in engineering reports, because they do not represent the engineer’s
final opinions as to appropriate descriptions for conditions encountered in the exploration and
testing work. On the other hand, we are aware that perhaps Certain contractors and suboontrac
tore submitting bids or proposals on work might have an interest in studying these documents
before submitting a bid or proposal. For this reason, the field logs are retained In our office for
review by afloontractors submitting a bid or proposal. We would welcome the opportunity to ex
plain any oh.nges that have been and typically are made in the preparation of our final reports, to
the contractor or subcontractors, before the firm submits its bid or proposal, and to describe how
the information was obtained to the extent the contractor or subcontractor wishes. Results of
laboratory tests are generally shown on the boring logs or are described in the text of the report,
as appropriate.

The descriptive terms and symbols used on the logs are described on the attached sheet, entitled:
"General Notes".



STS Sampling Procedures

46Tt
AMERICANSOCIETYFOR TESTLZWAND MATERIALS

StandardMethodfor
PENETRATIONTESTANDSPLITBARRELSAMPLINGOF 8011a81

This standard is Issued imdª the tired lg" D 1586; the number tmmella&&y following the 51 nje‘ the yr at iglnsl
adoption or. In the cese of revision, the yesr of the last revision. A number In parentheses "4" the year of last resppra’val. A superscript
epeflon f an editorial change since the last revision or

This method has been approved for use by agencies of the Department of Defense and for listing in the DOD Inder of Bpeciflee.tions and
Bt&ndardL

1. Scone

1.1 This method describes the proce
dure, generally known as the Standard
Penetration Test SPT, for driving a
sptit-barrel sampler to obtain a repre
sente.tlve soil sample and a measure of
the reelstanoe of the soil to penetration
of the saxnpler

1.2 This standard may Involve bee
ardous materials, operations, and
equipment. This standard does not
purport to address all of the safety
problems associated with its use. It Is
the responsibility of whoever uses this
standard to consult and establish ap
proprls.te safety and health practices
and determine the applicability of rag
ulatory limitations prior to use. Por a.
Specific precautionary statement, see
5.4.1.

1.3 The values stated In Inch-pound
units are to be regarded as the stan-
dar

S. Applicable Documents

2.1 ABTM Standards:

D2487 Test Method for ClassIfIcation
of Boils for Sogineering Purposes2

D2488 Practice for Description and
Identification of Soils Visual-

* Manual Procedure2
14220 PractIce for Preserving and
TransportIng Soil Samples2

5Descrfotions of Terms Suscific to

strikes and through which the ham
mer ener- passes Into the drill rods.

3.2 cathead-the rotating drum or
windlass In the ropecathead lift sys
tem around which the operator wraps
a rope to lift and drop the nner by
suooesslve]y tightening and loosening
the rope turns around the drum.

3.3 drIll rode-rods used to transmit
downward force and torque to the drill
bit while drilling a borehole.

3.4 drive-weIght assembly-.. device
consisting of the hammer, hner
fall guide, the anvil, and any
drop system.

3.8 hammer-that portion of the
drive-weight assembly consisting of
the 140 – 2 lb 63.6 – 1 kg Impact
weight which Is successively lifted sod
dropped to provide the energy that. ae
oompllshes the sampling and penetra.
tIon

3.8 hwer drop system-4hat por
tion of the drive-weight assembly by
which the operator accomplishes the
lifting and dropping of the hanmer to
produce the blow.

37 haiivner fell guide--that part of
the drive-weight assembly used to
guide the fall of the bsrrTner.

3.8 N-value--the blowcount repre
sentation of the penetration resistance
of the soU. The N-value, reported In
blows per foot, equals the sum of the
number of blows required to drive the
sampler over the depth Interval of 8 to
18 in. 150 to 450 mm see 7.3.

Intervals of sampler penetration see
73

3.10 number of rape turns-the total
contact angle between the rope and the

at the beginning of the opera
tor’s rope ha to drop the barn-
me; divided by $60 see Fit. 1.

3.11 sampling rode--rods that con
nect the drive-weight assembly to the
samplen Drill rods are often used for
this purpose.

3.12 SPT-abbrevlatlon for Standard
Penetration Test, a term by which en
gineers commonly refer to this
method.

4. ILsnifIean an&i.

4.1 This method provides a soil sam
ple for frian4fUon purposes and for
laboratory tests appropriate for ioU
obtained from a sampler that may pro
duce large shear strain disturbance in
the sample.

4.2 This method Is used extensively
in a great variety of geotecbnlcal ex
ploration ProjeCts. Many local correla
tions and widely published oorrela
tions which relate BPT blowooiuit, or
N-value, and the engineering behavior
of earthworka and foundation are
available.

