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where E is Young’s Modulus and # is the Poisson’s ratio.

2- Secondary (or Transverse or Shear) waves (S-Waves) : In transverse waves,
the particle motion is normal to the direction of propagation. Their velocity, Vs,
1s

pVis=E/[2(1+pu)]

(see above for explanation of symbols).
From the equations: (a) both velocities are independent of amplit
the waves; and (b) Vp is always greater than Vs, hence the longi
the first to arrive at any detector.

Seismic waves obey the same relation among frequengy f', wavele8th A, and
wave spread v as do light waves and sound waves in air, thagis:
fh=v
In SI base units, frequency is expressed in hertz (Hz),Qyavelength in m, and
velocity in m/s. Of the obvious parameters appearijag in aba¥e Eq. (11.9), it is the
wave velocity that will be of primary coffte asuring the distance L
between the rock faces, the velocities Vp an e P and S waves can be
calculated by:

Ve=L / tp s Vs=L/ts C: (4.10)
Where tp is the time required for t% e to reach the opposite face, and #s is

the corresponding quantityforghe ¢. In fact, for any tock tested, it is found
that zp < ts, which means Vs . P waves travel faster than § waves. In
addition, P and S wa depend upon elastic properties of the rock that
transmits the waves and 1t§density. Thus, formula of P and § wave velocities can
be derived in terms of the mbduli that describe the elastic properties of the rocks.
The formulas argy °

V= [, {p(I+p) (1-2u)}]"” (4.11)

S(G/p)” =[E/ {2p(1+pu)}]"” (4.12)

®
is the Young’s modulus; G shear modulus; # Poisson’ s ratio; and p the

he
% ity of the rock.
&4.2.3.3 Moduli from Wave Velocities
As elastic moduli describe the deformation in rocks under a specific mode of
loading either static loading or dynamic loading. As civil engineer is interested

in obtaining such constants, so the knowledge of the wave velocities allows
calculation of the elastic moduli without subjecting the rock to actual loading and
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deformation in the laboratory. So the required moduli as given from their defining
equations with respect to wave velocities are:

1- Young’s modulus (E): Its unit is Pa
Ve=[E(1-u)/{p(1+u)(1-2p)}]"” ; °

E=[pV(I+p) (1-2u)]/(1-p) (4@
2- Poisson’s ratio (u): It is unitless. (b
u=(Vpe-2V4s)/(2V?»-Vs) 4.14)
3- Shear modulus (G): Its unit is Pa °
Vs=(G/p)"” ;
G =pVs b (4.15)

4- Bulk modulus (or Incompressibility)(%\it is Pa.

Ve= [(k+4/3G)/p ]

K=pVr—(4/3G) %: (4.16)

Its reciprocal is K the ipco

EXAMPLE 4.4: Find theW¥¢nstty and bulk modulus of a rock has wave velocities
3.95 km/s and 5.82 km/s and’shear modulus 37.6 GPa.

[ )
=5.82km/sand Vs=3.95 km/s

¥7.6* 10°Pa/p)1”?

[(kg 4/3 G) /p |*
s = [{k+4/3(37.6* 10°Pa)} / 2410 km / m® ]2

0
%&. 49 *10'° Pa
& =31.5 GPa
EXAMPLE 4.5: Calculate the velocities of P and S waves in a rock has bulk
modulus of 11.916 GPa, a shear modulus of 7.932 GPa, and a density equal to
2.62 gm/cm’.

p =2.62gm/cm’=2620kg/m’
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Ve= [(k+4/3G)/p]”

Vep= [{11.916*10° Pa +4/3(7.932 * 10°Pa )} /2620 kg / m* ]!
Ve=2930m/s=293km/s

Ve = (G/p)z/z

Vs =(7.932 * 10°Pa /2620 kg / m?) 12

Vs =1740m/s=1.74km/s )

and Poisson’s ratio of 0.36. Calculate:
a- the velocity of P wave velocity in the rock.
b- all elastic constants that could be determined.

