














TABLE 10-1
REPRESENTATIVE RANGE OF DRY UNIT WEIGHTS

Rock Type Unit Weight Range
(KN/M?)

Shale 22-25
Sandstone 17-27
Limestone 19-28
Schist 25-29
Gneiss 25-29
Granite ” 24-29
Basalt 20-30

1. Dry unit weights are for moderately weathered to unweathered rogls
2. Wide range in unit weights for shale, sandstone, and limestone f€p effect of variations in
porosity, cementation, grain size, etc.
3. Specimens with unit weights falling outside the ranges co, he ay be encountered.
TABRE
MECHANICAL PR R F ROCK
(Obert u 196
Compressive Strength of odulus of Rupture Static Dynamic
Test Group (MPa) Modulus of Modulus of
(MPa) Test Gigup Elasticity of Elasticity of
MP Test Group Test Group
(GPa) (GPa)
Rock Type and Max. i >50 Max. | Min. | Max. | Min. | >50% | Max. | Min. | Max. | Min.
Number of Test ata of
Groups Data
within
Amphibolite(13) 502 204 50 25 . 100 45
Basalt (9) 348 79 45 15 85 40
Dibase (10) 348 155 265/335 55 30 34/36 95 70
Diorite (11) 324 150 165/235 50 15 40 24
Dotomite (10) 348 60 25 15 80 20
Gneiss (15) 244 150 165/235 20 10 12/18 100 25
Granite (17) 285 154 165/235 54 28 25 10 12/18 74 17 80 10
Greenstone (11) 305 110 45 10 60 46 100 20
Limestone (16) 185 35 1357200 35 2.5 80 28 95 10
Marble (8) 230 45 200/235 20 10
Maristone (15) 190 70 65/135 30 2.5 32 4 45 10
Quartzite (11) 610 140 45 10
Sandstone (18) 230 32 19 7 25 4 4/7 49 9 55 5
Shale (18) 225 73 65/135 30 2 51 11 65 10
Siltstone (8) 307 35 35 8 60 7
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TABLE 10-3

ENGINEERING CLASSIFICATION OF INTACT ROCK
(Deere and Miller, 1966; Stagg and Zienkiewicz, 1968)

I. On basis of strength (0,4,)

Class Description Uniaxial compressive strength
(MPa)
A Very high strength Over 220
B High strength 110-220
C Medium strength 55-110
D Low strength 28-55
E Very low strength Less than 55

II. On basis of modulus ratio (E/G,)

Class Description odulus ratio *
H High modulus ratio Over 500
M Average (medium) ratjo 200-500
L Low modulus ratio Less than 200

¢ Rocks are classified by both strength and modulu;
b Modulus ratio = E/0,,, where E, is tangent
uniaxial compressive strength.

AM, BL, BH, CM, etc.

tio
NO o ultimate strength and o, is the

‘ ABLE 10-4
TYPIC S NGTH PARAMETERS OF INTACT ROCK
agg and Zienkiewicz, 1968)
Rock type O,y MPa ¢, cohesion MPa ¢ (deg)
Granite Range 65-270 9-40 51-58
Average 165 24 55
Limestone Range 20-200 3-35 37-58
Average 100-135 16-22 50
Sandstone Range 20-200 4-40 48-50
Average 55-135 10-25 48
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Figure 10-1:  (a) Engineering Classification For Intact Igneous Rocks. (Deere and Miller, 1966; Stagg

and Zienkiewicz, 1968)
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(b) Engineering Classification For Intact Sedimentary Rocks. (Deere and Miller,

Figure 10-1 (Contd):
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(c) Engineering Classification For Intact Limestone and Dolomite. (Deere and
Miller, 1966; Stagg and Zienkiewicz, 1968)
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(d) Engineering Classification For Intact Metamorphic Rocks (Deere and Miller,
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Figure 10-2:  Relationship Between In Situ Modulus and Rock Mass Rating. (Wyllie, 1992)
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Shear Strength, S

First order
irregularities

Y= 13°
Average dip7
B=39°
(b)

Figure 10-3:  Peak and Residual Shear Strength. (a) Failure Envelope for Multiple Inclined Surfaces,
(b) An Example of a Discontinuity Illustrating First- and Second-order Irregularities.
(Deere, et. al. 1966; Stagg and Zienkiewicz, 1968)
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Approximate values of residual frictional shear strength for various rock types are contained in Table 10-5.
The recommended range for the geometrical component, I, based on first order asperities, is 10° to 15°.

As an alternative, the frictional component, I, can be replaced by the following expression:

(10-1)
i=JRC log,, *=>
0]

n

where, JRC = Joint Roughness Coefficient
JCS = Joint Wall Compressive Strength
o, = Normal Stress on Joint

JRC can be evaluated using Figure 10-4 and Figure 10-5. Figure 10-5 correlates JRC with the joint
roughness coefficient J, of the Q-System of rock mass classification. The joint alteration number, J,, can
be used to estimate the residual shear strength, as shown in Table 10-6. Figure 10-4 and Figure 10-5 and
Table 10-6 can be used in the field during mapping of outcrops. An ad@iitional tabulation of joint shear

strength, including joints with soil fillings, is contained in Table 10-7. ore detailed description of
the Q-system and its use the reader is referred to Barton (1988).

10.3 CORRELATIONS

10.3.1 Intreduction

Because it is often difficult to obtain from laborato‘ es design parameters necessary for design
of rock structures, a number of empirical correlations Ba@xe beeri'developed from which these parameters
can be estimated from intact rock and rock{mas terighics which can be directly observed in the field
and from simple laboratory tests. Many of correlflions have been developed by extension from rock
mass classification systems which have ped over the past 20 years.

10.3.2 Shale Rating System (SR

From 35 to 40 percent of ocks eXimsed at the ground surface belong to the shale family of sedimentary
rocks. Many of the diffi

‘% guntPed in the construction and maintenance of transportation routes
are related to the presence ;

S€ T0CKS.
The Shale Rating System (Fr@pklin, 1981) can be used to evaluate these rocks on the basis of Plasticity
Index (PI), Slake Durability Index (SDI) and Point Load Strength Index (PLSI). The first two are simple
laboratory tests and the PLSI can be performed in the field on core and irregularly-shaped rock specimens.
The Shale Rating is determined from these parameters, as shown in Figure 10-6(a).

