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Table 9-3 Example SEM Excavation and Support Classes in Rock

Description Cross Section Longitudinal Section Photo
Intact Rock:
= Spot bolting
* QOccasional sealing shotcrete | ~SPOTDOWEL
. S:ég\f;?foﬂr top heading/bench EPOTDOLT ; e P
OUTLINE O
* Round Length P AT AL TunRE TOP HEADING
Top Heading: 8'-12" (2.5-3.7
m) 1
Bench: Up to 16°-0" (4. 9 m) - e
* Dimensions
Height: 20°-0" (6 m)
Width: 29°-0" (8.8 m)
Example: Bergen Tunnels, NJ
Stratified Rock:
= Systematic rock doweling Rock ROCK o SHOTORETE
= Systematic shotcrete initial lining P
* Top heading excavation
* Bench excavation follows distant SHOTCRETE A
* Round Length .
Top Heading: 6'-6" (2 m) TOR HEADING © TOPHEADING
Bench: 6-6" (2 m)
= Dimensions
Height: 20'-6” (9 m) BEncH B
Width: 36"-0" (11 m)
Example: Zederhaus, Austria
Fractured Rock:
* Systematic rock doweling ROCK DUWELS ROCK DOWELS
» Systematic shotcrete initial lining | S ¥ hoToRETE
* Top heading excavation
= Bench excavation follows any time / b
* Round Length
Top Heading: 7'-2" (2.2 m) TOP HEADING ~ TOPHEADING
Bench: 13°-0" (4.0 m)
= Dimensions
Height: 28'-0” (8.5 m) - e
Width: 36'-5" (11.1 m)
Example: Devil's Slide Tunnels, CA

f;TgFJELIWIIIJIT;E&I—LﬂL'&J
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Table 9-4 Example SEM Excavation and Support Classes in Soft Ground

Description Cross Section Longitudinal Section Photo

Soft Ground — shallow cover:
= Systematic pre-support
*  Systematic shotcrete initial lining support

with early ring closure PRE-SUPPORT SHOTCRETE SHOTCRETE PRE-SUPPORT
* Top heading excavation (with temporary 3 o =SS
invert), bench and invert excavation TOP HEADING TOP HEADING

* Round Length | \ |
Top Heading: 1-3"-3" (1 m)

Top Heading: 11-6"-6" (2 m) N v
Bench MV/Invert IV — 6'-6” (2 m) _ i e —
= Dimensions INVERT * JEMPORARY s INVERT
Height: 38'-0" (11.6 m) v = W

Width: 48°-0" (14.7 m)
Example: Fort Canning Tunnel, Singapore

Soft Ground — deep level:
= Systematic shotcrete support with early ring
closure
= Top heading excavation closely followed by SHOTCRETE \ it s e
hench/invert excavation * 3
= Round Length 7 \
Top Heading: 3'-3" (1 m) TOP HEADING TOP HEADING
Bench: 6'-6" (2 m) f i
= Dime[fllziigﬁi- 203" (6.3m) BENGHINVERT BENGHINVERT
" ks N L
Width: 20™-3" (6.3 m) =
Example: London Bridge Station, London, UK

SHOTCRETE

Soft Ground — deep level:
= Systematic shotcrete support with early ring
closure
= Sub-division into sidewall drifts
= Top heading excavation closely followed by
bench and invert excavation , .
=  Round Length 7/ TeRMEADIG || ToS HEADING TR HEALSHG
Top Heading: 3'-3" (1 m) v T
Bench: 6°-67 (2 m) 1 BEMCH | eEmMCH
Invert: 66" (2 m) w, @ * 7 e
=  Dimensions e L o WIERT
Height: 30°-27 (5.2 m) - '
Width: 37°-07 (11.3 m)
Example: London Bridge Station, London, UK

SHOTCRETE- BHOTCAETE

e te _,_;.T‘_,ﬂ,}:‘y;‘,-w.,l;ﬁéfz,_wkﬁ 29 Reza Abdolahy




Jozvebama.ir

- FHWA 8 Jigi ! 21 slewg

\
\
1 —

— w08 il Jg

L]

Tvpe Description Mustration Type Description Hlustrations
Bezin Grouted Additional capacity due to side friction Split set stabilizers | « Slotted bolt is inserted into a slightly
FRock Belt develops after setting of the second resin . smaller diameter hole
Good for soft and hard rocks + Induced radial stress, anchors the system
Withstands blasting vibrations in place by friction
+  Mainly for mining, and under mild rock

burst conditions

=+ It slips instead of suddenly failing
+ Limited load handling

Post grouted expansive bolt
Good for relatively good rocks
Fully grouted

Corrosion protection

Expansion shell
rock balt

Swellex

Length up to 12 m

Haole diameter =32-52 mm
Tensile load= 100 -240 kN
Inflation pressure = 30 Mpa
Instant full load bearing capacity
Fast application

Not sensitive to blasting
Elongation range: 20-30%

s ol R

w‘g L _

Self Drilling »  Drilling, installation, and injection in one | me-smr senime s

Anchor single operational step

+ No pre-drilling of a borehole by using a
casing tube and extension rods with
subsequent anchor installation necessary

+  Minor space requirement for anchor
installation

+ Optimized machinery and manpower
requirements

Cablebolt +  Primarily used to support large

reinforcement underground structures, e mining
applications, underground power caverns
el

+ (Can handle high loads

+  Tendons are grouted with concrete mix

+ At very high loads the governing
parameter is most often the bond between
the tendon and the grout

+ (Cable capacity is confining siress
dependent

Conlining pressars

Riadial cisplncement

Shaar redsline

Canfining pressure:

B Fadlal dsolacemam

T Tansile force

30 Reza Abdolahy
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Description of Rock Mass

Appearance

Excellent quality controlled blasting or excavation by Tunnel
Boring Machine results in minimal disturbance to the confined
rock mass surrounding a tunnel.

Mechanical or hand excavation in poor quality rock masses (no
blasting results in minimal disturbance to the surrounding rock
mass.

Where squeezing problems result in significant floor heave,
disturbance can be severe unless a temporary invert, as shown in
the paragraph, is placed.

Very poor quality blasting in a hard rock tunnel results in severe
local damage, extending 2 or 3m, in the surrounding rock mass.

Small scale blasting in civil engineering slopes results in modest
rock mass damage, particularly if controlled blasting is used as
shown on the left hand side of the paragraph. However, stress
relief results in some disturbance.

Very large open pit mine slopes suffer significant disturbance
due to heavy production blasting and also due to stress relief
from overburden removal.