- lThla method Is nuder the iwisdieson Cf ASTht
o’-. Die es Sail inS Rock sod Is lbs direst
rs.ponslbl1Jt of m’mimt-., 01602 on
Ing sod RSl&Z.d Yield Testing for Soil 1nssti4a
tions.

Currant edition spprov.d Sept 11, 1964.
Published Novnub.r 1964. Origtnsily published
as D1U6.-58T. List previous sditlon D1586-67
1914.

-- fl.a_4 _l IA flR

This Standard

1 n11.js.t nortlon of the drive- 3.9 .N-the number of blows ob



ASTM Designation: 0 1586
8. Apparatus

5. 1 Drilling Equipment-Any dril
ling equipment that provides at the
time of sampling a suitably clean open
hole before Insertion of the sampler
and ensures that the penetration test
Is performed on undisturbed soil shall
be acceptable. The following pieces of
equipment have proven to be suitable
for advancing a borehole In some sub
surface conditions,

5.1.1 Drag, Cbopptn.g, and FiShtail
Bits, less than 8.8 In. 162 mm and
greater than 2.2 In. 86 mm In diamet
er may be used in conjunction with
open-hole rotary drilling or casing-
advancement drilling methods. To
avoid disturbance of the underlying
soil, bottom discharge bite are not per
mitted. only side discharging bits are
permitted.

6.1.2 Roller-Cone Bits, less than 6.6
In. 162 mm and greater than 2.2 in.
58 mm In diameter may be used in
conjunction with open-hole rotary
drlll.in.g or casing-advancement drill
ing methods If the drilling fluid dis
charge is deflected.

5.1.3 Hollow-Stem Continuous
Flight Augers, with or without a cen
ter bit assembly, may be used to drill
the boring. The Inside diameter of the
hollow-stem augers shall be less than
6.6 in. 162 rn,m and greater than 2.2
In. 58 mm.

5. L4 Solid, Continuous Filbt,
Bucket and Rand Augers, lou than 6.6
in. 162 mm and greater than 2.2 In.
66 mm In diameter may be used If the
soil on the side of the boring does not
cave onto the sampler or sampling
rods during sampling.

5.2 SamplIng Rods-Flush-Joint
steel drill rods shall be used to connect
the split-barrel sampler to the drive-
weight assembly. The sampling rod
shall have a stiffness moment of max’
tia equal to or greater than that of
parallel wall A rod a steel rod
which has an outside diameter’of 1%
In. 41.2 mm and an Inside diameter
of 1l In. 28.8 mm.

101* 1-R.c.nt and oomparltiv.
tilttoj bAt tb. pe rod used. wuh aUto...
resng frc ‘A’ at,.. rod to ‘5’ else rod, will
uaus Mv. a rm5uglbLe on tha N-value, to
depths of . toast 100 ft 30 -

6.3 Split-Barrel Sampler-The sam-
pier shall be constructed with the di
mensions Indicated In FIg. 2. The driv
Ing Shoe shall be of hardened steel and
sbzfl be replaced or repaired when It

becomes dented or distorted. The use
of liners to produce a constant Inside
diameter of 134 in. 35 mm Is permit
ted, but shall be noted on the penetra
tion record If used. The use of a sample
retainer basket is permitted, and
should also be noted on the penetra
tion record if used.

NOTZ 2-Both theory and avs3Isbi. teat date.
suL4sat that N-Values ay to’.aa. b.tw.en 10 to
30% wb.n liners era used.

6.4 Drive-Weight Assembly:

5.41 mmer and Anvil-The ham
mer shall weigh 140 2 lb 63.6 – I
k and shall be a. solid rigid met&llic
mass. The -"er shall strike the an
vil and make steel on steel contact
when it Is dropped. A .mer fall
guide permitting a free tail shall be
used. Hammers used with the cathead
and rope method shall have an unhin
peded overllft capacity of at least 4 in.
100 mm. for safety reasons, the use
of a h.rmer assembly with an Inter
nal anvil is encouraged.

3101* 3.-it Ii augest.d that tZ. hsr t*fl
guide b. psrrnaoentiy ueo*..d to abto the cpa
to, tosptojudge ths vp hslCt.

8.4.2 Rammer Drop System-Rope
cathead, trip, semi-automatic, or auto
matic b*n.er drop systems may be
used, providing the lifting apparatus
will not cause penetration of the
sampler while re-engaging and lifting
the ha.?nimsr.

6.8 Accessory quipment-Aocee
sories such as labels, sample contain
ers, data sheets, and groundwater lev
el measwlng devices shall be provided
In accordance with the requirements
of the project and other ASTM stan-
dards.