Based on field performance, correlations have been developed (Franklin, 1981) between the Shale Rating
and (1) lift thicknesses and compacted densities; (2) trends in embankment slope angle as a function of
embankment height; and (3) trends in shear strength parameters of compacted fills. The last correlation -
is presented in Figure 10-6 (b). The reader is referred to the original paper by Franklin.
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TABLE 10-5

RESIDUAL FRICTIONAL SHEAR STRENGTH
(Barton, 1973; Hoek and Bray, 1977)

Rock Type ¢, -degrees
Amphibolite 32
Basalt 31-38
Conglomerate 35
Chalk 30
Dolomite 27-31
Gneiss (schistose) 23-29
Granite (fine grain) 29-35
Limestone 33-40
Porphyry 31
Sandstone
Shale
Siltstone 27-31
Slate 5-30

Lower value is genera . m test®on wet rock surfaces.




JRC=0-2

JRC=2-4

JRC=4-6

JRC=6-8

o JRC=8-10

JRC=10-12

4 JRC=12-14

‘ JRC=14-16
\ = JRC=16-18

JRC=18-20

Figure 10-4:  Roughness Profiles and Corresponding JRC Values. (Barton 1973; Hoek, ez. al., 1995)
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Description Profile I JRC JRC
200 mm 1m
I N e NS TP e N e
Rough 4 20 11
Smooth — -
3 14 9
Slickensided — o e ~—
Stepped 2 11 8
Smooth
¢ 2 11 8
Slickensided o 4\
Qndulaﬁng 15 7 6
Rough a — 1.5 2.5 23
Smooth
‘ 1.0 1.5 09
Slickensided '
Planar 0.5 0.5 0.4

Figure 10-5:  Relationship Between J, in the Q System and JRC for 200 mm and 1000 mm Samples.
(Barton, 1973; Hoek, et. al., 1995)
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TABLE 10-6

Q SYSTEM JOINT ALTERATION NUMBER AND RESIDUAL SHEAR STRENGTH

(Barton, 1988)

J, Approx ¢,
(a) Rock wall contact
Tightly healed, hard, non-softening, impermeable filling i.e.,
quartz or epidote 0.75 (-)
Unaltered joint walls, surface staining only 1.0 (25 - 359
Slightly altered joint walls. Non-softening mineral coatings,
sandy particles, clay-free disintegrated rock etc. 2.0 (25 - 307
Silty- or sandy-clay coatings, small clay-fraction (non-
softening) 3.0 (20 - 259
Softening or low friction clay mineral coatings, i.e., kaolinite,
mica. Also chlorite, talc, gypsum, graphite, etc., and small
quantities of swelling clays. (8-16")
(b) Rock wall contact before 10
Sandy particles, clay-free disintegrated rock etc. 4.0 (25 -30%
Strongly over-consolidated, non-softening,
fillings (continuous, but <5 mm thickn 6.0 (16 - 24%)
Medium or low over-consolidation,
fillings. (Continuous, but <5 i 8.0 (12 - 16%)
Swelling-clay fillings, i.e.,
mm thickness) Value of .
clay-size particl 8-12 (6-12)
rock wall contact when sheared
K, L, Zones or bands of difintegrated or crushed rock and clay (see 6, 8,
G, H, T for descriptioWof clay condition) or 8-12 6 -24")
Zones of bands of silty- or sandy-clay, small clay fraction
(non-softening) 5.0 (-)
O, P, Thick, continuous zones or bands of clay (see G, H, J for 10, 13,
description of clay condition) or13-20 6 -247)
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TABLE 10-7
MOHR-COULOMB SHEAR STRENGTH PARAMETERS
FOR TYPICAL ROCK JOINTS AND FILLINGS*
(Franklin and Dusseault, 1989)

Typical ultimate strengths ¢, deg
(c=0
Thick joint fillings
Smectite clays 5-10
Kaolinite 12-15
Iitite 16 -22
Chlorite 20 - 30
Portland cement grout 16 -22
Quartz and feldspar sand 28 - 40
Rock jointsT
Crystalline limestones 42 - 49
Porous limestones 2-48
Chalk 0-41
Sandstones 24 - 35
Quartzite 23 -44
Shales 22 -37
Coarse igneous rocks L 2 31-48
Fine igneous rocks 33-52
Schists 32-40
Typical peak strengthsi
¢, MPa ¢, deg
Sandstone 0.12 - 0.66 32-37
Siltstone 0.10-0.79 20 -33
Pyroclastic rock 0.14-0.36 36 -39
Seatearth (mudstone) 0.06-0.18 15-24
Mudstone 0.00 - 0.46 22-39

* Because of the considera@le variations in test methods and in the rocks themselves, and due to the
curvature of peak strength envelopes, the data give only a very rough guide to rock properties. The
?eak strength results are for carboniferous (Coal Measures) rock strata.

Summary by Lama and Vutukuri (1978).
* After Hassani and Scoble (1985).
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(a) Shale Rating System, (b) Trends in Shear-Strength Parameters of Compacted Shale

Fills as a Function of Shale Quality. (Franklin, 1981)

10 - 17




10.3.3 Rock Mass Rating System (RMR)

The Rock Mass Rating (RMR) rock classification system uses six parameters to evaluate a rock mass.
Originally intended for tunneling applications, it has been extended for the design of cut slopes and
foundations. The six parameters used to determine the RMR value are:

. Uniaxial compressive strength or point load strength index
. RQD

. Spacing of discontinuities

. Condition of discontinuities

. Groundwater conditions

. Orientation of discontinuities

If test data or field information concerning the above parameters are not available, the RMR can still be
determined based on the correlations described below.

In the absence of compressive or point load strength data, rock strength g@n be estimated using the Unified
Rock Classification System (URCS) described in Section 10.3.4. In the nce of rock core, RQD can
be estimated from the relationship:

RQD = 115-3.37J, (10-2)

where J, is the estimated number of joints in one cubic me ck.
The basic RMR system is contained in Table 10- ’ Ul evaluation of the discontinuity conditions

is contained in Table 10-9.