EXAMPLE 4.6: A rock has S wave velocity of 3.4 km/s, a density of,2.7 @

=[E/{2p(1+u)}]"”
Vis=E/[2p (1+p)]
(3400m/s)2—E/[2(2700kg/m3)(1+O36)
E =8.489*10° Pa
E=2849 GPa
VP=[E(1—ﬂ)/{P(1+ﬂ)(1—2!!)}]”2
Vp=E(1-p)/[p(1+p)(I- 2.”)]
V2p —849*109Pa(1—036)/[270 / +036)(1—2*036)]
Vp=7269.64m/s=727km/s
VS_(G/p)I/Z

G =pVis
G =(2700 kg / m? ) (3400

G =3.12*10"°Pa=

Vo= [(k+43G) /p]"”

V2p=(k+4/3G)/p

(7270 m/s) > * OOkg/m3) k+ [ 4/3 (3.12* 10° Pa)]
k=1.01 01 GPa

3.4 Seismdc Techniques

o
ic methods can be divided according to their applied type of waves into

e
%n ethods:
& =Seismic Reflection Method: It depends upon reflected waves and it is used

almost exclusively in the petroleum exploration and for structural and lithological
boundaries in great depths.
2- Seismic Refraction Method: It depends upon refracted waves and it is used
mainly for finding the thickness of unconsolidated deposits at shallow depths.

In the applied seismic methods, waves are generated at a shot point usually
by firing off a small explosive charge electrically or, in adaptations of the method,

73



Engineering Geology (2) (Applications) Building & Construction Engineering Department
Prof. Dr. Hussein Hameed Karim University of Technology

by dropping a weight or by hitting a metal plate with a sledgehammer. The arrival
of the waves at various stations on a line of traverse is detected by seismometers
( geophones ) planted at the surface, or by hydrophones in water-covered areas.
These convert ground or water motions into a varying electrical current. This is
transmitted along wires linking each detector to a seismograph, where the output
from each channel is amplified and recorded. On the seismic rec@rd
(seismogram), the ground motion at each detector is represented by a line
wiggles on one trace of the record. The time taken by the waves as they follgw
different paths between shot point and detector can be measured as the e
of explosion, and time marks (usually at 0.01 s) are recorded also, %
In the simplest and most commonly used seismic-refraction ig. +3),
only the times of the first pulse of energy to arrive at each detector @ge us€d. For
this reason, seismic-refraction apparatus is simpler and cheaper than ti#&t needed
for seismic reflection surveys, in which more complgx el@gtronic equipment is
essential to give a useful record of later, reflected irst arrivals at
detectors close to the shot point travel directly along the nd’surface. A plot of
arrival times (7) against distance (X) of each corresp@nding detector from the shot
point gives a straight line. Its gradient is the®ecifi§oc the velocity (V) of the

rock at the surface. \

1/velocity=1/V (4.17)

Slope = Time / Distance = 1/ (Distanc¢
Thus, if the waves penetrate tw %, en two straight lines with different

slopes (i.e. 1/ V7 and 1/k?>) and intersected at a point which is called
the cross-over point.
In refraction me the waves pass through the upper layer across

the interface and penetrat@ynto’the lower layer. In the lower layer, they travel at
the velocity of waves in tha?layer, which is V> . Hence, their travel times depend
on V2 as well aspk . Figure (4.3) shows the refracted waves produced by waves
[ from the shot point (S). If the rock layer below layer V; has

2" (1.e. V2> V), there is a critically refracted ray which travels
: 2. If layers V7 and V> are coupled mechanically, such that the
f V> candot vibrate without exciting waves at the base of V; (and this is the
natal sggte of subsurface rocks), then waves pass through the interface from

gle i. to the normal. Paths of this type (where the ray first plunges through

r %to V7, and in the process are refracted to continue towards the surface at
cr

Vi at the critical angle, then the wave travels rapidly along the top of

the direct ray. The delay in going down to and up from V- is compensated as X

Q&\efractor V>, emerging through layer V; at the critical angle) gradually overtake

increases by faster travel through the refractor. Critically refracted compressional
P-waves eventually become the first to arrive at the detectors beyond a particular
value of X. The gradient of the 7T-X values of these arrivals bears a simple relation
to the velocity of a horizontal refractor. If the straight line of the first layer is
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oHsists of two straight-line segments, each of which is related to
o velocity layers V; (soil) and V> (bedrock) distance X from S.

of the two velocity layers V'1 (soil) and V2 (bedrock). The interpretation of
thegl-X graph is discussed in the text.

extended to 7=0, thus time is referred to as time intercept (T;), or Ty in the Figure.

hile the intersection points of the straight lines is called the cross-over point,
where its distance from the shot point is called the critical distance (X.). Thus the
depth z; from surface to interface may be obtained from the 7-X graph, using the
critical distance by equation:

27=Xa/2 [(V2=Vi)I(V2+ V)] (4.18)
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or by means the intercept time by equation:
ua=ViVaTul[ 2(VZ:-V?)] " (4.19)

Ti; 1s the intercept on the time axis (X=0) of the projection of the velocity segment
on the graph which corresponds to V> arrivals. The velocities V; and V> are
obtained from the gradients of the corresponding velocity segments. This theo

can be extended to derive the depth of each of n horizontal interfaces separafing

case, two-layers case. In case of dipping interface model , it is
the distribution of velocities more precisely, so it is preferable to ma
both ways'' or reverse shooting.

