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Faculty of Earth Sciences
King Abdul-Aziz University

Course Description (Theoretical)

Department: Engineering and Environmental Geology

Course Symbol: EEG Number: 341
Course name: Engineering Geology

Pre-requisite Courses: EEG 311, EEG 322

Course description: - Engineering geological consideration, description of soils and rock
masses. Classification of rock masses for engineering purposes. Engineering geological maps
and their applications. Requirement of conducting Engineering Geological studies and Writing
Reports, Rock and soil improvement such as grouting, drains and reinforcement of ground (2
days Field Trips)

Course objectives:
1. To outline the contribution of engineering geology to the civil and mining works
2. To explain the classical approach to solve an engineering geological problem
3. The extensive uses of engineering geology maps
4. The role and effect of engineering geology in the improvement of earth materials

General references for course: (Books/Journals...etc.)
1. Engineering Geology and Geotechnics by BELL, F. G., 1980.
2. Engineering Geology: Rock Engineering in Construction by GOODMAN, R.E.,
1993
3. Engineering Geology: An Environmental Approach by RAHN, P. H., 1986
4. Engineering Geology by ZARUBA, Q., and MENCL, V., 1976
Internet links:
Geology and Geological Engineering
Geotechnical and Geoenvironmental Software Directory
Geophex, Ltd.
GeoLine
SpringerLink: Bulletin of Engineering Geology and the Engineering Geology
Journals in engineering geology, earth science, environment, ...
Engineering Geology

Course outcome: The student will be trained to know the description of soil and rock masses
for engineering purposes and is also expected to know the following:

1. Engineering geological maps and its applications.

2. Rock engineering properties and the geotechnical problems they cause.

3. The various techniques for soil and rock improvement.

Scheme of assessment:

3 exams: 30%
Field Trip: 10%
Attendance: 10%
Lab work: 25%
Final exam: 25%
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http://srd.yahoo.com/srst/12902258/engineering+geology/36/63/T=1023614696/F=14c98d7661d9bb1a892de1b02713c564/*http:/www.ggsd.com/
http://srd.yahoo.com/srst/15859873/engineering+geology/40/63/T=1023614696/F=01fcd0f856bb4ab759a23e7f3951493a/*http:/www.geophex.com
http://srd.yahoo.com/srst/50553698/engineering+geology/49/63/T=1023614881/F=979a9e9e1fe3d7f7f0bdf5aca3496393/*http:/www.geoline.dk/
http://srd.yahoo.com/S=2766679/K=engineering+geology+/v=2/l=WS1/R=1/H=0/*-http:/link.springer.de/link/service/journals/10064/
http://srd.yahoo.com/S=2766679/K=engineering+geology+/v=2/l=WS1/R=1/H=0/*-http:/link.springer.de/link/service/journals/10064/
http://srd.yahoo.com/S=2766679/K=engineering+geology+/v=2/l=WS1/R=40/H=0/*-http:/www.earthresearch.com/journals/engineering-geology.shtm
http://srd.yahoo.com/S=2766679/K=engineering+geology+/v=2/l=WS1/R=51/H=0/*-http:/www.kaau.edu.sa/newkaau/enggeology.asp

Time Table for Course Lectures

Week Test Name References
1 Introduction: Definition, purpose and scope See above
2 The broad scope of engineering geology
3 Functions of engineering geology
First Exam
4 Types of Maps
S Engineering geological map. Geohazards maps
6 Comparison between geological and engineering
maps,.
7 Description and classification systems of soil