In some softer rocks excavation can be carried out by ripping
and dozing and he degree of damage to the slope is less
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Table 3-2

Special Geologic Features and Conditions Considered in Office Studies and Field Observations

Geologic Feature or
Condition

Influence on Project

Office Studies

Field Observations

Questions to Answer

Landslides

Faults and faulting;
past seismic activity

Stress relief cracking and
valley rebounding

Sinkholes; karst topography

Stability of natural and excavated
slopes

Of decisive importance in
seismic evaluations; age of most
recent fault movement may
determine seismic design
earthquake magnitude, may be
indicative of high state of stress
which could result in foundation
heave or overstress in
underground works

Valley walls may have cracking
parallel to valley. Valley floors
may have horizontal cracking. In
some clay shales, stress relief
from valley erosion or glacial
action may not be complete

Major effect on location of
structures and feasibility of
potential site (item 13)

Determine presence or age in
project area or at construction sites

Compute shear strength at failure.
Do failure strengths decrease with
age of slopes-- especially for clays
and clay shales?

Determine existence of known faults
and fault history from available
information

Examine existing boring logs for
evidence of faulting from offset of
strata

Review pertinent geologic literature
and reports for the valley area.
Check existing piezometer data for
abnormally low levels in valley sides
and foundation; compare with
normal ground water levels outside
valley

Examine air photos for evidence of
undrained depressions

Estimate areal extent (length and
width) and height of slope

Estimate ground slope before and
after slide (may correspond to
residual angle of friction)

Check highway and railway cuts and

deep excavations, quarries, and steep

slopes

Verify presence at site, if possible,
from surface evidence; check
potential fault traces located from
aerial imagery

Make field check of structures,
cellars, chimneys, roads, fences,
pipelines, known faults, caves,
inclination of trees, offset in fence
lines

Examine wells and piezometers in

valleys to determine if levels are lower

than normal ground water regime
(indicates valley rebound not
complete)

Locate depressions in the field and
measure size, depth, and slopes.
Differences in elevation between
center and edges may be almost
negligible or many feet. From local

residents, attempt to date appearance

of sinkhole

Are landslides found offsite in
geologic formations of same type
that will be affected by project
construction?

What are probable previous and
present ground water levels?

Do trees slope in an unnatural
direction?

Are lineaments or possible fault
traces apparent from regional aerial
imagery?

Are potentially soluble rock
formations present such as
limestone, dolomite, or gypsum?

Are undrained depressions present
that cannot be explained by
glaciation?

Is surface topography rough and
irregular without apparent cause?

(Sheet 1 of 4)
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Table 3-2 (Continued)

Geologic Feature or Condition

Influence on Project

Office Studies

Field Observations

Questions to Answer

Anhydrites or
gypsum layers

Caves

Erosion resistance

Internal erosion

Area subsidence

Collapsing soils

Anhydrites in foundations
beneath major structures
may hydrate and cause
expansion, upward thrust
and buckling

Gypsum may cause
settlement, subsidence,
collapse or piping. Solution
during life of structure may
be damaging

Extent may affect project
feasibility or cost. Can
provide evidence regarding
faulting that may relate to
seismic design. Can result
from unrecorded mining
activity in the area

Need for total or partial
channel slope protection is
determined

Stability of foundations and
dam abutments affected.
Gravelly sands or sands with
deficiency of intermediate
particle sizes

may be unstable and
develop piping when subject
to seepage flow

Area subsidence endangers
long- term stability and
performance of project

Need for removal of shallow
foundation materials that
would collapse upon wetting
determined

Determine possible existence from
available geologic information and
delineate possible outcrop
locations

Locate contacts of potentially
erosive strata along drainage
channels

Locate possible outcrop areas of
sorted alluvial materials or terrace

deposits

Locate areas of high ground water
withdrawal, oil fields and
subsurface solution mining of
underground mining areas

Determine how deposits were
formed during geologic time and
any collapse problems in area

Look for surface evidence of uplift;
seek local information on existing
structures

Check area carefully for caves or
other evidence of solution features

Observe cave walls carefully for
evidence of faults and of geologically
recent faulting. Estimate age of any
broken stalactites or stalagmites
from column rings

Note stability of channels and
degree of erosion and stability of
banks

Examine seepage outcrop areas of
slopes and riverbanks for piping

Check project area for new wells or
new mining activity

Examine surface deposits for voids
along eroded channels, especially in
steep valleys eroded in fine-grained
sedimentary formations

Are uplifts caused by possible
hydrite expansion or “explosion”?

Are any stalactites or stalagmites
broken from apparent ground
displacement or shaking?

Are channels stable or have they
shifted frequently? Are banks
stable or easily eroded? |s there
extensive bank sliding?

Are there any plans for new or
increased recovery of subsurface
water or mineral resources?

Were materials deposited by mud
flows?

(Sheet 2 of 4)
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Table 3-2 (Continued)

Geologic Feature or
Condition

Influence on Project

Office Studies

Field Observations

Questions to Answer

Locally lowered ground
water

Abnormally low pore water
pressures (lower than
anticipated from ground
water levels)

In situ shear strength from
natural slopes

Swelling soils and shales

Varved clays

May cause minor to large local
and area settlements and result
in flooding near rivers or open
water and differential
settlement of structures

May indicate effective stresses
are still increasing and may
cause future slope instability in
valley sites

Provides early indication of
stability of excavated slopes or
abutment and natural slopes
around reservoir area

Highly preconsolidated clays
and clay shales may swell
greatly in excavations or upon
increase in moisture content

Pervious layers may cause
more rapid settlement than
anticipated. May appear to be
unstable because of uncon-
trolled seepage through
pervious layers between over-
consolidated clay layers or
may have weak clay layers.
May be unstable in excavations
unless well points are used to
control ground water

Determine if heavy pumping from

wells has occurred in project area;

contact city and state agencies
and USGS

Compare normal ground water
levels with piezometric levels if
data are available

Locate potential slide areas.
Existing slope failures should be
analyzed to determine minimum in
situ shear strengths

Determine potential problem and
location of possible precon-
solidated strata from available
information

Determine areas of possible
varved clay deposits associated
with prehistoric lakes. Determine
settlement behavior of structures
in the area

Obtain ground water levels in wells
from owners and information on
withdrawal rates and any planned
increases. Observe condition of
structures. Contact local water
plant operators

Estimate slope angles and heights,
especially at river bends where
undercutting erosion occurs. Deter-
mine if flat slopes are associated
with mature slide or slump
topography or with erosion
features

Examine roadways founded on geo-
logic formations similar to those at
site. Check condition of buildings
and effects of rainfall and watering

Check natural slopes and cuts for
varved clays; check settlement
behavior of structures

Is the past reduction in vertical
stresses a possible cause of low
pore water pressure. Examples are
deep glacial valleys and deep
excavations like that for the Panama
Canal, where pore pressures in clay
shale were reduced by stress relief.

Are existing slopes consistently flat,
indicating residual strengths have
been developed?