Applications of Seismic Refraction Technique in Civi ineering
1- It is important for site investigation to &ete bsurface rocks (such as
bedrock) and their different properties, such as¥gr site investigations.

2-Determining the subsurface layers velo€igCs,agd depths (or thicknesses) and
their extensions and locating the regio ess.

3- Delineating fracture zones, such %faults and cavities.

4- Tt is important for ground st % as detecting groundwater levels and
water quality.

5- Mapping buried chaane d sand deposits.
' ions for estimating some geotechnical

A’seismic refraction surveying team takes in a site , the time-
ows that the first critical distance X.7 is of 1200 m from the
critical time T .7 of 0.4 s, while the second critical distance X is
00 g from the source ant the critical time T 2 of 0.6 s. It is required to find:

iy cgity of the first layer ; 2- velocity of the second layer ; and 3- the depth to
Jorizontal interface.

1-As Xer=1200mand Te1=0.4s;s0 Vi=Xe/T=1200m/ 0.4 s=3000 m/ s

2- As the cross-over point represents the beginning of the first critical distance
Xe1 at a distance 1200 m and time 0.4 m, and waves from the second layer at
a distance of 3200 m and time 0.6 s and then the velocity of the second layer
is:
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Vi=(Xe2 -Xe1) /(T2 =T c1)=(3200 m — 1200 m) / (0.6 s — 0.4 s)=10000 ms™!
3- To find the depth ( = thickness for the first layer ) :

a=Xa/2 [(V2=Vi)I(V2+Vi)]

z1=1200m /2 [ ( 10000 — 3000 ) ms'/( 10000 + 3000 ) ms™' ] 1

z1=440 m
L
EXAMPLE 4.8: A seismic refraction surveying was carried out in a site, t \
S
t

results of time-distance curve found two layers with velocities 2000 and 4000,
for the first and second layers respectively. Find the depth to thg ho
interface, knowing that the critical distance at 0.13 km from the s e.

u=X/2 [(V2=Vi)I(V2+Vi)]
z1=130m/2 [ (6000 —2000)ms"! /(6000 +2000)m
z21=4596 m

1]1/2

EXAMPLE 4.9: A seismic refraction survey was m for a hydroelectric
project. The results of time-distance curve found gago layesS with velocities 600
and 1200 m/s for the first and second layers fes the critical distance was
180 m from the source and the time interce t% cond layer Ti; was 150 s.
Find the depth to the boundary separating oydyers using:

1- the critical distance ; 2-the time 1

2u=X/2 [(V2=Vi)/(V2+V,
z1=180m /2[(1200 — 60 \
z1=51.96 m
zu=ViVaTull 2(
z1=(1200 ms™ )(600 ms’
z1=51.96 m

+ 600) ms™'] /2

] 12
0.15s)/[2 {(1200 ms!)? — (600 ms™ )? }] 12

®
pbing (Penetrating ) Radar ( GPR)

4.1 Basic Jfheory

Stands for Ground Probing Radar, is also called Ground Penetrating
and as the name suggests, it is a technique for probing the ground. GPR is
amgéophysical method that uses radar pulses to image the subsurface. This non-

estructive method uses electromagnetic radiation in the microwave band

(UHF/VHF frequencies) of the radio spectrum, and detects the reflected signals

from subsurface structures. GPR can be used in a variety of media, including rock,

soil, ice, fresh water, pavements and structures. It can detect objects, changes in
material, and voids and cracks. Like any other radar, it works by sending an
electromagnetic wave into the ground and recording the returning signals that
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reflected from the subsurface horizons. These returning signals contain
information about the materials, or to be exact about the changes in materials or
penetrates of the ground at different depths.