Second Exam

8 Description and classification systems of Rocks

9 BGD system

10 Geological Society system

11 IAEG system, RMR system

12 Third Exam

13 Requirement of  conducting  Engineering
Geological studies,  Engineering Geological
Reports

14 Rock and soil improvement such as grouting,
drains and reinforcement of ground

15 Rock and soil improvement such as grouting,
drains and reinforcement of ground

16 Final Exam
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Time Table for Course Lab Work

Week Test Name References
1 Review: Engineering properties of soils and rock.
2 Flowchart function
3 Types of Maps Exam 1
4 Classification of engineering geological maps
5 Single purpose map
6 Multipurpose & Comprehensive Maps
7 Soil Classification( USCS) Exam 2
8 Description and classification systems of Rocks (Review)
9 Zonation BGD — system
10 | Rock Mass Description System by GS
11 | Rock and Soil Descrip. & Class. For Eng. Geol. Mapping
(IAEG)
12 | RMR System Exam 3
13 | Conducting Engineering geological study
14 | Example of Writing Eng. Geol. reports
15 | Lab Final Exam
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1. Engineering Geology and Geotechnics by BELL, F. G., 1980.
2. Engineering Geology: Rock Engineering in Construction by GOODMAN, R.E.,
1993
3. Engineering Geology: An Environmental Approach by RAHN, P. H., 1986
4. Engineering Geology by ZARUBA, Q., and MENCL, V., 1976
Internet links:
Geology and Geological Engineering
Geotechnical and Geoenvironmental Software Directory
Geophex, Ltd.
GeoLine
SpringerLink: Bulletin of Engineering Geology and the Engineering Geology
Journals in engineering geology, earth science, environment, ...
Engineering Geology
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3 exams: 30%
Field Trip: 10%
Attendance: 10%
Lab work: 25%
Final exam: 25%
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Function of Engineering Geologist
v v

Interpretation of - &
Gound Condition ifirati
v Exploration and |dentification of
v 3 Assessment Hazards
Soil Condition Rock 00:%_”: | |
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f Rock Mass Rock m,\._mmm. Site Investigation mX0m<mﬂm03
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soil Type 1984 Movement
il Thi v v Water . low strength
soil Thickness Rock Soil Water . g
Soil Texture v Soil Rock Mountain roads
Ground water H % Slope Stability
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Engineering Geological Maps
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Classification of Engineering Geological Maps :-

a- Based on Scale:- sl sl e adiaal Lail Al

A Al b bl g dagdall L cliloall ¢ A8l -
1- Large Scale:-
> 1:100,000....... 1: 1,000,000

2- Medium Scale:-
1:10,000-1:100.000

1 cm: 100000 cm
dajall daglall

3- Small Scale :-
1:10.000 and less

1 cm=1000cm
dajall el
1cm=100m

b- Based on Purpose
gl o mall e sadtiaad) Lail Al -
1- Special purpose Map:-
Cpme e o) caaa culd dadl A -

- Small Scale Map.
- Large Scale Map.
- Analytical map.

2- Multi — purpose Map:-
Csaae Gl el o calaal el dail A -
- Comprehensive map.

c- Based on Content: - ¢ sinall e saaiaall Ll Al)
1- Analytical Map.
2- Comprehensive.
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Engineering Geological Maps( dswiigd) 4 ol gaadl Jail J3d )
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Classification of Engineering Geological Maps

1- Based on Scale

a- Large Scale Map (1:1000000-1:100000)
b- Medium Scale Map (1:100000-10000)
c- Small Scale Map <10000

2- Based on Purpose
dagleall ¢ 50 o ading g
2.1- Special Purpose
2.1- Multi Purpose

3- Based on Content
Gsinall o ading
3.1 Analytical Map
3.2 Comprehensive
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Example of Description

BGD

1-Rock Name
2- Layer Thickness
3- Fracture Intercept

4-Uniaxial Compressive Strength

5- Friction Angle

Classification Example of

RMR il dakai) Jlia

Rating |
Ucu vl
RQD Y]
jS 0]
Joint Condition Yo
Ground Water o]

Total RMR =90
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A- Soil and Rock Description classification system
For Engineering Purposes

1- Soil Description and classification system

Unified Soil Classification System (US CYS)
BY: Terzaghi and peck 1968

Engineering proper ties of (US C S)

1. Soil type

2. Grain size

3. Soil texture

4. Soil color

5.Cc_Cu

6. Strength

7.LL _PL

2- Rock description and classification Systems

Description classification
a- Basic Geotechnical b- Rock Mass Description of a- Rock Mass Rating (RMR)
Description of Rock Engineering purpose BY:Bieniawski 1974
Masses (BGD) BY: Engineering Group
BY: International Society | Geological Society (GS) 1972 1. Strength
of Rock Mechanics Rock material | Discontinuity 2.Rock Quality Designation
(ISRM) 1981 1. Rock type | 1.type (RQD)
1. Rock name 2. Color 2. sets no 3. Spacing of Joint (J.S)
2. Layer thickness (L) 3. Grain size | 3. Joint spacing 4. condition of Discontinuity
3. Fracture intercepts (F) | 4. Strength 4. orientation 5. ground water
4. Uniaxial Compressive Dip/ Dip direction
Strength (UCS)
5. Angle of friction(A)

B- Soil and Rock Mass Description and classification system
For Engineering Geological Mapping
Rock and soil description and classification for engineering geological
mapping. Bulletin of the International Association of Engineering
Geology, No. 24, pp. 235-244,

EEG 341 dadigll L sl gl (las Vo prillae Jaan oalgs /)
Seadae dlal) daala wa N agle 4l Ll 5 dptigl) Lia ol guad) acid




Soil Classification and Description

A- :Soil Description:-

1- Soil Type.