Do seasonal ground water and
rainfall or watering of shrubs or trees
cause heave or settlement?
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Table 3-2 (Concluded)

Geologic Feature or

Condition Influence on Project

Office Studies

Field Observations

Questions to Answer

Dispersive clays A major factor in selecting
soils for embankment dams

and levees

Riverbank and other
liquefaction areas

Major effect on riverbank
stability and on foundation
stability in seismic areas

Filled areas Relatively recent filled areas

would cause large settlements.

Such fill areas may be
overgrown and not detected
from surface or even
subsurface evidence

Local overconsolidation
from
previous site usage

Local areas of a site may have
been overconsolidated from
past heavy loadings of lumber
or material storage piles

Check with Soil Conservation
Service and other agencies
regarding behavior of existing
small dams

Locate potential areas of loose
fine-grained alluvial or terrace
sand; most likely along riverbanks
where loose sands are present
and erosion is occurring

Check old topo maps if available
for depressions or gullies not
shown on more recent topo maps

Look for peculiar erosional features
such as vertical or horizontal
cavities in slopes or unusual
erosion in cut slopes. Perform
“crumb” test

Check riverbanks for scallop-
shaped failure with narrow neck
(may be visible during low water). If
present, determine shape, depth,
average slope, and slope of
adjacent sections. Liquefaction in
wooded areas may leave trees
inclined at erratic angles. Look for
evidence of sand boils in seismic
areas

Obtain local history of site from area
residents

Obtain local history from residents of
area

(Sheet 4 of 4)
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Table 7-10 Ground Treatment Methods

Challenging Ground Conditions Treatment Method(s)
Weak Soils Vibro Compaction
Dynamic Compaction
Compaction Grouting
Permeation Grouting
Jet Groutmmg
Dewatermg

Freezing

Grouting

Soil Nails

Soil Doweling

Micro Piles
Compensation Grouting
Compaction Grouting

Ground Water

Unstable Face

Sotl Movement
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Fig. 1. Geological condition of the multi-arch tunnel.
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Fig. 7. Geological and structural cross sections showing the main geological units and brittle fault zones mapped within the Gotthard highway safety
tunnel. The stereoplots above (lower hemisphere) show poles to meso-scale fractures mapped on the surface above the tunnel in each of the main
geological units. The frame at the bottom shows the location and estimated initial rate of inflow of water-bearing fault zones intersected along the safety
tunnel.
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ID Strike ID Strike
1 112 16 55

2 133 17 61

3 135 18 64
4 140 19 107
5 143 20 120
6 144 21 123
7 145 22 126
8 153 23 130
9 162 24 135
10 162 25 142
11 170 26 144
12 34 27 154
13 45 28 155
14 47 29 168
15 55
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Diagram Information Rose Diagram of Joints

Maximum Feature Strike = 145.0°
Number of Megsurements =29
Angle of Division = 10°

Number of Divisions = 36

Magnetic Declination = 0°

Data: Strike
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Orientation #* Pole of Joints
1D Dip / Direction
— Joint Set 1 88 / 056
—  JointSet2 60 / 145 Equal Angle
Lower Hemisphere
— Joint Set 3 31 7 215 29 Poles
29 Entries
— Joint Set 4 38 / 060
Equal Angle
Lower Hemisphere :
29 Poles
29 Entries PP . ER . = B
S o Jb o oud Clilo p sbr o cdad VY0 ISl
3
JU o by ol Glxio peai -VA-O S N
é)-& &_’ . > Fisher
Conecentrations
% of total per 1.0 % area

000~ 1.50 %
150~ 3.00 %
300~ 450 %
450~ 500 %
600~ 7.50 %
750~ 9.00 %
w £ 0.00 ~ 10.50 %
. . . . R 1050 ~ 12.00 %
L e Jl.v J° Lb})é L Ly g 9 )5).0.’ -\v-0 J&w 1200 ~ 13.50 %
.. 13.50 ~ 15.00 %

S

No Bias Correction
Max. Cone = 10.4200%

Equal Angle
Q) Lower Hemisphere
29 Poles
29 Entries
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Diagram Information Rose Diagram of Faulis

N
Meaximum Feature Strike =65.0°

Number of Measurements = 58
Angle of Division = 10°
Number of Divisions = 36

Magnetic Declination = 0°

Data: Strike

Diagram Information Rose Diagram of All Faults

wn

Maximurm Feature Strike = 55.0° N

Number of Measurements = 16
S (il (o § il 31 00l 1 ySin! (G JuusS (B S5 loged V-0 Sl Angle of Division =10°
Number of Divisions = 36
Magnetic Declination = 0°

Data: Strike and Length
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Concentrations
% of total per1.0 % area

000~ 3.00 %
300~ G.00 %
G.O00~ 9.00 %
9.00 ~ 12.00 %

12.00 ~ 15.00 %
15.00 ~ 12.00 %
i E 18.00 ~ 21.00 %
21.00 ~ 24.00 %
2400~ 27.00 %
27.00 ~ 30.00 %

* Pole of Faults

No Bias Comection

Max Cone. = 27 O789% Equal Angle
£ Lower Hemisphere
Equal Angle
Lower Hemizphere 15 Poles
15 Pales 15 Entries
15 Entries
g
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Orientation

D Dip / Direction
— Fault Set 1 90 /274
— Fault Set2 0 s on
— Fault Set3 8 / 326

Fault Set4 87 / 226

Equal Angle
Lower Hemisphere

15 Poles
15 Entries
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Table 11c. Rating for the joint alteration factor jA (Palmstrom, 1995b)

Term Description JA
Rock wall Clear joints
contact Healed or “welded” joints (un- | Softening, impermeable filling 0.75
weathered) (quartz, epidote, etc.)
Fresh rock wall (unweathered) | No coating or filling on joint sur- 1
face, except for staining
Alteration of joint wall: slightly | The joint surface exhibits one 2
to moderately weathered class higher alteration than the
rock
Alteration of joint wall: highly | The joint surface exhibits two clas- | 4
weathered ses higher alteration than the rock

Coating or thin filling

Sand, silt, calcite, etc. Coating of frictional material with- | 3
out clay
Clay, chlorite, talc, etc. Coating of softening and cohesive | 4
minerals
Filled joints Sand, silt, calcite, etc. Filling of frictional material without | 4
with partial or clay
no contact Compacted clay materials “Hard” filling of softening and co- 6
between the hesive materials
rock wall Soft clay materials Medium to low over-consolidation | 8
surfaces of filling
Swelling clay materials Filling material exhibits swelling 8-12
properties
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Fracture intercept
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W,=Fresh & no
Visible

V.L.BS>2 V.H.P >10"2 0.25<R,<1 F1>2 Intrusive Rock=1.0

W,=Discoloration
2>1..BS>0.6 10-2>H.P>10-* 1<R,<5 on Discontinuity 2>F2>0.6 L1>2
Surfaces
W,=Less Than ',
0.6>M.BS>0.2 | 10“>M.P>10" 5<R,<25 the Rock is 0.6>F3>0.2 2>1.2>0.6
Decomposed
W,=More Than }2
0.2>S.BS>0.06 | 107> S.P>10"7 25<R4<50 the Rock is 0.2>F4>0.06 0.6>L.3>0.2
Decomposed
W, =Disintegrated
to Soil But the
Structure of the
Rock is Intact