GPR uses transmitting and receiving antennas or only one containing both
functions (Fig. 4.4). The transmitting antenna radiates short pulses of the high-
frequency (usually polarized) radio waves into the ground. When the wave hit a
buried object or a boundary with different dielectric constants, the receivi
antenna records variations in the reflected return signal. The principles involiged
are similar to reflection seismology, except that electromagnetic en rgm

: . )

dielectric constants instead of acoustic impedances.
It is known that most of soils and rocks have very low conduct

102 S/m) thus the electromagnetic waves propagationgs mainly a ected by
electrical dielectric constants of soils and rocks. The appli
considered low compared with that of Radar freq
penetration inside earth layers.

The propagation of the radar signals into e laye
electromagnetic properties of soils and rock®w a
1- Dielectric Permittivity (&)
2- Electrical conductivity (o)

Thus if these properties are cha %ptly at the layer interfaces so part of
the energy will be reflected as in e% ection as shown in Fig. (4.4).

R R
-
3 (- .
Direct T-R wave
Medium 1 &€r1 01 VA 1 Interface 1-2(Reflector 1)
¥
S :
& Medium 2 €r2 62 V)
. L
Medium 3 &3 o3 Interface 1-2(Reflector 1)
v
Z=TV/2 Time
® . ‘s C
Q Fig. (4.4). GPR transmitting and receiving signals.

The propagation of electromagnetic (EM) waves at frequencies in the range
of megahertz (radar pulse) is mainly controlled by the dielectric properties of the
rock material. The velocities of propagation of radar signal are related to the
relative dielectric constant relative permittivity (or relative dielectric constant)

(Er) .
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V=C/(”r£r)1/2 (420)

where & (= £/&g) is the ratio of the dielectric permittivity of the medium to the
dielectric permittivity of free space (=8.85*10"'2F/m), Ur (=f/Ho) is the relative
permeability of the medium which is about unity for most earth soils and rocks,
and ¢ = 3*10° m/s (=0.3 m/ns) is the velocity of EM waves in free space. Siffce
Hris close to unity for most rock materials (except a few strongly magnetic rockg),
radar velocity is primarily controlled by the dielectric constant of the mediufiNgs

Hr=1:

V=c/(&.)" 21)

In comparison with water for which & =81, most ge
much lower values, the lowest values (in the range 3.40) b
and silt, unaltered hard rocks, permafrost soils and ice.

GPR uses transmitting and receiving antennas or on
functions. The transmitting antenna radiateg sh ses Of the high-frequency
(usually polarized) radio waves into the ground . N\Yh@f the wave hits a buried
object or a boundary with different diele x nts, the receiving antenna
records variations in the reflected ret ” The principles involved are
similar to reflection seismology, ex electromagnetic energy is used
instead of acoustic energy, and refle appear at boundaries with different

are sharp differences in properties of the

dielectric constants instead of a 1 :
It is appropriate to u i f
materials being surveafed. ¢ @itferences of the materials are small or their

changes gradual then th@feturfihg signal are difficult to interpret in many case
just impossible. GPR is suited for geophysical, archeological surveys and
civil engineering gpplications to locate hidden objects in the ground.

of®he materials are trying to survey are not distinct enough
wd to detect them. We can use the concept of reflection
coefficien derstand better the idea behind the materials contrast. The
reflection co@fficient (p) is the ratio of the difference of the square roots of the
rdlative dielectric constant of the two interface materials to the sum of the square
rootof fhe relative dielectric constant of the two materials:

@(&2 2_egn?)/(En'? +E€1p77) (4.22)

where &g 1s the relative dielectric constant of the overlying material; and & is the
relative dielectric constant of the underlying material.

The reflection coefficient (R) can take positive or negative values, but for the
purpose of the tutorial we are going to be concerned with the absolute value if it
not the sign. Then, if it is correct to say that the reflection coefficient takes values

09
p—
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ranging from 0.0—1.0 .The closer the reflection coefficient gets to one the better
for ground penetrating radar survey. Thus, the reflection coefficients grades are:
1- Weak reflection coefficient (-0.2 < R <0.2).
2- Intermediate reflection coefficient (0.2 <R <0.35)or (-0.35<R<-0.2).
3- High reflection coefficient (0.35<R<1.0)or (- 1.0 <R <-0.35).

The energy reflected is directly proportional to the reflection coefficient. As ¢he
thickness of a layer or object decreases the energy reflected also decreas
depending on the thickness and signal wavelength in the medium. Thus, N

resolution power of GPR is controlled by the layer thickness. The res6Witio
increases when the distance between any two interfaces becomes leal
to quarter of the radar signal. &( ,
Water plays an important role in the attenuation of the EM waves and it affects
the GPR survey. The higher the conductivity of the materials we are trying to
survey the higher the attenuation of the electromagnetic waves penetrating the
media and therefore the less we can "see" into the ground. Highly electrical
conductive media are salt water, and some types of clay particularly if they are
wet. Agricultural soils containing soluble fertilizer like nitrogen or potassium can

be highly conductive as well.
How does water affect the GPR survey?