2- Soil Color.

3- Mineral Composition.

4- Strength (Consistency), Density.

Type of Soils:-
1- Sand. , 2- Silt. 3- Clay. 4- Sabkhah. 5- Mixed (Gravel, Sand, Silt, Clay)

-1 Sl LS i A8 e g sl O o (lanal Jlie *
- Yellowish Red (Granite : Mineral Composition : K- feldspar — Plagioclase)
- Black — Gray (Diorite — Gabbro : Mineral Composition : Biotite — Muscovite)
- Yellow — Beige (Clay — Dolomite)
SW , SP : CL

4- SPT (Standard Penetration Test) :-
N
- Very Dense.
- Dense.
- Medium Dense.
- Loose.
- Very Loose.
e Soil Description :- -: a5l Jtia
- Sand = Yellow. Dense, Angular, Very Loose. SW 0 - 15 % Relative Density.

ASTM (1985a). Standard practice for description and identification of
soils (visual-manual) procedure. Test designation D2488-84. 1985
Annual Book of ASTM Standards, American Society of Testing and
Materials, Philadelphia, VVol.04.08, pp. 409-423.

ASTM (1985b). Standard test method for classification of soils for
engineering purposes. Test Designation D2487-83. 1985 Annual Book of
ASTM Standards, American Society of Testing and Materials,
Philadelphia, Vol. 04.08, pp. 395-408.
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Soil Description

The sequence of describing a soil sample is as follows:
a) Compactness and consistency

b) Color

c) Descriptive term

d) Soil identification (Major constituents)

e) Soil identification (Minor constituents)

) Water content descriptive term.

a) Compactness and consistency: (stiffness or density)

b) Color: the soil colors provide information of soil minerals and
environments.

Red: Indicates iron oxide

Pale Yellow: Hydrated iron oxide
Black: Organic soils

Dark brown: due to dark

Gray: (manganese, magnetite)
Green: Glauconitic

White: Silica, gypsum, kaoline clay.

In general use only basic colors. Describe soils with different shades of basic
colors by using two basic colors; e.g. Gray brown.

“Mottled” means marked with spots of color while "streaked" means
having color patterns which cannot be considered spotted.

c) Descriptive term:
e Coarse grained soils
I. Use angular, subangular, rounded etc. to indicate the shape of the
grains
Ii. Use coarse medium, fine, coarse to fine, or medium to fine to
indicate grain size distribution of the samples.

e Fine grained soils
Use brittle, friable, spongy, sticky, fissured, fibrous, etc. if
applicable.
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e Other descriptive terms applicable to both fine grained and coarse
grained soils are : with occasional, with frequent, pockets of,
layers of, seams of, lenses of, etc.

These will follow the soil identification.

d) Soils identification: (Major constituents)
Identify the major matrix of the soil sample and write this in Capital
letters e.g. GRAVEL, SAND, SILT, CLAY.

e) Soils identification: (Minor constituents)
Identify the minor matrix of the soil sample and write this in small letters
e.g. gravely , Sandy, Silty , Clayey.

f) Water content descriptive term.
Seepage, Wet, Dump, Dry, very Dry

Examples:

Sand: Dense, brown, subangular medium grained, trace silt, with pockets
of clay.

Gravel: Very dense, gary, angular fine grained, some sand and trace silt,
with seems of clay.

Silty Sand: Medium dense, gray brown, subrounded medium grained
with trace gravel and lenses of clay

clay: Stiff, dark gray, sticky with some silt.

B- Soil Classification:
Unified Soil Classification System BY: Terzaghi and peck 1968
It includes:- 1. Soil type, 2. Grain size, 3. Soil texture, 4. Soil color, 5. Cc, Cu 6. Strength, 7. LL -PL

Sieve analysis test is a test to determine gradation, which is common mean for describing the
particle size distribution present in a soil. It is applied to the soil fraction consisting of gravel,
sand, silt, and clay particles.