- IMP<109 | 100<R,<250 | s Allaterial - L5<0.06
Decomposed

V.S.BS<0.06 | 107>V.S.P>10° | 50<R,<100 F5<0.06 0.2>L.4>0.06

Jn = Nomber of
- - > - -
R2250 Joint Sets

*BS= Block Size V.L.=Very Large, L.=Large, M.=Medium, S.=Small, V.S.=Very Small

** V.H.=Very High, H.=High, M.=Moderately, S.=Slightly, V.S.=Very Slightly, Imp.=Impermeable
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ﬂ Thickness of layer (m) Fracture intercept Block size ﬂ i

L5 <6 cm F5 <6 cm VSBS <6 cm ’_’\

L4 6 cm - 20 cm F4 6 cm-20cm SBS 6 cm-20cm 3

L3 20cm -60cm F3 20cm -60cm MBS 20cm - 60 cm i

L2 60cm-2m F2 60cm-2m LBS 60cm-2m ,3,\

L1 >2m F1 >2m VLBS >2m o

‘

(IAEG (b)) T sy 3 (6 I (owiigen (omlidcran (S0 Los

Rock strength Permeability (m/s) Weathering i
R1 1-5MPa VHP >10e-2 W5 Soil, no rock texture ’,’\
R2 5-25MPa HP 10e-2 - 10e-4 W4 Like soil, but rock texture 3
R3 25 - 50 MPa MP 10e-4 - 10e-5 | W3 Changes more than 50% o
R4 50 - 100 MPa SP 10e-5-10e-7 | W2 Changes less than 50% /3)\
R5 100 - 250 MPa VSP 10e-7 - 10e-9 | W1 Colored maijor joints & surfaces 9
R6 >250 MPa IMP <10e-9 WO Fresh \\-i
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Thickness of layer
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Figure 2. Procedure for measurement and calculation of RQD (After Deere, 1967)

Rock mass quality classification according to RQD (Deere et al. 1967)

RQD Rock Mass Quality
<25 Very poar

25 -50 Foor

50 - 75 Fair

75 -90 Good

99 — 100 Excellent
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Rock classes

G F E D C B A
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poor poor poor good good good
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Span or height in m
ESR

T
n
Bolt length in m for ESR =1.0

-
o

3
0.001 0.004 0.01 0.04 041 0.4 1 10 40 100 400 1000
J, U,

; i R
Rock mass quality Q = ), X 3 X SRE

REINFORCEMENT CATEGORIES:

1) Unsupported 5) Fibre reinforced shotcrete and bolting, 5-9cm, Sfr+B
2) Spot bolting, sb 6) Fibre reinforced shotcrete and bolting, 9-12cm, Sfr+B
3) Systematic bolting, B 7) Fibre reinforced shotcrete and bolting, 12-15¢cm, Sfr+B
4) Systematic bolting. 8) Fibre reinforced shotcrete >15cm, reinforced ribs of
(and unreinforced shotcrete, shotcrete and bolting, Sfr, RRS+B
4-10cm), B(+S) 9) Cast concrete lining, CCA

Figure 6. Different Support Categories (type of support) for different rock mass classes defined by the Q
or Q. relationships and the support width or height (Grimstad and Barton, 1993)
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GEOLOGICAL STRENGTH INDEX FOR
JOINTED ROCKS (Hoek and Marinos, 2000)
From the lithology, structure and surface
conditions of the discontinuities, estimate
the average value of GSI. Do not try to
be too precise. Quoting a range from 33

Figure 9. Modified table for estimating the Geological Strength Index (Hoek et al., 1998)
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(Hoek and Brown, 1997)
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SURFACE CONDITIONS OF DISCONTINUITIES

O 9 I oLl
GSI 0y (0 glio o>l

Pick G5l Yalue

SURFACE CONDITIONS

3

Pick GSI Value
Fock Type: G51 Selection: 129 | | ak I
VERY
COMPOSITION AND STRUCTURE GOOD
A. Thick bedded, very blocky sandstone /
The effact of pefitic coatings on the bedding 70 1
/| planes is minimized by the confinement of
the rock mass. In shallow tunnels or slopes
these bedding planes may cause structurally 60
controlied instability. o
T = ; ] E Weak
“—— | B. Sand- | C. Sand- -~ ~|D. Siltstone " -+ sitstone /
2% stone with " | stone and ' | or silty shale | or clayey '
A7 thin inter- || sitstenedn S i with sand- | shale with
" layers of | | similar '+ | stonelayers | | sandstone
] siltstone (| amounts i layers

C.D, E and G - may be more or
less folded than lustrated but

this does not change the strength.
Tectonic deformation, faulting and
loss of continuity moves thase
categories to F and H.

F. Tectonically deformed, infensively /

- | sandstone layers forming an almosi
| chaotic structure /

folded/faulted, sheared clayey shale
or siltstone with broken and deformed

GOOD FAIR

POOR

VERY
POOR

30

G. Undisturbed silty
or clayey shale with
| or without a few very
| thin sandstone layers

—t

| transformed into small rack pieces.

H. Tectonically deformed silty or
clayey shale forming a chaotic
stucture with pockets of clay:
Thin layers of sandstone are

———>: Means deformation after tectonic disturbance

/

/

VERY BLOCKY- interiocked,
partially disturbed mass with
multi-faceted angular blocks
formed by 4 or more joint sets

Fock Type: General -

. VERY VERY
STRUCTURE DECREASING SURFACE QUALITY —>=
INTACT OR MASSIVE - intact / 7
rock specimens or massive in NIA MiA
situ rock with few widely spaced a' :
discontinuities / /

7

BLOCKY - well interlocked un- 4 / / /
disturbed rock mass consisting 70
of cubical blocks formed by three /
intersecting discontinuity sets

&0 y A

/

///5.,

/

BLOCKY/DISTURBED/SEAMY
- folded with angular blocks
formed by many intersecting
discontinuity sets. Persistence
of bedding planes or schistosity

DISINTEGRATED - poorly inter-
locked, heavily broken rock mass
with mixture of angular and
rounded rock pieces

=<7—— DECREASING INTERLOCKING OF ROCK PIECES

ORSRNRNRR

CH 7 //
il

LAMINATED/SHEARED - Lack
of blockiness due to close spacing
of weak schistosity or shear planes