6. DTUUs4 Procedure

6.1 The boring shall be advanced In
crementally to permit Intermittent or
continuous sampling. Test Intervals
and locations are normally stipulated
by the project engineer or geologist.
Typically, the Intervals selected are 8
ft 1.6 m or less in homogeneous
strata with test and sampling locations
at every chauZe of strata.

6.2 Any drilling procedure that pro
vides a suitably clean and stable hole
before insertion of the sampler and as
sures that the penetration test Is per
formed on essentially undisturbed soil
shall be aooeptable. Each of the follow-

ing procedures have proven to be ac
ceptable for some subsurface condi
tions. The subsurface conditions anti
cipated should be considered when se
lecting the drilling method to be used.
6.2.1 Open-hole rotary drilling

method-
6.2.2 Continuous flight hollow-stem

auger method.
6.2.3 Wash boring method.
6.2.4 ContInuous flight solid auger

method.
6.3 Several drilling methods produce

unacceptable borings. The process of
Jetting through an open tube sampler
and then sampling when the desired
depth Is reached shall not be permit
ted. The continuous flight solid auger
method shall not be used for advanc
ing the boring below a water table or
below the upper confining bed of a
confined non-cohesive stratum that Is
under artesian pressure. Casing may
not be advanced below the sampling
elevation prior to sampling. Advancing
a -boring with bottom discharge bits Is
not permissible. It is not permissible
to advance the boring for subsequent
Insertion of the sampler solely by
means of previous sampling with the
apr sampler.

6.4 The drilling fluid level within the
boring or hollow-stem augers shall be
maintained at or above the in situ
groundwater level at all times during
drilling, removal of drill rods, and
sampling.

!.!Plii
7.1 After the boring has been ad

vanced to the desired sampling eleva
tion and excessive cutungs have been
removed, prepare for the test with the
following sequence of operations.
7.L1 Attach the apllt-be.rrsl sampler

to the sampling rods and lower into
borehole. Do not allow the sampler to
drop onto the soil to be sampled-
7.1.2 PositIon the hammer above

and e.’ the anvil to the top of the
sampling rods. This may be done be
fore the sampling rods and sampler
are lowered into the borehole.

7.1.3 Rest the dead weight of the
sarnpler rods, anvil, and drive weight
on the bottom of the boring and apply
a seating blow. If excessive cuttings
are encountered at the bottom of the
boring, remove the sampler and sam
pling rods from the boring and remove
the cuttings.

7.1.4 Mark the drill rods in three
successive 6-In. 0.1 5-m Increments
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so that the advance of the sampler un
der the Impact of the hammer can be
easily observed for each 6-in. 0.15-rn
increment.

7.2 Drive the sampler with blows
from the 140-lb 65-kg hammer and
count the number of blows applied in
each 6-tn. 0.15-zn Increment until
oni of the following occurs:

7.2.1 A total of 50 blows have been
applied during any one of the three
6-in. 0.15-rn increments described in
7.L4.
7.2.2 A total of 100 blows have been

applied.

7.2.3 There Is no observed advance
of the sampler during the application of
10 successive blows of the hammer.

7.2.4 The sampler Is advanced the
complete 18 In. 0,45 m without the
limiting blow counts occurring as de
scribed in 7.2.1, 7.2.2, or 7.2.3.

7.3 Record the number of blows re
quired to effect each 6 in. 0.1Sm of
penetration or fraction thereof. The
first 8 in. Is considered to be a seating
drive. The sum of the number of blows
required for the second and thIrd 6 In.
of penetration is termed the ‘standard
penetration resistance’, or the
‘N-value’. If the sampler Is driven
less than 18 In. 0.45 rn, as permitted
in 72.1, ‘7.2.2, or 7.2.3, the number of
blows per each complete C-tn. 0.15-zn
Increment and per each partial incre
ment shall be recorded on the boring
log. For partial Increments, the depth
of penetration shell be reported to the
nearest 1 In. 25 mm, In addition to
the number of blows. If the sampler
advances below the bottom of the bor
ing under the static weight of the drill
rods or the weight of the drill rods plus
the static weight of the hammer, this
Information should be noted on the
boring log.

7.4 The raising and dropping of the
140-lb 63.6-kg hammer shell be ac
complished using either of the follow
ing two methods:

7.4.1 By using a trip, automatic, or
semi-automatic hammer drop system
which lifts the 140-lb 83.8-kg ham
znerandaflowslttodrop3oi 1.01..
0.76 m – 25 mm unimpeded.