The RMR was developed by Bienawski (1 who Wtived several correlations between RMR and other
parameters. These correlations are:

For RMR > 5 ormatien Modulus, E(GPa) = 2 RMR - 100 (10-3)

For formation Modulus, E(GPa) = 1Q®MR- 10040 (10-4)

tion Angle, & = 0.5 RMR + 5 (10-5)

The deformation modulus ishe elastic modulus for a rock mass. It can be determined by large scale field
tests. However, since most projects cannot justify the cost for such testing, Eq. 10-3 can be used which
is based on field data from larger projects.

In both these correlations, the RMR is used without the adjustment for discontinuity orientation.

Another series of correlations based on RMR is shown in Table 10-10. Again, the RMR is used without
the adjustment for orientation.

10.3.4 Unified Rock Classification System (URCS)

The URCS is summarized in Table 10-11. - Among other things, it provides an evaluation of the intact rock
strength required for the RMR system and its derivatives on the basis of the rock’s response to a hammer
blow. As such, it is valuable during preliminary investigations. The reader is referred to Williamson
(1984) for a detailed description of the URCS.
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TABLE 10-9

GUIDELINES FOR CLASSIFICATION OF DISCONTINUITY CONDITIONS
' (Bieniawski, 1989)

Parameter Ratings
Discontinuity length <lm 1-3m 3-10m 10-20 m >20 m
(persistence continuity) 6 4 2 1 0
Separation (aperture) None <0.1 mm 0.1-1.0 mm 1-5 mm >5 mm

6 5 4 1 0
Roughness Very rough Rough Slightly rough | Smooth Slickensided

6 5 3 1 0
Infilling (gouge) Hard filling Soft filling

None <5 mm >5 < 5mm >5 mm

6 4 2 2 0

Weathering Unweathered Slightly Modera ighly Decomposed
weathered weather thered
6 5 1 0

Some conditions are mutually exclusive. For examples, i
roughness may be, since its effect will be overshado

d b
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GEOMECHANICS CLASSIFICATION FOR ROCK FOUNDATIONS:
SHEAR STRENGTH DATA

TABLE 10-10

(Serafim and Pereira, 1983; Bieniawski, 1989)

Rock Mass Properties

RMR 100-81 80-61 60-41 40-21 <20
Rock Class I I I v \Y
Cohesion, kPa >400 300-400 200-300 100-200 <100
Friction, deg >45 3545 25-35 15-25 <15
Modulus, GPa >56 18-56 5.6-18 1.8-5.6 <1.8
Shear Strength of Rock Material
Cohesion, MPa >25 15-25 8.5-15 <4.5
Friction, deg >65 55-65 48-55 <41
Frictional Shear Strength of Discontig

Rating for Condition

of Discontinuities 30 25 7Y 2 10 0
Completely dry 45 35 15 10
Damp 43 3 13 <10
Wet 41 21 11 <10
Dripping 39 29 19 10 <10
Flowing 37 17 <10 <10

v
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TABLE 10-11

UNIFIED ROCK CLASSIFICATION (After Williamson, 1984)

Design Notation: Weathering, Strength, Discontinuity, Weight (e.g., BCDB)

Degree of Weathering
Representative Altered Weathered
> Gravel Size < Sand Size
Micro Visually Stained Partly Decomposed State Completely Decomposed
Fresh State | Fresh State State State
(MES) (VES) (STS) (PDS) (CDS)
A B C D E
Unit weight Compare to | Non-plastic Plastic Non-plastic Plastic
Relative Absorption fresh state ’
Estimated Strength
Reaction to Impact of 4.5 N (1 Ib) Ballpeen Ha r Remolding®
“Rebounds” “Pits” “Dents” rs” Moldable
(Elastic) (Tensional) (Comp’ssi (Shears) (Friable)
RQ) PQ) (DQ (CQ MQ)
A B D E
> 103 MPa® 55-103 MPa® M 7-21 MPa® <7 MPa®
O Strength estimated by soil mechanics@€chniq
@ Approximate unconfined compregghvagtreng
Discontinuities
ermeability May Transmit Water
Solid (Random Solid (Latent Planes | Nonintersecting Intersecting
Breakage) Breakage) of Separation) Open Planes Open Planes
(SRB) (SPB) (LPS) (2-D) (3-D)
A B C D E
Attitude Interlock
Unit Weight
>2.55 glee 2.40-2.55 glcc 2.25-2.40 g/cc 2.10-2.25 g/ce <2.10 g/cc
A B C D E
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10.3.5  Slope Rock Mass Rating System (SMR)

The SMR, an extension of the RMR, is a system used in the preliminary assessment of natural rock slopes
and rock cuts. It is contained in Table 10-12. For a more detailed description of this system, the reader
is referred to Bienawski (1989)

10.3.6 Other Correlations

Other useful correlations have been developed in addition to those discussed above. Among these are the
following:

Deformation Modulus

The following correlation between the deformation modulus, E, and the shear wave frequency in cycles
per second, f, was obtained from Goodman (1980).

E (GPa)=0.054f - 9.2 (10-6)

Correlation Between Point Load Strength Index and Uniaxial Co @ e Strength

The Point Load Strength Index and the Uniaxial Compressive S d as input to several of the
classification systems described in this chapter. The followi on has been developed between
these two values:

N (10-7)
where, q, = uniaxial compressive stren

I, = point load strength index

However, as noted in Goodman (1980 is co, ion can be inaccurate for weak rocks such as the shale
family, poorly cemented sandston oroufjlimestones. Development of correlations for site specific

rock units is strongly recomme .
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CHAPTER 11.0
GEOTECHNICAL REPORTS

11.1 TYPES OF REPORTS

Upon completion of the field investigation and laboratory testing program the geotechnical engineer will
collect and evaluate the data, and perform engineering analyses for the design of foundations, cuts,
embankments, and other required facilities. Additionally, the geotechnical engineer will typically be
responsible for producing a report or reports to present the subsurface information obtained from the site
investigations and to provide technical recommendations. The evaluation and interpretation of the
investigation data were discussed in Chapters 7 and 8 of this module, and the geotechnical analyses and
design procedures to be implemented for the various types of highway facilities will be the subject of the
remaining modules of this short course. This chapter provides guidelines and recommendations for
developing a geotechnical report.