1- Soils-containing water have high elegtti ductivity.
2- Water particles absorb energy Wig %requency (> 1000 MHz). Thus high

Yy

frequencies are used for shallow d suwestigations, while low frequencies are
used for large depth invesggation

The depth range R
ground, the transmitt

Ijfited by the electrical conductivity of the
equency and the radiated power. As conductivity
increases, the penetra pth also decreases. This is because the
electromagnetic energy is tore quickly dissipated into heat, causing a loss in
signal strength af®depth. Higher frequencies do not penetrate as far as lower
' better resolution. Optimal depth penetration is achieved in

anite, limesfone, and concrete where the depth of penetration could be up to
. In gnoist and/or clay laden soils, saturated concrete and soils with high
conductivity, penetration is sometimes only a few centimeters. The

pth of penetration is related with the electrical conductivity by the following
gercral formula:

D=35/c (4.23)
where D is the depth of penetration in (m) and ¢ is the electrical conductivity in
(mS/m).
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4.2.4.2 Applications of GPR in Civil Engineering and Limitations

GPR has many applications in a number of fields:

1- In the Earth sciences: 1t is used to study bedrock, soils, groundwater, and ice.
2- In Engineering applications include nondestructive testing (NDT) ®@of
structures and pavements, locating buried structures and utility lines, and studyi
soils and bedrock.

a- The advantages of using GPR are many; first of all it is
inexpensive way of surveying large areas without destroyin
anything. Non-destructive-Ground Penetrating Radar provides
means to locate items within materials.

b- GPR provides an easy way of estimating depth t
bedrock, caves and many other underground or under surfa
the need for digging.

c- GPR systems have no problem what so ever to find metallic or non-metallic
pipes, electrical cables hidden underground, concrete conduits etc.(Picture on the

left showing a hyperbola in the B-Scan, which is typical for pipes) .

hen‘)mena without

d- GPR can be used to visualize numer erfals, voids, cracks, and leaks
at slab grade.
e- GPR reduces the time needed to deadlines. GPR can locate items

in real time avoiding film developi% s JGPR operates in real time. Scans are

available within minutes.
3- In environmental re idtion®
plumes, and other re I si

4- In archaeology: 1t s Wg€d foRmapping archaeological features and cemeteries.
It is used in law enforcem r locating clandestine graves and buried evidence.
5- In military: Itguses include detection of mines, unexploded ordnance, and
tunnels. )

1s used to define landfills, contaminant

The mo nificant performance limitation of GPR is poor performance in
high-conductivity materials such as clayey soils. Performance is also limited by
si sc@titering in heterogeneous conditions (e.g. rocky soils).

r Wisadvantages of currently available GPR systems include:
Interpretation of radargrams is generally non-intuitive.
& « Considerable expertise is necessary to effectively design, conduct, and
interpret GPR surveys.
o The cost of GPR equipment and software is relatively high.
« Relatively high energy consumption can necessitate large cumbersome
batteries for extensive surveys.
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4.2.4.3 Examples of Jobs Performed

A leaking pipe at slab grade was identified to limit the digging necessary to
replace the segment of pipe below a residential property. The location of a leak in
a subsurface pipe is undetectable by any other means. An underground tank was
located using GPR for replacement. The tank was to be reused for another purpese
and could not be damaged. GPR was used to locate the tank. The size, shape, an
depth were located quickly and the tank successfully removed. If concrete cophg
is being done the technician will identify a safe area without cutting rebar 0
Tension Cables. Ground Penetrating Radar can aid Law Enforcemefif by
evidence or burial grounds (Figs. 4.5 and 4.6).

y

Fig. (4.5). A ground - penetrating radargram e ’N an historic cemetery in
Alabama, USA. Hyperbolic reflecti ndicate the presence of reflectors
buried beneath the surface, possi ated with human burials.

o
LE 4.10: If the time for receiving radar signal from a subsurface reflector
s where the reflector depth is 408 m from earth surface. Find the radar wave
& city in the reflector?