7.4.2 By using a cathead to pull a
rope attached to the hammer. When
the cathead and rope method is used
the system and operation shall con
form to the following:

7.4.2.1 The cathea.d shall be essen
tially free of rust, oil, or grease and
baveadlameter In the range of6to 10

‘

7.4.2.2 The cathead should be
operated at a. minimum speed of rota
tion of 100 RPM. or the approximate
speed of rotation shall be reported on
the boring log.

7.4.2.3 No more than 2 rope turns
on the cathead may be used during the
performance of the penetration test, as
shown In Fig. 1.

NOTS 4-Tb. oparstor should g.n.rafly use
either li CC 2* rop. turns. d.p.ndlng upon
Wh.th.r or sot the iop. oo.i off Sb. top 1t
turns or Sb. boUO 2* turns of Sb. ....j..A

ls 55n5r557 known aM aoospt.ed that 2*0? or.
rope au-na oonaid.sbty knp.d.a Sb. f.ll of the
bamma’ and ibdd not be u..d to p.rferm Sb.
tarn.. The ‘‘ TOPS ahould be --"--‘‘d *n a
roauv.Zy dry, clean, and znfray.d-o

7.4.2.4 For each amrner blow, a
80-in. 0.76-rn lift and drop shall be
employed by the operator. The opera
tion of pulling and throwing the rope
shall be performed rhythmically with
out holding the rope at the top of the
stroke.

7.8 Bring the sampler to the surface
and open- Record the percent recovery
or length of sample recovered. De
scribe the soil samples recovered as to
composition., color, stratification, and
condition, then place one or more rep
resentative portions of the sample Into
sealable moisture-proof containers
Jars without y.arnvfling or distorting
any apparent stratification. Seal each
container to prevent evaporation of
soil moisture. Affix labels to the con
taJners bearing job designation, bor
ing number, sample depth, and the
blow count per 6-In. 0-16-rn Incre
ment. Protect the samples against ex
treme temperature ch&nes. If there Is
a soil change within the sampler,
make a. jar for each stratum and note
its location In. the sampler barreL

3. Eseert
8.1 Drilling information shall be

recorded In the field and shall Include
the following:

8.1.1 Name and location of job,

8.1.2 Names of crew,

8.1.3 Type and make of drilling

6.1.4 Weather conditions,

8.1.5 Date and time of start and
finish of boring,

8.1.6 Boring number and location
station and coordinates, If available
and applicable,

8.1.? Surface elevation, If available,

8.1.8 Method of advancing and
cleaning the boring,

8.L9 Method of keeping boring
open,

8.1.10 Depth of water surface and
drilling depth at the time of a noted
loss of drilling fluid, and time and date
when reading or notation was made,

8.1.11 LocatIon of strata changes,

8.1.12 SIze of cuing, depth of cased
portion of boring,

8.1.13 Equipment and method of
driving sampler,
8.1.14 Type of sampler and length

and Inside diameter of barrel note use
of liners,

8.1.18 SIze, type, and section length
of the sampling rods, and

8.1.16 Remarks.
8.2 Data obtained for each sample

shall be recorded In the field a.nd shall
Include the following:

8.2.1 Sample depth and, If utilized,
the sample number,

8.2.2 Description of soil,
8.2.3 Strata changes within sample,

8.2.4 Sampler penetration and re
covery lengths, and

8.2.8 Number of blows per 6-in.
0.15-rn or partial Increment.

9. Preeteton andElse

9.1 VarIations In. N-values of 100%
or more have been observed when us
lug different standard penetration test
-apparatus and drillers for a4J.cent
borings In the same soil-formation.
Current opinion, based on field experi
ence, Indicates that when using the
same apparatus and driller, N-values
In the same soil can be reproduced
with a, coefficient of variation of about
10%.

9.2 The use of faulty equipment,
such as an extremely massive or dam
aged anvil, a rusty cathes,d, a low
speed cathead, an old, oily rope, or
massive or poorly lubricated rope
sheaves can significantly contribute to
differences in N-values obtained be
tween. operator-drill rIg systems.

5.3 The variability In N-values pro
duoed by different drill rigs and opera
tors may be reduced by measuring
that part. of the hammer energy deliv
ered Into the drill rods from the sam
pler and adjusting N on the basis of
comparative energies. A method for
energy measurement and N-value ad
jusunent is currently under develop
ment.
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Standard Practice for
T1tLL-WM.T.1TwSE SAMPLINGOF 8011.51

This standard Is issued under the fixed designatIon D 1887; the number bumedlately following lb. 1gna–inn fnilfrt. uze year of original
sdo$lon or, in the case of revision, the year of the last revision. A number in parentheses - of ‘-
epsilon han editozial change sines the ls.st revision or reapproval.