The geotechnical engineer will generally prepare one of three types CHareports: A geotechnical
investigation (or data) report; a geotechnical design report, or a geo-en atal report. The choice
depends on the requirements of the highway agency (Owner) and the agregh fWveen the geotechnical
Geotechnical investigation reports generally have L&e ponents:

engineer and the facility designer.

11.1.1 Geotechnical Investigation (Data) Reports

1. Background Information: The initi th ort summarize the geotechnical engineer's
understanding of the facility for wh rt 1s being prepared and the purposes of the
geotechnical investigation. They resent a geheral description of site conditions, geology and
geologic features, drainage, grofiid cov: accessibility, and any peculiarities of the site that
may affect the design.

the investigation report documents the scope of the investigation
ed®pes used to perform this work. These sections will identify the
() ed: the number, location and depths of borings, exploration pits
and in situ tests; the s and frequency of samples obtained; the dates when the field investigation
was performed; the suli§ontractors used to perform the work; the types and number of laboratory
tests performed; the testing standards used; etc.

nd pa

types of investigatio

3. Data Presentation: This portion of the report, generally contained in appendices, presents the data
obtained from the field investigation and laboratory testing program, and typically includes final
typed logs of all borings, exploration pits and piezometer or well installations, water level
readings, data plots from each in situ test hole, summary tables and individual data sheets for ali
laboratory tests performed, rock core photographs, geologic mapping data sheets and summary
plots, subsurface profiles developed from the field and laboratory test data, etc. Often, the
investigation report will also include copies of existing information such as boring logs or
laboratory test data from previous investigations at the project site.

The intent of a geotechnical investigation report should be to document the investigation performed and
present the data obtained. This type of report should avoid making interpretations of the subsurface
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conditions and should not include design recommendations. The geotechnical investigation report is
sometimes used when the field investigations are subcontracted to a geotechnical consultant, but the data
interpretation and design tasks are to be performed by the owner’s or the prime consultant’s in-house
geotechnical staff. :

A sample table of contents for a geotechnical investigation report is presented in Figure 11-1.
11.1.2 Geotechnical Design Reports

A geotechnical design report typically provides an assessment of existing subsurface conditions at a project
site, summarizes the procedures and findings of any geotechnical analyses performed, and provides
appropriate recommendations for design and construction of foundations, earth retaining structures,
embankments, cuts and other required facilities. Unless a separate investigation (data) report has
previously been developed, the geotechnical design report will also include documentation of any
subsurface investigations performed and a presentation of the investigation data as described in Section
11.1.1. A sample table of contents for a geotechnical design report is fgesented in Figure 11-2.

Since the scope, site conditions, and design requirements of each projeg ique, the specific contents
of a geotechnical design report must be tailored for each project. In g @wever, the geotechnical
design report must address all the geotechnical issues that may b a project. The report must
identify each soil and rock unit of engineering significance provide recommended design
parameters for each of these units. Groundwater conditions e jculdfly important for both design and
construction and, accordingly, they need to be carefu ed described. For every project, the
subsurface conditions encountered in the site invg' t1 to be compared with the geologic setting

to better understand the nature of the deposits and toRsedict (€ degree of variability between borings.

accordance with the methodology described in
subsequent modules of this training cou results of these studies need to be concisely and clearly
discussed in the report. Of particulagimpo is an assessment of the impact of existing subsurface
conditions on construction operatiqf® (8. , the Bffect of boulders on pile driving, a high groundwater table
on excavation, or rock hardness ippa Petc.). The above issues are but a few of the items that need
to be addressed ina g ical dS8ign report.

Each geotechnical design issue must be a

11.1.3 Geo-Environme epo
When the geotechnical inv@stigation indicates the presence of contaminants at the project site the
geotechnical engineer may be requested to prepare a geo-environmental report outlining the investigation
findings and making recommendations for the remediation of the site.

The preparation of such a report usually requires the geotechnical engineer to work with a team of experts,
since many aspects of the contamination or the remediation may be beyond his/her expertise. A typical
team preparing a geo-environmental report may be composed of, besides the geotechnical engineer,
geologists, hydrogeologists, toxicologists, air quality and regulatory experts.

The report should contain all of the components of the geotechnical investigation report, as discussed
above. Additionally, it will have a clear and concise discussion of the nature and extent of contamination,
the risk factors involved, if applicable, a contaminant transport model and, if known, the source of the
contamination (i.e., landfill, industrial waste water line, broken sanitary sewer, underground storage tanks,
etc.).
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Figure 11-1:  Sample Table of Contents for a Geotechnical Investigation (Data) Report.
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1.2 Scope of Work
2.0 GEOLOGY
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2.2 Site Geology
3.0 EXISTING GEOTECHNICAL INFORMATION
3.1 Discussion
4.0 SUBSURFACE EXPLORATION PROGRAM
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9.0 SEISMIC CONSID
9.1 Seismicity
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9.3 Liquefaction Potential
10.0 CONSTRUCTION RECOMMENDATIONS
LIST OF REFERENCES

LIST OF FIGURES

APPENDICES

Appendix A Boring Logs

Appendix B Laboratory Test Data

Appendix C Existing Subsurface Information

Figure 11-2:  Sample Table of Contents for a Geotechnical Design Report.
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The team may also be required to present solutions (i.e. removal of the contaminated material, pump and
treating of the groundwater, installation of slurry cut-off walls, or the abandonment of that portion of the
right-of-way, etc.) to remediate the site.

The geo-environmental report should also address the regulatory issues pertinent to the specific
contaminants found and the proposed site remediation methods.