MNIA NIA

/
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Joint or Block Wall Condition

v
- ]
£E 3
@ z 5 2
3 2 g §
£ o 'C
b5 - £ 5
2 B id 3
GSI : LI
£ g £ §% £D
S
z 1 g 58 iz
H £ g= =
s | £z = 52 3%
= g8 = £5 B9
® £ 2o
g8 =25 58 2z =ZE
&= = T8 - -]
- o
<5 23 Bt 3§ 38
Block Si 832 8 £5 #y 82%
ocC 1Zze o2 5% 5% _53 283
£E 835 +wEE 8§fE Fsg
- " >> o= ULohs £59 >0
Massive - very well interlocked 1~ 10E+6
undisturbed rock mass blocks formed 45 A A A
by three or less discontinuity sets 150 — A Gl I A
with very wide joint spacing g F \r i ¥
. . ’ i ’ ’ ’
Joint Spacing = 100cm 100cm|, /00, 85 Ao g

1E+6

Ji ; ;|
30 ] (1 m?)
Blocky - very well interlocked 70 1 7
undisturbed rock mass consisting 50
of cubical blocks formed by three 50 —1/80 65
orthogonal discontinuity sets ] 100E+3
Joint spacing 30-100 cm 40 | 6
30cm 55
Very Blocky - interlocked, partially g _|] 45 10E+3
disturbed rock mass with multifaceted 60
angular blocks formed by four or more
discontinuity sets 50 35
Joint spacing 10-30 cm 10cm
7] 1000 .
(1dm’)
Blocky/disturbed - folded and/or 25
faulted with angular blocks formed by
many intersecting discontinuity sets 5 | 30
Joint spacing 3-10 cm 100
a 15
Disintegrated - poorly interlocked, 20
heavily broken rock mass with a 5 T 10
mixture or angular and rounded
rock pieces
Joint spacing <3 cm 10
lem -1

Foliated/laminated/sheared - thinly / ; / / / ;
laminated or foliated, tectonically sheared ; / / / / )
weak rock; closely spaced schistosity N/A NA | P P s
prevails over any other discontinuity set, K ; L /
resulting in complete lack of blockiness = 0.1

Joint spacing <1 cm 12 4.5 1.7 0.67 025 01

©o

Block Volume V, (cm’)

Joint Condition Factor J,

B ] = Figure 10. Modified Geological Strength Index (Barton and Bandis, 1990; Cai et al., 2004; Kaiser et al.,
- ffuil!fd_fhhjﬂ_ﬂn'}_darﬁq_ﬂfﬁﬁqfi?\ —
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Table 10. Values of Excavation Support Ratio, ESR (Barton et al. 1974)

Excavation category ESR
A Temporary mine openings 3-5
B Fermanent mine openings, water tunnels for hydro power (excluding high pressure | 1.6

penstocks), pilot tunnels, dnfts and headings for large excavation

C Storage rooms, water treatment plants, minor road and railway tunnels, surge cham- | 1.3
bers, access tunnels
D Power stations, major road and railway tunnels, civil defense chambers, portal inter- | 1.0
sections.
E Underground nuclear power stations, railway stations, sports and public facilities, | 0.8
factories
Exceptionall Extremel Vel r Poor | Fair | Good |Very | Ext Exc.
100 p%cr Y pc:cir1'.f v poo good | good good
—1 4
] ——
[ 12| 23
40 | 18 _—7T 7 2
E | 20_____,...-—--""" 11 _/—/!__f_f
= | — 8| %M L —1 15 _L—T 8 1
= 20 __— 32 L —"| 19 / 10 /{/
S5 B | 1 = | a7
g = 10— 38 ,—-—"'—/—/ 27 // 18 ,,/.1'3/-///
@5 M| T 92 (_T?-“/
T o % 3 / 25 /
o g Ll ? :// 29 L] .
L 1 B | Nd support reqired
a— c 6 /
w a 0.4 4=
n
02/
0.1
0.001 0.01 0.1 1 10 100 1000

=i s Rock mass quality Q
- ._..-_f’"_.i- -_.;';ll_‘-'l_r-'l,r'_.lr:-ﬁ'f‘r‘,_'-_‘ﬂ_'.,.a,;'_-_. Figure 5. Tunnel support chart showing 38 support categories (Barton et al., 1974)
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1.7.6.3 Correlation between the RMR and Q-System

Bieniawski (1976) has developed the following correlation between the Q-index and the
RMR in the form of a semi-log equation.

RMR =9 logQ + A

where A varies between 26 and 62, and the average of A is 44 (derived from 111 case
histories in tunneling).

A similar relation was derived by Abad et al. (1983) on the basis of 187 case histories in
coal mining:

RMR =10.5 logQ +42
Further comparisons between Q and RMR systems are given by Barton (1988). It is
advised to relate Q and RMR with caution (Bieniawski, 1989).

a v ] . M Approx.| | Approx.
- . i " - 2 = range range
Rock mass quality ~ Seismic velocity ~ Deformation modulus of of

deform. support

V,#logQ.+3.5 (km/sec.) E,,. =10Q." (GPa) E,,, =10.10[*;**](GPa) moduli| |pressures

Extremely Very Very | Ext. Exc. B[ B P

poor poor Poor Fair  Good Good Good Good (GPa) MPa t/m?
Approximate 100/1004 [0.01- 1

6.0 depth H(m) —k 53 68
30, 46 0.02- 2

sol—— — 17 324

9| 224 005- 5

/
4.0/ 5 154
30% 3104 |01-10

| ! | | | 2/ 74
oy | 1 51 |02- 20

2.0 20/(05 3
. P 03 21 |[05- 50

1.0 pproximatg 10|02 154
Porosity n % 01/104 |10 - 100

0.01 0.1 1 4 10 40 100 400 1000

Seismic velocity (km/sec)

¥ B
. " l o Fi 7. An integration of Seismic Velocity Vp, Q, index, depth (H), Rock Mass Modul ired sup-
$ | _q= igure 7. An integration of Seismic Velocity V;, Q. index, depth (H), Rock Mass Modulus, required sup:
b Cate '-‘-"."T'_',:_!u"'.i-'h'.‘ir'."'l.fl.- |."F‘”I—L_".'r"l.:—'.- port pressures (P;), porosity, and Uniaxial Compressive Strength o (Barton, 2002
1
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SLIGHTLY SLICKENSIDE
ROUGH SMOOTH
ROUGH D
5 3 1 0
SLIGHTLY MODERATELY HIGHLY
DECOMPOSED
WEATHERED | WEATHERED | WEATHERED
5 3 1 0
HARD HARD SOFT SOFT
<5 MM >5 MM <5 MM >5 MM
4 2 2 0
SCR = Ry + Ry, + Ry
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Table 11a. Terms to describe large-scale waviness (Palmstrom, 1995b)

Waviness terms Undulation

Rating for waviness J,,

Interlocking (large scale) 3 " o f

Stepped 2.5 N e [ & |

Large undulation >3% 2 \/ \\\j//

Small to moderate undulation | 0.3 - 3% 1.5 T

P|al"|ar "‘:U. 30/'6 1 D - length betwean maximum a:npllludes

Table 11b. Terms to describe small-scale smoothness (Palmstrom, 1995b)