Tbi practjłe a.g been approved for use by agencies of the Department of Defense and for Hating In t DOD index as Bpec*ficstions and
Standards.

1. Scope
1.1 This practice covers a. procedure

for using a thin-walled metal tube to
recover relatively undisturbed soil
samples suitable for laboratory tests of
structural properties. Thin-walled
tubes used in piston, plug, or rotary
type samplers, such as the Denlson or
Pitcher, must comply with the por
tions of this practice which describe
the thin-walled tubes 8.3.

nun i-mis prsloe doss n sppy Ic linars
uISd Wth he sboV. ssmplsrs.

a. appucaig. Documents
2.1 ABTM Standards:
D2488 Practice for Description and
IdentIficatIon of Boils Visual
Manual procedure2

13550 Practice for Ring-Lined Barrel
Sampling of 801152

14220 Practice for Preserving and
Transporting Soil Samples2

S. 5’yat Practice
31 8 relatively undisturbed sample

Is obtained by pressing £ thin-wallid
metal tube into the In-situ soil, remov
ing the soil-filled tube, and sealing the
ends to prevent the soil from being dis
turbed or losing moisture.

4. BIgnIticsnc.andUs.
4.1 ThIs practice, or Practice 13580,

Is used when it Is neoessaiy to obtain a
relatively undisturbed specimen suita
ble for Laboratory tests of structural
properties or other tests that might be
influenced by soil disturbance.

5. Apparatus
5.1 DrIlling Equipment-Any drill

ing equipment may be used that pro
vides a reasonably clean hole; that
does not disturb the soil to be sampled
and that does not hinder the penetra
tion of the thin-walled sampler. Open

borehole diameter and the inside dia
meter of driven casing or hollow stem
auger shall not exceed 3.6 tImes the
outside diameter of the thin-walled
tube.
8.2 Sampler Insertion Equipment,

shall be adequate to provide a relative
ly rapid continuous penetration force.
For bard formations It may be neces
sary, although not recommended., to
drive the thin-walled tube sampler.
6.3 Tbi.n-Ws.lled Tubes, should be

manufactured as shown in Fig. 1.
They should have an outside diameter
of 2 to 5 In. and be made of metal hav
ing adequate strength for use in the
soil and formation intended. Tubes
shall be clean and tree of all surface ir
regularities Including projecting weld
seams.

5.3.1 Length of Tubes-See Table 1
and 6.4.

8.3.2 Tolerances, shall be within the
limits shown In Table 2.

3.3.3 inside Clearance Ratio, should
be 1% or as specified by the engineer
or geologist for the soil and formation
to be sampled. Generally, the inside
clearanoe ratio used should Increase
with the Increase In plasticity of the
soil being sampled. See FIg 1 for dafin
ition of inside clearance ratio.

5.3.4 Corrosion Protection-Corro
sian. whether from galvanic or chemi
cal reaction, can damage or destroy
both the thin-walled tube and the sam
ple. Severity of n*ga Is a function of
time as well as Interaction between the
sample and the tube. Thin-walled
tubes should have some form of pro
tective coating. Tubes which will con
tain samples for more than 72 h shall
be coated. The type of coating to be us
ed may vary depending upon the mate
na.! to be sampled. Coatings may In
clude a light coat of lubricating oil, leo
quer, epo, Teflon, and others. Type
of coating must be specified by the en-

gineer or geologist it storage will ex
ceed 72 h. Plating of the tubes or alter
nate base metals may be specified by
the engineer or geologist..

8.4 Sampler Read, serves to couple
the thin-walled tube to the Insertion
equipment and, together with the thin-
walled tube, comprises the thin-walled
tube sampler. The sampler bead shall
contain , suitable check valve and ,
venting area to the outside equal to or
greater than the area through the
check valve. Attachment of the head to
the tube shall be concentric and oo&x
lal to assure uniform application of
force to the tube by the sampler inser
tion equipment
5. Procedure
61 Clean out the borehole to sam

pling elevation, using whatever method
Is preferred that will ensure the mate
rial to be sampled Is not disturbed. if
groundwater Is ncountered, maintain
the liquid level in the borehol, at or
above ground water level during the
sampling operation.
6.2 Bottom discharge bite are not

permitted.. Side discharge bits may be
used, with aution.. Jetting througii an
open-tube sampler to clean out the
borehole to sampling elevation Is not
permitted. Remove loose material from
the center of £ casing or hollow stem
auger as carefully as possible to avoid
disturbance of. the material to be
sampled.

l7jg UOdsr tha Jur1M
on Soil and Sock and Is lb. dfr.

re.ponslbWty of Subooumm.. 1115.02 on Ban
pLlog and Ralated Pisid Vslng for soil Invsstlga

Cinvea sdon *,y.v..d Lug. 17, 1053. Pub
BabeS Oolcbsr 1953. Ortgioafly pbIlab.d as D
1587-Set Le pr,vtoua sicn 111587-74.