11.2 DATA PRESENTATION

11.2.1 Boring Logs

Boring logs and exploration pit logs should be prepared in accordance with the procedures and format
discussed in Chapter 3. Because of the large number of data points developed, boring and exploration pits
logs are normally prepared using software capable of storing, manipulating and presenting geotechnical
data. Two software packages commonly used are the gEOTECHNICAL INTegrator, or gINT (1994), and
LOGDRAFT (1995).

gINT can be used to store subsurface exploration data, to compute labora
logs, laboratory reports, graphs, tables, histograms and text. It also has
exporting ASCII, .WKS, .DAT and HPGL files. It allows expo
CADD software.

and to produce boring
ity for importing or
ord processing, or to

LOGDRAFT is a menu-based boring log drafting program. co er aided drafting tools let users
create custom boring log formats which can include’g monitoring well details, data graphing
and more. Test results can also be graphically shown e 1089” Custom designed legends explaining

dded to boring logs for greater clarity.
itoring well symbols as well as other symbols
rated by the program and may be annotated with text
ut of AutoCAD DXF files.

graphic symbols and containing addition
LOGDRAFT includes a library of soil, samp
used on boring logs. Geological profiles c.

and drawings. In addition, LOGDRAFSuppo

These and other similar software ai§@allo rderly storage of project data for future reference.

11.2.2 Subsurface Profi

Geotechnical reports are no y accompanied by the presentation of subsurface profiles developed from
the field and laboratory test . Longitudinal profiles are typically developed along the roadway or
bridge alignment, and a limited number of transverse profiles may be included for key locations such as
at major bridge foundations, cut slopes or high embankments. Such profiles provide an effective means
of summarizing pertinent subsurface information and illustrating the relationship of the various investigation
sites. The subsurface profiles, coupled with judgment and an understanding of the geologic setting, aid
the geotechnical engineer in his/her interpretation of subsurface conditions between the investigation sites.

In developing a two-dimensional subsurface profile, the profile line (typically the roadway centerline) needs
to be defined on the base plan, and the relevant borings project to this line. Judgment needs to be exercised
in the selection of the borings since projection of the borings, even for short distances, may result in
misleading representation of the subsurface conditions in some situations.

The profile should be presented at a scale appropriate to the depth of the borings, frequency of the borings,
and length of the section. Generally, a vertical scale of 1:10 or 1:20 should be used. Distortion of the
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Elevation in Meters

horizontal/vertical scales should be avoided, if possible, to show the true relationship of subsurface
features.

The subsurface profile can be presented with reasonable accuracy and confidence at the locations of the
borings. Generally, however, owners and designers would like the geotechnical engineer to present a
continuous subsurface profile that shows an interpretation of the location, extent and nature of subsurface
formations or deposits between borings. At a site where rock or soil profiles vary significantly between
boring locations, the value of such presentations become questionable. The geotechnical engineer must
be very cautious in presenting such data. Such presentations should include clear and simple caveats
explaining that the profiles as presented cannot be fully relied upon. Should there be need to provide highly
reliable continuous subsurface profiles, the geotechnical engineer should increase the frequency of borings
and/or utilize geophysical methods to determine the continuity, or the lack of it, of subsurface conditions.

A typical subsurface profile is shown in Figure 11-3.
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Figure 11-3:  Typical Subsurface Profile. (Lowe and Zaccheo, 1991)
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11.3 LIMITATIONS

Soil and rock exploration and testing have inherent uncertainties. Thus the user of the data who may be
unfamiliar with the variability of natural and manmade deposits should be informed in the report of the
limitations inherent in the extrapolation of the limited subsurface information obtained from the site
investigation. A typical statement, found in geotechnical reports prepared by consultants, that can be
included in a geotechnical report is shown below.

“Professional judgments and recommendations are presented in this report. They are
based partly on evaluation of the technical information gathered, partly on historical
reports and partly on our general experience with subsurface conditions in the area. We
do not guarantee the performance of the project in any respect other than that our
engineering work and the judgment rendered meet the standards and care of our
profession. It should be noted that the borings may not represent potentially unfavorable
subsurface conditions between borings. If during construction soil conditions are
encountered that vary from those discussed in this report or histof§gal reports or if design

in this report are applicable only to this specific site. These da ot be used for

other purposes.”

bowl'Y our Geotechnical Engineering
eering Firms Practicing In The
suggestions for writing a geotechnical
delays, cost overruns and other costly

The reader is referred to a document entitled “Important Info
Report”, which is published by ASFE, The iati
Geosciences [Phone No. (301) 565-2733]. This do
report and observations to help reduce the geotechn
headaches that can occur during a construei

AASHTO recommends the use of site-
construction bids and plans. Specific disclai uses are preferred to the use of general disclaimer
clauses which may not be enforcea ampl@s of site-specific disclaimers is shown below.

ugh BAF-4 are representative of the conditions at the
location where ea ade but conditions may vary between borings.”
“Although boulders fiflarge quantities were not encountered on this site in the borings
that are numbered BAR-1 through BAF-4, previous projects in this area have found
large quantities of boulders. Therefore, the contractor should be expected to
encounter substantial boulder quantities in excavations. The contractor should include
any perceived extra costs for boulder removal in this area in his bid price for Item
XXx.”
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CHAPTER 12.0
CONTRACTING OF GEOTECHNICAL
SUBSURFACE EXPLORATION

It is common practice with many agencies to outsource or contract drilling, or complete drilling and testing
programs to external sources.

Whether the subsurface exploration work is performed by the agency or by others it is ultimately the
geotechnical engineer’s responsibility to assure the appropriateness of exploration and testing procedures.
Thus it is essential to scrutinize the qualifications, quality control and quality assurance procedures, the

equipment and personnel, the professional reputation and the safety record of the contractor, or the
consultant.

12.1 DRILLING AND TESTING SPECIFICATIONS

Testing and drilling specifications should be prepared by the geotechnical eff@ineer and the geologist. They
should, as a minimum, contain clear concise statements and descriptio following items:

For drilling/coring:

. Type of the project (embankment, bridge, etc.)