Smoothness Description Rating for
terms smoothness J;
Very rough Near vertical steps and ridges occur with interlocking | 3

effect on the joint surface
Rough Some ridge and side-angle are evident; asperities are | 2

clearly visible; discontinuity surface feels very abrasive
(rougher than sandpaper grade 30)

Slightly rough Asperities on the discontinuity surfaces are distinguisha- | 1.5
ble and can be felt (like sandpaper grade 30 - 300)

Smooth Surface appear smooth and feels so to touch (smoother | 1
than sandpaper grade 300)

Polished Visual evidence of polishing exists. This is often seen in | 0.75
coating of chlorite and specially talc

Slickensided Polished and striated surface that results from sliding | 0.6-1.5

along a fault surface or other movement surface

| p— .J' &
e e B | o el
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(a)
Fig. 3. 3D Model of the Sapey-Orgere zone (Alps). (a) View from South. Plane and curved sections
along the tunnel are derived from the model. (b) View from S-E. Uncertainties along the tunnel are
inferred by changing the interpretation of fold axis dips.
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Figure 9.3: Zoning based structure homogeneity of project area.
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Planning of geotechnical investigations

B.1 Stages of ground investigations in geotechnical design, execution of works and
exploitation of the structure

[ STRATEGY FOR DESIGN | | Proposed structure | | Geology | | Existing information and experience |
I Strategy for geotechnical design J EC7 Parts 1-2

[ GEOTECHNICAL INVESTIGATIONS | <=
Planning and reevaluation of the | Proposed structure ‘
investigation program
I Geology I-’[ Geological model | E;glt:?:ﬂg?cgll
Field investigations parameters and
Flok samoling nd _, coefficients ||  Geotechnical model |
testing standards EC7,
parts 1 and 2
Laboratory investigations ] T— I T
l Laboratory standards |
Design Geotechnical design report
| Reporting | Sy - geotechnical || on roport |
investigation report - structural | »| Design report (final project)
Specifications
P ™4l Program for inspection,
supervision and monitoring

: Call for bids based on a project :

| EXECUTION OF WORKS ‘

| Execution studies |—b| Execution project |

Inspections, supervision and o Report from inspection,
monitoring during construction supervision and monitoring

: Reception of the structure :

EXPLOITATION OF STRUCTURE

Inspections and monitoring Report from inspection,
for maintenance supervision and monitoring
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B.2 Selection of ground investigation methods in different stages

Table B.1 — Example of the selection of ground investigation methods in different stages

Preliminary investigations Design investigations Control investigations
Pile foundation
Pile foundation PIL, Pile driving tests
SR 88, CPT, DP, SPT or SR Stress wave measurements
Fie il Preliminary Sampling (PS. OS. CS) FVT, PMT. Final choice GWC, settlements
CPT. SS. DP or SPT LtllOiCe of GWC (PIL) of foundation Inclinometers
Sampling (PS, TP, CS, 0§)  |foundation oy
PMT. GW method Shallow foundation Design Shallow foundation
SS or CPT, DP, Sampling (PS. OS, Check of the soil type
Start CS. TP). FVT. DMT or PMT. BIT, Check of the stiffness (CPT)
GW Settlements
Desk study of Pile foundation Pile foundation
topographical, CPT. DP or SPT PIL, Pile driving tests
geological and Sampling (PS, OS, AS), FVT, DMT, Stress wave measurements
hydrogeological GWO. (PIL) GWC, settlements
maps. Aerial photo- Inclinometers
interpretation. Shallow foundation Shallow foundation
Archives. Coarse soil Prelimi CPT+DP, SPT Final choice of Check of the soil type
Site inspection. ‘lle‘lfmn?ry Sampling (PS. OS, AS. TP) possibly fu:adlctl‘()]ce % Check of the stiffness (CPT)
SS. CPT, DP or SPT. SR e el PMT. BIT. or DMT, (PLT), GWO ___| 20 <" Settlements
Sampling (AS, OS, SPT, TP), m::tho‘d Pile or shallow foundation Desien Pile foundation
PMT. DMT. GW SR with MWD, mapping of fissures, - Check of contact between pile tip
in TP, CS, RDT (PMT BIJT., in and rock surface
weathered rock ), GWO Check of fissuring in the rock
surface. Water leakage
Shallow foundation
Check of inclination and fissuring
in the rock surface

-._J.:'T,_-,;!.-:J':I,__JLF':'JIT;E&:—LﬂFL:u
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B.2 Selection of ground investigation methods in different stages 2 *e ) S
|
1
Table B.1 — Example of the selection of ground investigation methods in different stages g
=
Preliminary investigations Design investigations Control investigations ~
Pile foundation =
Pile foundation PIL. Pile driving tests N
Fine soil SS, CPT. DP. SPT or SR Stress wave measurements
) Preliminary Sampling (PS, OS, CS) FVT, PMT, Final choice GWC, settlements
CPT. SS. DP or SPT choice of GWC (PIL) of foundation Inclinometers
Sampling (PS, TP, CS, 0s) | foundation E— pato o
PMT. GW method Shallow foundation Design Shallow foundation
SS or CPT. DP, Sampling (PS, OS, Check of the soil type
Start CS, TP), FVT, DMT or PMT, BIT, Check of the stiffness (CPT)
GW Settlements
Desk study of Pile foundation Pile foundation
topographical, CPT, DP or SPT PIL. Pile driving tests
geological and Sampling (PS, OS. AS). FVT, DMT, Stress wave measurements
hydrogeological GWO., (PIL) GWC, settlements
maps. Aerial pllOlO- Inclinometers
interpretation. Shallow foundation Shallow foundation
Archives. Coarse soil Preliminary CPT+DP, SPT Final choice of Check of the soil type
Site inspection. ‘|:" ! “m', Ty Sampling (PS. OS, AS, TP) possibly f " d? 101¢ Check of the stiffness (CPT)
SS. CPT. DP or SPT. SR } 0108 9 PMT. BJT, or DMT, (PLT). GWO oundanon Settlements
: 4 oundation . - - method — -
Sampling (AS. OS. SPT.TP). | 0 0 Pile or shallow foundation Design Pile foundation
PMT, DMT, GW SR with MWD, mapping of fissures, ' Check of contact between pile tip
in TP, CS, RDT (PMT BIT. in and rock surface
weathered rock ). GWO Check of fissuring in the rock
surface. Water leakage
Shallow foundation
Check of inclination and fissuring
in the rock surface
Table B.1 (continued)
Abbreviations
Field testing Sampling
BIT Borehole jack test PS Piston sampler
DP Dynamic probing CS Core sampler
SR Soil/rock sounding AS Auger sampler
SS Static sounding (e.g. weight sounding test, WST) OS Open sampler
CPT(U) Cone penetration test (with pore pressure recording TP Test pit sampling
SPT Standard penetration test
PMT Pressuremeter test
DMT Dilatometer test Groundwater measurements
FVT Field vane test GWGroundwater measurements
PLT Plate load test GWO  Groundwater measurements with open system
MWD Measuring while drilling GWC  Groundwater measurements with closed system
SE Seismic measurements
PIL Pile load test
RDT Rock dilatometer test
Notes

et ey TRl

Surveying and logging are not included in this chart
Laboratory tests are not presented on this flow chart
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Table A.1 — List of test results of geotechnical standards