Soil Types:- (1) Cohesion:- CLAY (2) Cohesionless:- GRAVEL, SAND, SILT

Cu Coefficient of uniformity = D60 / D10

Cc Coefficient of curvature = (D30)? / (D10*D60)

Soil Strength: - The Standard Penetration Test (SPT) is useful in determining certain
properties of soils, particularly of cohesionless soils, for which undisturbed samples are not
easily obtained. SPT (Standard Penetration Test) :-Very Dense, Dense, Medium Dense. Loose
Very Loose.

Plastic Limit, PL, and Liquid Limit, LL are engineering properties for clays.
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Unified Soil Classification System

(ASTM designation D-2487)

2o
Major Division <] ”E 4 Typical Names Classification Criteria
P &
GW  (Well-graded) Cu=Dso/Dio
gravels and Greater than 4
gravels-sand (Ds0)”
mixtures, litter =
g or no fines Do x Dgo
2w GP (Poorly graded)
< =
8 z © gi ZXZ:SSZ?:i Not meeting both
wg 0.2] o2 g - criteria for GW
O ov Y I Q mixtures, little
> Lo 02 =
SesTIo S or no fines O
< 8 g2 = Bﬂm gl Atterberg limits plot
5 8¢ GM Slitygravels, | 8558 T
X g . & .~ A | below “A” line or
e = gravel-sand-silt | = A " o e
w5 . = O U & plasticity index less than
fé mixtures k55 Bﬁ O a4
o0 + &
8 e g0 -
2 22 GC Clayey gravels, 5 o Atterbirg”l mHitsplot
28 ravel-sand-cls 2 p/:5 akiove A
- 28 8re Y1 € 2 3 5| Line and plasticity
O o N s
S Enes S % 2 & index greater than 7
£33 o = § A=
0 o k2 = (& «=Deso/Dio
2 EE BW' “Well-gmdad 8 22 | Greater than 6
g0 3 sands and g™ 9 (Dso)’
) 3
S aE @~ gravelly sands, 28 | ¢
2 5 ? g little or no fines | S &x | ¢~
© © = : SRXa 2 Do x Dep
- oo =~
g g O 2| SP Poorly graded = g g o
Sw sands and 8 <5 E| Not meeting both
B« 3 gravelly sands, | © 2 & o] criteria for SW
§ Xg@ little or no fines = = 2
&2 é’j;. &l Atterberg limits plot
£ gZ SM Silty sands, sand- ?\1\0 | below “A” line or
° B> " silt mixtures —{ plasticity index less than
S & Q 9l 4
=& | g& = —
§ g | Atterberg limits plot
@ Z|SC  Clayey sands, above “A”
sand-clay Line and plasticity
mixtures index greater than 7
EEG 341 dadigll L sl gl (las V4 prillae Jaan oalgs /)
Sl Al daaly i M p e 4l Al g Apenigh) Ui sl anid




Rock Mass Description

Apaigl) doa gl sl Tl jall s ) s g 2l -
c S ay e B oke 4 -
-1 Chua gl Aokl (e (e a5 -

1- Basic Geotechnical Description
(BGD)
ISRM 1981
) Gpuanigal Ll

ISRM : International Society for Rock Mechanics .

2- Rock Mass Description for Engineering Purposes
(GS)
Geological Society
1972 — 1977

> shsn el
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Basic Geotechnical Description, (BGD)

ISRM (1981)
- Al Gal Al e adiad
I Geological factors:

1- Rock name.
2- Weathering.

Il Structure Geology factors:
3-F.l.,J.S.
4- Layer thickness.

11 Engineering factors:
5- Strength Parameters.
6- Friction Angle.

Basic Geotechnical Description of Rock Masses, Int. Rock Mech. & Min. Sci. &
Geomech. Abst. Vol. 18, pp. 85-110, Pergamon Press Ltd., 1981.

o3 la S5 i il g a8 gall o) o (5 gy Jsan (8 plaTi 5 a1 038 un
- sl 13¢d (3Uail 3p3a3 5 o g S (5311
REPIEU RPN TSN [ RURPRIRUE P01 | g

- Jla
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St. 1: Granite, W3 , Location:1.1,1.2,1.3
St. 2 : Basalt , W1, Location:2.1,2.2,2.3,2.4