Sknnn*1 sock ARTIS 5t*n,*pd Vol 04.05.

frm Annua.l Book of ASTM 8tandazd, Volume 04.08
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NOTE 2-Roller bits are available in down

ward-Jetting and diffused-Jet configurationS.
wnwad-JeU.tng confIguration rock bits are not

ptsble. Diffuse-Jet configurations are general
ly acceptable.

6.3 Place the sample tube so that its ject,
bottom rest.s on the bottom of the hole.
Advance the sampler without rotation
by a continuous relatively rapid mo
tion. -

6.4 Determine the length of advance
by the resistance and condition of the
formation, but the length shill never
exceed 8 to 10 diameters of the tube in
sands and 10 to 16 diameters of the
tube In clays.

NOTE E-Wsit of sap1e, laboratory band
hog aM1fUa., transportatIon pz’cblern*. and
commercial avsllabIllty of tubes will generally
flmZ ulaxirnum pralEtnel 1enhs to those shown
lnl’able 1. -

6.5 When the formation is too hard
for push-type Insertion, the tube may
be driven or Practice D3550 may be us
ed. Other methods, as directed by the
engineer or geologist, may be used. If
driving methods are used, the data re
garding weight and fall of the hammer
and penetration achieved must be
shown In the report. Additionally, that
tube must be prominently labeled a
driven sample.’
6.6 In no case shall a length of ad-

be greater than the sample-tube
ngth minus an allowance for the

sampler head and a ,nirimum of 3 In.
for sludge-end cuttings.

NOTE 4-.The tube may be rotated to shear bot
torn ci the sample after pressing is coropleta

6.7 Withdraw the sampler from the
formation as carefully as possible In
order to minimize disturbance of the
sample.

7. Preparation for $blpment
7.1 Upon removal of the tube, meas

ure the length of sample In the tube.
Remove the disturbed material In- the
upper end of the tube and measure the
length again. Seal the upper end of the
tube. Remove at least 1 in. of material
from the lower end of the tube. Use
this material for soil description in so
oordanoe with Prsctloe D2488. Meas
ure the overall sample length. Seal the
lower end of the tube. Alternatively,
after measurement, the tube may be
sealed without removal of soil from the
ends of the tube If so directed by the
engineer or geologist.

NOTE 6-Field usloO and pp’f of ex
truded saptes imder the specie direecon ci a
gectechniosi engineer or geologist is permmed.

NOTE 6-’rubes ss.4d over the cods as opposed
to those sealed with expanding packers should

cILIA end padding in end voids In order to pee
ct drainage or movement of the sampi. within

the inbe.

7.2 Prepare and Immediately affix
labels or apply-markings as necessary
to Identify the sample. Assure that the
markings or labels are adequate to
survive transportation and storage.

8. Report
8.1 The appropriate information is

required as follows:
8.1.1 Name and location of the pro-

8.1.2 Boring number and precIse lo
cation on project,

8.1.3 Surface elevation or reference
to a datum,

8.1.4 Date and time of boring-start
and finish,
8.15 Depth to top of sample and

number of samples,
8.1.6 DescrIption of sampler: size.

type of metal, type of coating,
8.1.? Method of sampler Insertion:

push or drive,

T4.*L* 1 5el*ebl. Thia-Wall.d Sisal lesaple Tubal4
Outside dismaler

an. 2 5 5
mm 00.5 76.2 127

Wall thickn&
51 15 ie 11
in. 004a 0.006 0.1.00
mm 1.24 1.66 LOS

Tubs isngth
In- 36 56 84
rn o.ai ogi its

Q..Z$ZIOSr$UO.% 1 1 1

8.1.8 Method of drilling, size of hole,
casing, and drilling fluid used,
8.1.9 Depth to groundwater level:

date and time measured,
8.1.10 Any possible current or tidal

effect on water level.
8.1.11 8011 description In accordance

with Practice D2488,
8.1.12 Length of sampler advance,

and
8.1.13 Recovery: length of sample

obtained.

L Predsion and Bias
9.1 ThIs practice does not produce

numerical dsta. therefore, a precision
and bias statement Is not applicable.

telLs * *‘-‘ !cisrwss Thia-Wedlad tubas

Wcoinal Tubs Diasestor, from TibI

*iasOuiaida
Dia.mstor

Outstd.- +0.007 +0.010 +0.015
-0.000 -0.000 -0.000
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ATh. the.. diamsim, r.commendsd 20 TiLI. 1. as. in
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aultsd to timid oodlllcns.