Table A.1 (continued)

Laboratory test

Test results

Water content (soil)

Value of (w)

Bulk mass density (soil)

Value of (p)

Particle mass density (soil)

Value of (py)

Field test * Test results

Particle size distribution
(soil)

Grain size distribution curve

CPT — Cone penetration resistance (g)
— Local unit side friction (f;)
—  Friction ratio (Ry)

Consistency limits (soil)

Plastic and liquid limit values (wp), (wp)

Density index (soil)

Values of eyux, €min and Ip

Organic content (soil)

Value of organic content (Com)

CPTU — Corrected cone resistance (g,)
— Local unit side friction (f;)
— Measured pore pressure (1)

Carbonate content (soil)

Value of carbonate content (Ccacos)

Sulfate content (soil)

Value of sulfate content (Csos~) or (Csos>)

Chlorite content (soil)

Value of chlorite content (Cgy)

pH (soil)

Value of pH

— Energy correction E;
— Soil description

Dynamic probing — Number of blows Ny for the following tests: DPL,
DPM. DPH
— Number of blows (Ng) or (Nxg) for the DPSH test
SPT — Number of blows N

Ménard pressuremeter test  [—  Pressuremeter modulus (Ey)
— Creep pressure (pf)

— Limit pressure (ppm)

— Expansion curve

Compressibility oedometer

(soil)

Compressibility curve (different options)
Consolidation curves (different options)

Secondary compression curve (creep curve)

Values of Eqeq (stress interval) and &' or C, Ce, 0
Value of Cg

Laboratory vane (soil)

Value of strength index (¢,)

Fall cone (soil)

Value of strength index (¢ )

Unconfined compression
(soil)

Value of strength index g, = 2¢,

Flexible dilatometer test — Dilatometer modulus (Egpr)
— Deformation curve
All other pressuremeter tests |[— Expansion curve
Field vane test _  Undrained shear strength (uncorrected) (¢,

— Remoulded undrained shear strength (cpy)
— Torque-rotation curve

Unconsolidated undrained
compression (soil)

Value of undrained shear strength (¢,)

Weight sounding test — Continuous record of weight sounding resistance
—  Weight sounding resistance is:

— or the number of half-turns required for every
0,2 m penetration, at the standard load of 1 kN

— either the penetration depth for a standard load:

Plate loading test — Ultimate contact pressure (pu)

Flat dilatometer test — Corrected lift-off pressure (pg)

— Corrected expansion pressure (p;) at 1,1 mm

— Dilatometer modulus Epy. material index (Ipmvr)
and horizontal stress index (KDMT)

Consolidated triaxial
compression (soil)

Stress-strain curve(s) and pore pressure curve
Stress paths

Mohr circles

¢, @ orcy

Variations of ¢, with &'

Deformation parameter(s) (E") or (E,)

1

Consolidated direct shear
box (soil)

Stress-displacement curve
o diagram
c. ¢

Residual parameters
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Table A.1 (continued) M ? ) Hw% 6 ﬁ. ) Mb ﬁ

L L 4
Laboratory test Test results
California bearing ratio — Value of the CBR index (Icpr)
(soil)
Permeability (soil) — Value of the coefficient of permeability (k):

—  from direct laboratory permeability test
—  from field permeability tests

- from oedometer test

Water content (rock) — Value of w
Density and porosity (rock) |- Value of pand n
Swelling (rock) — Swelling Strain Index

— Swelling pressure
— Free swell

— Swell under constant load

Uniaxial compression and |- Value of o¢

deformability (rock) — Value of deformation modulus (E)

— Value of Poisson’s ratio (v)

Point-load test (rock) — Strength index /o

Direct shear test (rock) — Stress-displacement curve
— Mohr diagram
-, ¢

— Residual parameters

Brazil test (rock) — Tensile strength (or)
Triaxial compression test —  Stress-strain curve(s)
(rock)

—  Stress paths

— Mohr circles

- c,9

— Values of deformation modulus (E) and Poisson’s
ratio (v)

See Section 4.

See Section 5.
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Table 2.1 — Simplified overview of the applicability of field investigation methods” covered by Sections 3 and 4

Field Possibly obtainable results
investigation Sampling Field tests Groundwater
methods * measurements

Soil Rock - 5 2 - %

= 3 3 = 5 = B, g |2 = = & B @ > = o | & =

Q 9] O O o &) O o = A 7 = a = fr, a = |o O
Basic information ~
Type of soil CIF1|CIFl [C2F2 |— |— |— |JC2F2 |C3F3|— [C3F3|C2Fl |C3F3 |C3F3 |— — C2F2 |— —
Type of rock — — — Rl [R1 [R2 |R3Y 3 R2 — — — — — — — —
Extension of layers” CIF1|CIFl [C3F3 |RI R1 R2 JCIFl |R3C3|R3 [C3F3|C2F2 |[CIF2 |CIF2 |F2 — C2Fl |— —

F3
Groundwater level — — — — — — C2 — — |— — — — — — — — R2C1 |RI1Cl
F2 Fl
Pore water pressure — - — — |— |— |JC2F2 |F3 — |— — — — — — — — R2Cl |RICI
F2 Fl
Geotechnical properties
Particle size C1 F1|Cl1 Fl R1 R1 R2 |— — — |— C2F1 |[— — — i - — - —
Water content C1F1|C2F1 |C3F3 |RI Rl |[— |— — — |— C2F2 |— — — — — — — —
Atterberg limits Fl Fl I - — — |— — — | — F2 — — — — — — — —
Density C2F1|C3F3 |— RI Rl [— |JC2F2 [— — |— C2F2 |C2 C2 — — C2F2 |— - i
Shear strength C2Fl|— - Rl |— |— |C2Fl [CIFl|— |— C2F3 |C2F3 |C2F3 |C2 Fl C2F1 |R2CI |— —
Fl
Compressibility C2Fl |[— - Rl [— |— |JCIF2 |ClFl|Rl |FI C2F2 |C2F2 |C2F2 |C2 — C2Fl [CIFIl —
Permeability C2Fl1|— — Rl | — — C3F2 [F3 — |— — — — — — — — C2F3 |C2F2
Chemical tests ClFl1|CIFl |— R1 R1 — — — — | — C2F2 |— — — — — — — —
Y see sections 3 and 4 for nomenclature R1  High for rock R2 Medium for rock R3  Low for rock
» in horizontal and vertical direction Cl High for coarse soil ~ C2 Medium for coarse soil C3  Low for coarse soil
? will depend on pressuremeter type Fl High for fine soil ~ F2 Medium for fine soil F3  Low for fine soil
9 assuming sample is retained —  not applicable
®  soft rock only
" ‘main soil groups “coarse” and “fine” according to ISO 14688-1
Applicability: NOTE  Depending on the ground conditions (such as soil type, groundwater conditions) and the planned design, the selection of
investigation methods will vary and may deviate from this table.
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Table A.1 (continued)