. Location of the project 2 A
. Site access information \

. Site access problems- if known Q

J Drilling site survey and bor @n information

. Contaminants- i licab

. Special health an prements

. Site map

. ~ Preliminary plans, if available

. Types of samples to be obtained

. Standards to be followed (ASTM, local, others) |

. Type of equipment to be used

. Environmental constraints

. Minimum drilling/coring crew size

. Qualifications of the field supervisor (i.e. field geologist, engineer, etc.)
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. Identification of who will supervise the boring/coring operations

. Procedures to be followed to transport samples

. Destination of the samples

. Frequency of shipping of samples

. Name, phone number and address of the geotechnical engineer or geologist in charge
. ‘Nature and number of field tests to be performed

If the contract is for drilling/coring and testing the following items should be included in the information
provided to the contractor:

- The type of tests to be performed
- Testing standards to be followed (ASTM, AASH L
- Laboratory QA/QC procedures or requirement
- Minimum number of each type of test to be pe ed
- Reporting formats
- Contents of the geotechnical repofp
Each request for proposal for subsurface explo sMuld also contain a realistic, flexible schedule to
be reviewed and accepted by the contract

The drilling contractor should be requi prQuide a formal document outlining its health and safety
program. Additionally, the contract ould pfavifle the number of accidents resulting in man days lost
during the previous year, as well affits I rating.

The contractual terms, iRENGing
etc. are normally covere ]
erve the right to review the progress of the work and to provide on site
ting, or laboratory testing.

Da ts for services, liability, indemnity, failure to complete the job,
y p J
eICy’s procurement or contracting office.

The agency should always
supervision of drilling, field

Prior to accepting a contractor for a given project the geotechnical engineer and/or the geologist should
perform an on site and paper review of the contractor’s capabilities.

A practice which may be considered as an integral part of the traditional advertising and selection process

of contractors, is the review of the facilities, equipment and experience of the top two or three selected
contractors prior to awarding a blanket or specific contract.
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APPENDIX A
TYPICAL SAFETY GUIDELINES FOR DRILLING INTO SOIL AND ROCK
AND HEALTH AND SAFETY PROCEDURES FOR ENTRY INTO BORINGS

A.1  TYPICAL SAFETY GUIDELINES FOR DRILLING INTO SOIL AND ROCK

A.1.1 Purpose

The purpose of this operating procedure is to provide guidelines for safe conduct of drilling operations with
truck-mounted and other engine-powered drill rigs. The procedure addresses off-road movement of drill

rigs, overhead and buried utilities, use of augers, rotary and core drilling, and other drilling operations and
activities.

A.1.2 Application‘ .

red drill rigs are used.
of the contractor.

The guidelines apply to projects in which truck-mounted or other engip
Normally for drill rigs operated by contractors, drill rig safety is the reg

A.1.3 Responsibility and Authority

Drill rig safety and maintenance is the responsibility of the drgll r or.

\ 4

A.1.4. Safety Guidelines
Movement of Drill Rigs

Before moving a rig, the operator must

1. To the extent practical, inspg route of travel for depressions, gullies, ruts, and other

obstacles.

er, especially if the terrain along the route of travel is rough or

sloped.
3; v Discharge all pésseng 8 before moving on rough or steep terrain.
4. Engage the front axle (on 4 x 4, 6 x 6, etc., vehicles) before traversing rough or steep terrain.

Driving drill rigs along the sides of hills or embankments should be avoided; however, if sidehill travel
becomes necessary, the operator must conservatively evaluate the ability of the rig to remain upright while
on the hill or embankment and take appropriate steps to ensure its stability.

Logs, ditches, road curbs, and other long and horizontal obstacles should be normally approached and
driven over squarely, not at an angle.

When close lateral or overhead clearance is encountered, the driver of the rig should be guided by another
person on the ground.



Loads on the drill rig and truck must be properly stored while the truck is moving, and the mast must be
in the fully lowered position.

After the rig has been positioned to begin drilling, all brakes and/or locks must be set before drilling
begins. If the rig is positioned on a steep grade and leveling of the ground is impossible or impractical,
the wheel of the transport vehicle should be blocked and other means of preventing the rig from moving
or tipping over should be employed.

A.1.5 Buried and Overhead Utilities

The location of overhead and buried utility lines must be determined before drilling begins, and their
locations should be noted on boring plans or assignment sheets.

When overhead power lines are close, the drill rig mast should not be raised unless the distance between
the rig and the nearest power line is at least 6 m, or other distance as required by local ordinances,
whichever is greater. The drill rig operator or assistant should walk cdapletely around the rig to make
sure that proper distance exists.

When the drill rig is positioned near an overhead line, the rig operator s
power lines can be moved towards each other by wind. Prese
provisions as they present serious danger

A.1.6 Clearing the Work Area ’'S A
Before a drill rig is positioned to drill, the area shoulc&ire f removable obstacles and the rig should
e

be leveled if sloped. The cleared/leveled S enough to accommodate the rig and supplies.

A.1.7 Safe Use of Hand Tools

OSHA regulations regarding hand @lshould Be observed in addition to the guidelines provided below:

1.
2.
3.
bystanders should be required to wear safety goggles or glasses also, or to move away.
4. Tools should be kept cleaned and stored in an orderly manner when not in use.

A.1.8 Safe Use of Wire Line Hoists, Wire Rope, and Hoisting Hardware

Safety rules described in 29 CFR 1926.552 and guidelines contained in the Wire RPE User's Manual,
published by the American Iron and Steel Institute, will be used whenever wire line hoists, wire rope, or
hoisting hardware are used.



A.1.9 Protective Gear
Minimum Protective Gear

Items listed below should be worn by all members of the drilling team while engaged in drilling activities:

. Hard hat

. Safety shoes (shoes or boots with steel toes and shanks)
. Gloves

Other Gear

Items listed below should be worn when conditions warrant their use. Some of the conditions are listed
after each item.

and out of drive chains, (2)
Shewing or tightening gauge
vith chemical solutions,
ines, (9) grinding on

. Safety goggles or glasses should be worn when: (1) driving pinsg
replacing keys in tongs, (3) handling hazardous chemicals, (4)
glasses, (5) breaking concrete, brick, or cast iron, (6) cleaning
(7) hammering or sledging on chisels, cold cuts, or bars, (8) cul
abrasive wheels, (10) handling materials in powered or sg , (11) scraping metal
surfaces, (12) sledging rock bits or core heads to tighten ¢ @ *nghem, (13) hammering fittings

and connections, and (14) driving and holding the rivts.
. Safety belts and lifelines should be wom& working on top of an elevated derrick
‘ that

beam. The lifeline should be secured at a post allow a person to fall no more than 8

feet.
. Life vests must be used for work I.