4Inteeuimdjmtm or largor ---, should ha prop..’
boral. Tolisaneas s1M as, -‘ly standard oum
asidial aanufaomrtng lahasa... for a-"- sisal
-"-.-‘ bibing. Specify My two ci lbs tirsi lbs.. Sal
wsams that Is. 0.0. and 1.0.. or 0.0. or 0.0. sod Wall, or
1.0. and Wall.

Lenqth as Sp.cd.ed it Method

_______
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Field Vane Shear Test in Cohesive Soil’

ThU u.zndard is it.ued udr the fised dnsigrt3tion 02573. the number irnrnedutnly f&ton.ing the designation intjicates
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This jandard hat beet, approved fi,w use by agencies of lilt Dtpartment of Deft’ue Cooctth the Dot Index of Specjficasions cod
Sw.ndards for the sprcfic year of tssue ivhic#i has been adopted by the Depavfnientt of Defense

1. Scope
LI This test method covers the field vane test in soft,

saturated, cohesive soils. Knowledge of the nature of the soil
in which each vane test is to be made is necessary for
assessment of the applicability and interpretation of the test.

1.2 Th values stated in inch-pound units arc to be
regarded as the standard. The SI units given in parentheses
are for information only.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. it is the
responsibility of the user of this standard to establish appro
priate safety and health practices and determine tile applica
bility ofregulatory limitations prior to use.

2. Summary of Test Method
2.! The vane shear test basically consists of placing a

four-bladed vane in the undisturbed soil and rotating it from
the surface to determine the torsional force required to cause
a cylindrical surface to be sheared by the vane; this force is
then converted to a unit shearing resistance of the cylindrical
surface. It is of basic importance that the friction of the vane
rod and instrument be accounted for-, otherwise, the friction
would be improperly recorded as soil strength. Friction
measuremeot.s under no-load conditions such as the use of a
blank stem in place of the vanes, or a vane that allows some
free rotation of the rod prior to loading are satisfactory only
provided that the torque is applied by a balanced moment
that does not result in a side thrust. As torsional forces
become greater daring a test, a side thrust in the instrument
will resuh in an increase in friction that is not accounted for
by initial no-load readings. Instruments involving side thrust
are not recommended. The vane rod may be of sufficient
rigidity that it does not twist under full load conditions;
othrwic a correction must be made for plotting torque-
rotE on curves.

3. SIgnificance nd Use
3.1 This test method provides an indication of in-situ

shear strength.
3.2 This test method is used extensively in a variety of

ieotechnical explorations, such as in cases where a sample

‘Th - tflCtttOd U undet thc jianisdicajon of ASTM Committee 0- 8 on Soiland .edt $t4 tithe dirccj r nJbiIityofSummrites 018.02 on Samplingand L*MCd RaId Tathg toe Soil lnvctsiptions.
Cusya,t tditaoti Ipnsay,4 Scpt, 15. 1994. Published November 1994. 0riginllyPt*thsd Ut 1373_ 67 1. Last previous iit.ion 02573 -721978.

for laboratory testing cannot be obtained.

4. Apparatus
4.1 The vane shall consist of a four-bladed vane as

illustrated in Fig. 1. The height of the vane shall be twice the
diameter. Vane dimensions shall be as 8pecified in Table 1.
Sizes other than those specified in Table I shall be used only
with the permission of the engineer in charge of the boring
program. The ends of the vane may be tapered see Fig. 1.
The penetrating edge of the vane blade shall be sharpened
having an included angle of 90’.

4.2 The vane shall be connected to the surface by means
of steel torque rods. These rods shall have sufficient diameter
such that their elastic limit is not exceeded when the vane is
stressed to its capacity Note 1. They shall be so coupled that
the shoulders of the male and female ends shall meet to
prevent any possibility of the coupling tightening when the
torque is applied during the test. If a vane housing is used,

FIG. 1 Geometry ot Field Varte

+
aCcTAsr.ut.Ai vA.iE

A Sucarziaq of Ck&ages section appears at he end of this test method.
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TABLE 1 Recnmer,ciod Ofmenslor,z of Field Vanei’