St. 3 : Diorite , W2 , Location : 3.1

St. 4 : Diorite , W4 , Location: 4.1, 4.2

Location <%

Stat|0n - C"_'AU:AMEJ\ d\.}..d\ (K¥S &L\.}.ﬂhﬁ}%}ﬂ\&é)d})};@\ (‘M.ALI RREN)
Location: - Jéall 13 & Ll 5 leuld ol dauaigll clel jall 3aY cillasall Jaky aasy
28 503 ylie

il Lada
Summary Results
Station Rock Weathering F.I, Layer UcCs 9 Descript | Zone
No. Name J.S. thickness ion
1 I
2 I
3 i
4 1"

Lo giall

+ 43ada
caaly @lai  Lgmami danigd) al sall jsall 54y il da o 5 Auall ¢ 5 sl 1Y)

Granite: - W3, F3,L3,S2,A2.
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The description of rock masses for engineering purposes
By
Geological Society
(GS)
[Engineering Group] Working Party.

s il 1 Lple adieg Al al 52l
By the Geological Society (Gs)(Engineering Group) Working
Party, 1977

Properties of Intact Rock Properties of Rock Mass
Description: Description:

1- Rock type 1- Types

2- Color 2- Numbers of

3- Grain size discontinuity sets

4- Texture and fabric 3- Location and orientation

5- Weathered and altered 4- Spacing between
state adjacent discontinuities
6- Strength 5- Aperture of
discontinuity surface
6- Infilling
7- Persistence or extent
8- Nature of surface

Geological Society (1972). The preparation of maps and plans in terms of
engineering geology. Geological Society Engineering Group Working Party
Report, Quarterly Journal of Engineering Geology, Vol.5, pp. 295-381.

Geological Society (1977). The description of rock masses for engineering
purposes. Geological Society Engineering Group Working Party Report,
Quarterly Journal of Engineering Geology, Vol.10, pp. 355-

PR SUVNPOF YWY 1) JRSUF SUU. Y - PV PEUJE
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Rock Mass Rating (RMR)
BY :Bieniawski 1974

s sl el (al A (e ST el () s pdY Cppmndigall et Lo ST 5 Lanig)

RMR Classification System

/ JGa

Rating

15 130 MPa UCS

17 75 % RQD

20 2m J.S.

30 s Joint con.

10 Dry Ground Water
92 % >

RMR Classification (1) :
- Very good Rock Mass .

CAalall () e Y1 5 e liall adiiiy
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Soil and Rock Description ——>% A+ dauis i) oo sl saal) Jai alall 205 aa
Soil and Rock Classification—>% ¥+ 4y wtigh ol gl L Jaxhy 5 danxia el
L Caial o 45kl oda b aial) Cagall
RMR
Aguigl) doa o guad) Aoy A sy &5 (e 5 Sl Jae Qi 4de
ugmﬂ\}um)j\wds@obyﬁbw\j

: .~.. - Lgﬁ P

RMR
DAl o HLiell A pania Ao 5l gaa Aoy JA ai ) Sy
Slope.
Foundations Dam .
Tunnels.
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ROCK AND SOIL DESCRIPTION AND CLASSIFICATION
FOR ENGINEERING GEOLOGICAL MAPPING

By
International Association of Engineering Geology

IAEG (1981). Rock and soil description and classification for
engineering geological mapping. Bulletin of the International Association
of Engineering Geology, No. 24, pp. 235-244.

A- Description of rocks for engineering Purposes:

1 —The descriptive rock name:.
A —The lithological name.

2- Description of rock material :.
A —color
B- texture.
1-Relative Grain Size.
2-Grain Shape.
3-Fabric.
4-Porosity.
C- state of weathering.
D-state of alteration.
E-strength.

3-Description of the rock mass:
A-structure.
B-Discontinuities.
1-Orientation.
2- Spacing.
3-Persistence.
4-Roughness.
5- Wall Strength.
6-Aperture.
7-Infilling.
8-Seepage.
9-Number Of Sets.
10-Block Size And Shape.
C-The weathering profile.
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B- Classification of soil for engineering purposes:
1-The descriptive soil name:

A - Basic Soil Types.

B - Composite Soil Types.

D - Coarse Composite Soil.

E- Very Coarse Composite Soil.

F- Mixtures Of Very Coarse Soil With Finer Materials.

G- Organic Soil.

H- Plasticity.

| - Genetic Type Of Deposit.

2- Description of soil material:
A — Color.

B-Particle Shape and Composite.
C- State Of Weathering.
E- Strength.

3- Description of soil mass:
A-Structure.
B-Discontinuities.

D-The Weathering Profile.
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