A.1.10 Traffic Safety

S, Or O areas of vehicular traffic requires definition of the work zones
omhiance with local police requirements.

Drilling in streets, parki
with cones, warning tape,

A.1.11 Fire Safety
1. Fire extinguishers should be kept on or near drill rigs for extinguishing small fires.

2. If methane is suspected in the area, a combustible gas instrument (CGI) shall be used to monitor
the air near the borehole. All work should stop at 25 percent of the lower explosive limit.

3. Work shall stop during lightning storms.



A.2 HEALTH AND SAFETY PROCEDURES FOR ENTRY INTO BORINGS

A.2.1 Purpose

Down-hole geologic logging entails lowering a person into an uncased boring generally to gather
information on the stratigraphy of the soil. Descent in some cases may exceed 30 m. The boring is a
confined space, hence, hazards typical of confined spaces may be present. The major ones are oxygen
deficiency, flammable concentrations of gases or vapors, toxic concentrations of gas or vapors, and wall
collapse. Because visual inspection of the walls of the boring is essential to the logging process, the
borings cannot be cased. These guidelines are prepared for down-hole logging operations, sound and
uniform health and safety procedures that are in compliance with federal and state regulations.

These guidelines of the procedure are in full compliance with OSHA regulations contained in 29 CFR
1926.552, 29 CFR 1926,800 and incorporate more stringent regulations promulgated by Cal-OSHA and
described in Section 1542, Subchapter 4, and Article 108, Subchapter 7, Division 4, Title 8 of the
California Administrative Code (CAC). In all cases the local and st egulations regarding confined
space entry and shaft entry must be reviewed and provisions more stri than those contained in this
operating procedure should be observed.

~A.2.2  Applicability

This procedure applies to down-hole logging operations assd@iat i otechnical projects where toxic
chemical releases are not known to have occurreds The progedureinay be used for downhole logging
operations where toxic chemical releases have o T nly as an attachment to a site-specific
health and safety plan that assesses the exposureQisks asS6ciated with the logging operation and

prescribes appropriate chemical-speci Xr worker protection against the excessive
exposure.
A.2.3 Responsibility and Authority,

The field supervisor and/or the echn gineer have overall responsibility for safe conduct of the
downhole logging oper nd maganot delegate that responsibility to another person.
A.2.4 Health and Safe irefents

Permit Acquisition

Some states, such as California, require permits for construction of shafts to be entered by personnel and
exceeding a certain depth (1.5 m in California). State and local government permit requirements shall be
reviewed and complied with before any shaft is constructed.

Pre-entry Inspection
A qualified geotechnical specialist (engineer/geologist) shall be present a sufficient amount of time during
the drilling process to thoroughly inspect and record the material and stability characteristics of the shaft

and decide whether the walls of the shaft are stable enough so that it may be entered safely. Entry shall
not be permitted if, in the specialist's opinion, the walls could collapse.

A qualified geotechnical specialist is an individual who has the following minimum qualifications:
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1. Extensive hands-on experience in drilling and downhole geologic logging of uncased large-
diameter borings so that the person is considered an expert by peers.

2. Experience in performing down-hole inspection or logging in the local area where work is being
performed and/or experience in performing down-hole inspection/logging in other areas with
similar geologic characteristics.

3. Prior training by other experienced geotechnical professionals.

4. Familiarity with the safe operation of the drilling and logging equipment being used, and the
special difficulties, hazards, and mitigation techniques used in down-hole geologic logging.

Surface Casing and Proximity of Material to the Shaft Opening

The upper portion of the shaft shall be equipped with a surface ring-collar to provide casing support of the
material within the upper 1.2 m or more of the shaft. The ring collar shalfyextend to 300 mm above the
ground surface or as high as necessary to prevent drill cuttings and othe e material or objects from
falling into or blocking access to the shaft. Drill cuttings, detached kets, and other loose
equipment must be placed far enough away from the shaft opening or i a fashion that would
prevent them from falling into the shaft.

Gas Test

deficient and does not contain explosive or to f gases or vapors. Testing shall continue
throughout the logging process to assur r atmospheric conditions do not develop.
Monitoring instruments shall include a comb le ga ter and an oxygen meter. Where toxic gases
or vapors may be present, a monitoring i enf@guipped with a photoionization detector should be used
for detection and quantification.

¢
Prior to entry into a shaft, tests shall be performed to d\ jihe atmosphere in the shaft is not oxygen
ic le 0

Ladders and Cable Descents

A ladder may be used to v aft provided that the shaft is no deeper than 6 m. A mechanical
hoisting device shall be useQuth shatts more than 6 m deep.

Hoists

Hoists may be powered or hand operated and must be worm geared or powered both ways. They must
be designed so that when power is stopped, the load cannot move. Controls for powered hoists must be
the deadman type with non-locking switch or control. A device for shutting off the power shall be installed
ahead of the operating control. Hoist machines shall not have cast metal parts. Each hoist must be tested
with twice the maximum load before being put into operation and -annually thereafter. California
regulations require a minimum safety factor of 6 for hoists. Test results shall be kept on file at the
geotechnical engineer’s office and other offices as required by the agency engaged in the geologic logging
procedure. The hoist cable must have a diameter of at least 8 mm. Drill rigs may not be used to raise or
lower personnel in shafts unless they meet the requirements in this section.



Cage

An enclosed covered metal cage shall be used to raise and lower persons in the shaft. The cage shall have
a minimum safety factor of 4 and shall be load tested prior to use. The exterior of the cage shall be free
of projections and sharp corners. Only closed shackles shall be used in cage rigging. The cage shall be
certified by a registered mechanical engineer as having met all the design specifications. The certificate
and load test results shall be kept on file.

Emergency Standby

In addition to the hoist or drill rig operator, an emergency standby person shall be positioned at the surface
near the shaft whenever there is a geotechnical specialist in the shaft.

"Communication

g between the standby person
specialist is in a shaft that
gmmunication difficult.

A two-way electrically-operated communication system shall be in operat
and the geotechnical specialist whenever the standby person and the geote
is over 6 m in depth or when the ambient noise level makes unamplifie
A cellular telephone at the drill rig is strongly recommended.