AX

NX
4 k. 10L6 mm8

Oamete.
ti. mm

1‰ 38.1
2 50.8
2‰ 63.5
Y’92.1

‰oihi.
w. mm

3 76.2
4 101.6
5 127.0
7V. 184.1

T.dcne of B.ade. mm

V 1.6
‘A. 1.6
‰ 2.2
‰ 3.2

the torque rods shall be equipped with well-lubricated
bearings where they pass through the housing. These bear
ings shall be provided with seals to prevent soil from entering
them. The torque reds shall be guided so as to prevent
friction from developing between the torque rods and the
walls of casing or boring.
NOTE I-If torque versus rotation curves are to be determined, it is

essential that the torque rods be calibrated prior to use ia the field. The
amount of rod tvst if any must be established in degrees per foot per
unit torque. This correction becomes progressively more important as
the depth of the test increases and the calibration must be made at least
to the maximum depth of testing anticipated:

4.3 Torque shall be applied to the torque rods, thence to
the vane. The accuracy of the torque reading should be such
that it will produce a variation not to ctccccd –25 lb/ft2 1.20
kPa shear strength.

4.4 it is preferable to apply torque to the vane with a
geared drive. In the absence of a geared drive, it is acceptable
to apply the torque directly by hand with a torque wrench or
equivalent. The duration of the test should be controlled by
the requirements of 5.3.

5. Procedure
5.1 In the case where a vane housing is used, advance the

housing to a depth which is at least five vane housing
diameters less than the desired depth of the vane tip. Where
no vane housing is used, stop the hole in which the vane is
lowered at a depth such that the vane tip may penetrate
undisturbed soil for a depth ofat least five times the diameter
of the hole.

5.2 Advance the vane from the bottom of the hole or the
vane housing in a single thrust to the depth at which the test
is to be conducted. Take precautions to make sure no torque
is applied to the torque rods during the thrust.

5.3 With the vane in position, apply the torque to the
vane at a rate which should not exceed 0.1/s. This generally
requires a time to Ihilure of from 2 to 5 mm, except in very
-soft clays where the time to failure may be as much as JO to
15 mm. In stiffer materials, which reach failure at small
deformations, it may be desirable to reduce the rate of
angular displacement so that a reasonable determination or
the stress-strain properties can be obtained. During the
rotation of the vane, hold it at a fixed elevation. Record the
maximum torque. With apparatus with geared drives, it is
desirable to record intermediate values of torque at intervals
of 15 s or at lesser frequency if conditions require.

5.4 Following the determination of the maximum torque,
rotate the vane rapidly through a minimum of 10 revolu
tions; the determination ofthe remoulded strength should be
started immediately after completion ofrapid rotation and in
all cases within 1 mm after the remouldirig process.

5.5 In the case where soil is in contact with the torque

rods, determine the friction between the soil and the rod by
means of torque tests conducted on similar rods at similar
depths with no vane attached. Conduct the rod friction test
at least once on each site; this shall consist of a series of
torque tests at varying depths.

5.6 In apparatus in which the torque rod is completely
isolated from the soil, conduct a friction test with a blank rod
Note 2 at least once on each site to determine the
magnitude of the friction of the bearings. In a properly
functioning vane apparatus, this friction should be negligible.
NOTE 2-In some cases it is not necessary to remove the vane for the

friction lest. As long as the vane is not in contact with the soil, that is,
where it is retracted into a casing, the friction measurement is nol
affected.

5.7 Conduct undisturbed and remoulded vane tests at
intervals of not less than 2‰ ft 0.16 in throughout the soil
profile when conditions will permit vane testing Note 3. Do
not conduct the vane test in any soil that will permit
drainage or dilates during the test period, such as sands or
silts or in soils where stones or shells are encountered by the
vane in such a manner as to influence the results.
Norr 3-This spacing may be varied only by the engineer in charge

of the boring program.

6. Calculation
61 Calculate the shear strength of the soil in the following

manner The turning moment required to shear the soil is as
follows:

T s x K
where:
T = torque, lbf-ft or N’m,
s shear strength of the clay, lbf/ft2 or kPa, and
K constant, depending on dimensions and shape of the

vane, ft3 or m’.
62 Assuming the distribution of the shear strength is

uniform across the ends of a cylinder and around the
perimeter, calculate the value of K as follows:
Inch-Pound Units:

Metric Units:
K- r/1728 X D211/2 x I + 0/3111

K x/LO’ X D!1/2 xI + 0/311]
where:
D = measured diameter of the vane, in. or cm, and
H = measured height of vane, in.. or cm.
It is important that these dimensions are checked periodi
cally to ensure the vane is not distorted or worn.

6.3 As the ratio of length to breadth of the vane is 2:1, the
value ofKmay be simplified in terms of the diameter so that
it becomes the following:

A Se4ection 0 thu vare saze is ectfy related to tlvs coi’olstency of tna sc.1 buin tetted, that is. th softer the the Wger the van. dametis-.
Irts8SC diatTltOt.
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