Laboratory test " Test results

Water content (soil) —  Value of (w)

Bulk mass density (soil) — Value of (p)

Particle mass density (soil) |- Value of (p)

Particle size distribution — Grain size distribution curve

(soil)

Consistency limits (soil) — Plastic and liquid limit values (wp), (wp)
Density index (soil) — Values of €. €min and Ip

Organic content (soil) — Value of organic content (Com)
Carbonate content (soil) — Value of carbonate content (Ccacos)
Sulfate content (soil) —  Value of sulfate content (Csos™) or (Csos™)
Chlorite content (soil) — Value of chlorite content (Cg))

pH (soil) — Value of pH

Compressibility oedometer |- Compressibility curve (different options)
(soil)

— Consolidation curves (different options)
— Secondary compression curve (creep curve)

— Values of Eqq (stress interval) and ', or Cy, C., 6,

— Value of Cy,
Laboratory vane (soil) — Value of strength index (¢y)
Fall cone (soil) — Value of strength index (¢, )
Unconfined compression — Value of strength index g, = 2¢,
(soil)
Unconsolidated undrained |- Value of undrained shear strength (c,)
compression (soil)
Consolidated triaxial —  Stress-strain curve(s) and pore pressure curve

compression (soil) —  Stress paths

— Mohr circles
- c.@ orcy
— Variations of ¢, with &’

— Deformation parameter(s) (E') or (E,)

Consolidated direct shear —  Stress-displacement curve
box (soil) — rodiagram
-, ¢

— Residual parameters
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B.3 examples of recommendations for the spacing and depth of investigations

(1) The following spacing of investigation points should be used as guidance:

— for high-rise and industrial structures, a grid pattern with points at 15 m to 40 m distance;

— for large-area structures, a grid pattern with points at not more than 60 m distance:

— for linear structures (roads, railways, channels, pipelines, dikes, tunnels, retaining walls), a
spacing of 20 m to 200 m;

— for special structures (e.g. bridges, stacks, machinery foundations), two to six investigation
points per foundation;

— for dams and weirs, 25 m to 75 m distance, along relevant sections.

(2) For the investigation depth z, the following values should be used as guidance. (The reference
level for z, is the lowest point of the foundation of the structure or structural element, or the
excavation base.) Where more than one alternative is specified for establishing z,, the one which
yields the largest value should be applied.

NOTE  For very large or highly complex projects, some of the investigation points generally extend to greater
depths than those specified under B.3 (5) to B.3 (13).

(3) Greater investigation depths should always be selected, where unfavourable geological
conditions, such as weak or compressible strata below strata of higher bearing capacity, are
presumed.
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(4) Where structures under B.3 (5) to B.3 (8) and B.3 (13) are built on competent strata, the depth
of investigation can be reduced to z; = 2 m, unless the geology is indistinct, in which case at least
one borehole should be taken down to a minimum of z, = 5 m. If a bedrock formation is
encountered at the proposed base of the structure, this should be taken as the reference level for z,.
Otherwise, z, refers to the surface of the bedrock formation.

(5) For high-rise structures and civil engineering projects, the larger value of the following
conditions should be applied (see Figure B.1 a)):

— Za=26m:
— Zal 3.0bp.

where bg is the smaller side length of the foundation.

(6) For raft foundations and structures with several foundation elements whose effects in deeper
strata are superimposed on each other:

Za= 1.5:by

where by is the smaller side of the structure, (see Fig. B.1 b)).
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a) foundation b) structure

Figure B.1 — High-rise structures, civil engineering projects
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(7) Embankments and cuttings, the larger value of the following conditions should be met (see
Figure B.2):

a) embankment b) cutting
Figure B.2 — Embankments and cuttings
a) For dams:

- 0.8h<za< 1.2h
— Za=6m

where A is the embankment height.
b) For cuttings:

-  Za=220m
- Za 2 0.4h

where A is the dam height or depth of cutting.
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(8) Linear structures, the larger value of the following conditions should be met (see Figure B.3):

R RN
| ol |
Z; Za
a) road b) trench

Figure B.3 — Linear structures
a) For roads and airfields:
Za = 2 m below the proposed formation level.
b) For trenches and pipelines, the larger value of:

— za =2 2 m below the invert level:
— Za2 1,5bap

where bay, 1s the width of excavation.

¢) Where relevant, the recommendations for embankments and cuttings should be followed.
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(9) For small tunnels and caverns, (see Figure B.4):
bAb <Za< Q.ObAb
where by, 1s the width of excavation.

The groundwater conditions described in (10) b) should also be taken into account.

Z;

Figure B.4 — Tunnels and caverns

e SO Sy Wy~ W I 168 Reza Abdolahy




Jozvebama.ir
EN 1997-2:2007 (E)

a)

(10) Excavations (see Figure B.5).

b)

b 4leS Gos g Aol

Where the piezometric surface and the groundwater tables are below the excavation base, the
larger value of the following conditions should be met:

— z.204h
— Zz2(+20m

where
t is the embedded length of the support; and
h is the excavation depth.

Where the piezometric surface and the groundwater tables are above the excavation base, the
larger value of the following conditions should be met:

- zZ2(1,0H+2,0)m
- Zz2(@+20m

where
H s the height of the groundwater level above the excavation base; and
t is the embedded length of the support.

If no stratum which is slightly permeable to groundwater is encountered down to these depths:
Za2t+5m

1

._.}: .y...-s\-,:yujT.tz‘, el

Key

—————
| ———

groundwater
Figure B.5 — Excavations
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(11) For water-retaining structures, z, should be specified as a function of the proposed level of
impounded water, the hydrogeological conditions and the construction method.

(12) For cut-off walls (see Figure B.6):

— Za2 2 m below the surface of the stratum impermeable to groundwater.

Figure B.6 — Cut-off wall
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(13) For piles (see Figure B.7), the following three conditions should be met:

- Za21,0b,
— Za250m
— 2a P 3DF

Dy is the pile base diameter; and
by is the smaller side of the rectangle circumscribing the group of piles forming the
foundation at the level of the pile base.

(OB C IO

o o
° o o

s I LD |

: p--_.?m--ﬂ'

Figure B.7 — Pile groups
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