Safety Equipment
The geotechnical specialist must use the following&fe%nt while in the shaft:

1. An approved safety harness designed to suspen: erson upright. The harness must be attached
to the hoist cable through a hole i@ Attaching the harness to the head guard or

cage is strictly prohibited.

2. Hardhat.
3. A steel cone-shaped or flat Wgad guard-or deflector with a minimum diameter of 450 mm must be
attached to the h e abOgg the harness.

Electrical Devices

Electrical devices, such as 1 s, combustible gas and toxic vapor detectors, and electric tools, must be
approved for use in hazardous locations.

Surface Hazards

The storage and use of flammable or other dangerous chemicals at the surface must be controlled to prevent
them from entering the shaft.

Water Hazard
The presence of water in the shaft must be determined before the shaft is entered. If the shaft contains
more than 1.2 m of water, the level of water must be reduced to less than 1.2 m before entry is permitted.

If a shaft is entered when water is present, the depth of the water must be measured periodically and the
water level kept below 1.2 m if work is to continue.
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Air Supply

NIOSH-approved supplied-air respirators (SCBA or airline) shall be available in the cage for use in the
shaft when oxygen deficient atmosphere or toxic gases or vapors are encountered. If an airline system is
used, the air pump or compressed air supply must be attended to by a person at the surface.

Nlumination

Light intensity in the portion of the shaft being logged must be at least 3 m center-to-center. Lighting
devices must be explosion-proof. '

Work/Rest Periods

Time spent continuously in a shaft must not exceed two hours.
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APPENDIX B
MANUFACTURERS AND DISTRIBUTORS OF EQUIPMENT
FOR SAMPLING AND TESTING

Manufacturers and Distributors of Soil Sampling Equipment. (Compiled from Barrett ef al., 1980; Ford
et al., 1984, Rehm er al., 1985; SCS, 1983)

Supplier Equipment
Acker Drill Company
P.O. Box 830 Power-driven samplers

Scranton, PA 18501

Art's Manufacturing and Supply (AMS) pual Samplers
105 Harrison In sit@spil recovery
American Falls, ID 83211 A
1-800-635-7330

Boyle Brothers

P.O. Box 25068

1624 Pioneer Road :

Salt Lake City, UT 84125 '

Carl's Machine Shop and Supply Co.
1202 Main St. Power-driven samplers
Woodward, OK 73081

Mining Products Division

Christensen Diamond Products Comgény
1937 S. 300 West

Salt Lake City, UT 74115

Pitcher Drilling Com
75 Allemany Street Power-driven samplers
Daly City, CA 94014

Reed Tool Company
105 Allen Street

P.O. Box 3641

San Angelo, TX 76901

Reese Sale Company
P.O. Box 645

2301 Gibson St.
Bakersfield, CA 93302

Sauze Technical Products Corp.
345 Cornelia St

Plattsburgh, NY 12901
518-561-6440

owgl-driven samplers

Power-driven samplers

Power-driven samplers

Power-driven samplers

Eijkelcamp stoney soil auger




Supplier

Equipment

Service Truck Body Shop
1259 Murray
Alexandria, LA 71301

Manual samplers

Soilmoisture Equipment Corp.
P.O. Box 30025

Santa Barbara, CA 93105
805-964-3525

Manual samplers

Soiltest, Inc.

P.O. Box 931

2205 Lee Street
Evanston, IL 60202
312-869-5500

Power-driven samplers
Penetrometer
Sieves

Wildco

301 Cass Street
Saginaw, MI 48602
517-799-8100

Clements Associates, Inc.
RR 1 Box 186

Newton, IA 50208
515-792-8285

anual samplers

Forestry Suppliers
P.O. Box 8397
Jackson, MS 39284-8397

Gidding Machine Company
401 Pine Street

P.O. Box 406

Fort Collins, CO 80

Hansen Machnine Wor
1628 North C Street
Sacramento, CA 95814

Manual samplers
Clinometer

Power-driven samplers

Veihmeyer probe

Joy Manufacturing Company
Montgomery Industrial Center
Montgomeryville, PA 19936

Power-driven samplers

Longyear Company
925 Delaware Street, SE
Minneapolis, MN 55414

Power-driven samplers

Mobile Drilling Company
3807 Madison Ave.
Indianapolis, IN 46227

Power-driven samplers

Oakfield Apparatus Company
P.O. Box 65
Oakfield, WI 53065

Manual samplers




Supplier

Equipment

Odgers Drilling, Inc.
Ice Lake road
Iron River, MI 49935

Power-driven samplers

Penndrill Manufacturing Div.
Pennsylvania Drilling Co.
P.O. Box 8562

Pittsburgh, PA 15220

Power-driven samplers

Roctest

94 Industrial Bivd.

Pittsburg, NY 12901-2016

Tel: (800) 477-2506; (518) 561-3300

Soil and Rock Instrumentation
Soil and Rock in situ test equipment
(Dilatometers, Pressuremeters, Vane Borers,
Penectrometers, Packers,Piezometers, etc.)
Laboratory Equipment for Rock Testing

Geokon

48 Spenscer Street
Lebanon, NH 03766
Tel: (603) 448-1562

ELE/Soiltest

ELE International
SoilTest Product Div.
Direct - Lake Bluff, IL
Tel: (800) 323-1242

Brainard-Kilman

2175 West Park Ct.

P.O. Box 1959

Stone Mountain, GA 30086
Tel: (800) 241-9468

Material (Soil Geosynthetics, Concrete,
Asphalt, Laboratory) Testing Equipment and
Geotechnical Instrumentation

Geotest Instrument Co
1840 Oak Ave.

Soil Testing Equipment for Laboratory and

Evanston, IL 60201-319 Construction
Tel: (800) 523-5883 Ext

Forestry Suppliers Inc.

P.O. Box 8397 Sampling Equipment
Jackson, MS 39284-8397 Safety Equipment

Tel: (800) 647-5368

The above information is complied from manufacturers trade literature and "Description and Sampling of
Contaminated Soils” EPA/625/12-41/002 U.S. EPA, Cincinnati, OH. This list is not complete and other
manufacturers may make equipment similar to those presented above.