Z=(L2_X2)1/2

For large depths Z= L ; so

Z=L=V(T/2)

V=Z/(T/2)=408m/(24s/2)=340m/s
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EXAMPLE 4.11: A subsurface refractor interface has been detected by
ultrasonic waves at a specific depth from earth surface, if the wave frequency is
500 kHz and its wavelength 0.003 m and the knowing that the transmitting signal
has been received after 4.0 s. Find the depth to the subsurface reflector?

V=f2a

V=(500kHz) (0.003m)=1500m/s °
Z=V(T/2)

Z=(1500m/s)*(4.0s/2)=3000m

EXAMPLE 4.12: A radar signal has been introduced into water wi
of 1.0 MHz where the average electrical conductivity of water
the relative dielectric constant of water is 80.0. Find:

1- the radar signal velocity in the water ; 2- the depth of pgnetration.
V=c/(&)"

V=3*108 m/s)/(80)"

V'=3.3510" m/s=0.033 m/ns

D=35/c

D=35/(4.0mS /m) *

EXAMPLE 4.13: A radar signal sent % PR into two different media dry
0

sand and wet clay. It is found their rphat lectric constants were 10.0 and 40.0

respectively and the electrical cogd ity of the dry sand was 0.01 S/m. Find:
1- the reflection coefficie aq@ ; 2- the radar wave velocities in the two
t1

R=(&r"" -€1'2)/(n"7+ &2 "7)

R=(40.0"2__ 10 ' )¢/ (10.0'2 +40.0 ')
. +6.3)=0.32
. arades of the reflection coefficient, with the value of R = 0.32 it

i€ reflection coefficient.

c/(€r)”?=(3*10%m/s)/(40.0)2=474*%10" m/s

D=35/¢6
D=35/(001S/m)=35/10.0mS/m=3.5m
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4.2.5 Electromagnetic Methods
4.2.5.1 Basic Theory

Electromagnetic Methods use an EM field generated by a transmitter coil
through which an alternating current is passed. This generated a magnetic field
around the transmitter coil. These methods generally use frequencies in the ran
between 100 and 5000 Hz, but radio waves of higher frequencies are also uégd
When the transmitter coil is held near the earth, the magnetic field i

different strength depending upon the ground conductivity. Th 1s
measured in a pass1ve receiver coil. Changes in the phase a , and
orientation of the primary field can be measured either tance by
using the receiver. These changes are related to the electMgal such as electrical

resistivity (p), magnetic permeability (u), the frequ M field and the
type of the soil and rock cover. There are several differen

4.2.5.2 Applications of EM Methods in Ci®il imegring

1- They are all have the advantage of bem d less expensive.

2- The techniques are very effective 1 prospecting such as conductive
bodies. %

3- They can be used to detect in the earth conductivity related to
contaminant plumes, b waste such as plumes or salt-water
interfaces.

4- They can be used M
levels and subsurface caviyy
5- The technique has beenMised effectively in mapping buried channels where
channel-fillin erialghas a resistivity contrast with the enclosing medium.

er investigations such as mapping groundwater

4.2.6 Grav thod

4.2%.1 Bgsic Theory

%‘he gravity method depends on the gravitational attraction which is defined
& ewton’s Law. If the earth is one of the two masses, then its gravitational
attraction is more generally described in terms of the acceleration g it evokes in
the other mass. Gravitational acceleration g has traditionally been expressed in
cgs units of cm s 2, called for this purpose a gal (after Galileo). Its value ranges
from just under 978 gal at high altitude at the Equator, to over 983 gal at sea level
at the Poles. A smaller unit, the milligal (equal to 0.001 gal) has conventionally
been used in exploration surveys. The gravity method depends on the density
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contrast across the interface being investigated. Since structures of interest in site
exploration are relatively small, the gravity method is usable only if the density
contrast is relatively large, and even then only as a reconnaissance method
because of poor resolution.

Comparison of observed values of g corrected for elevation, etc. with the
theoretical value for the same station normally shows a difference called ¢he
Bouguer anomaly at the station. Bouguer anomalies exist because the densi
layering in the earth is not simply concentric. Folds, faults and igneégs

anomalous masses with respect to a horizontally layered earth
magnitude of a Bouguer anomaly is related to the size of st

density contrast is relatively large, and even then only
because of poor resolution. This condition is met in

Gravity meters, for example the commonly used Wo eter, can be read
to a precision of 0.01 mgal, though slight irregularges in inBtrumental drift make
the accuracy less. Errors in correcting for ¢fevafign, Wgggular terrain around the
meter station, and tidal effects normally reduce&a racy of a corrected reading
to about 0.03 mgal under favorable circu small flat site), but the error

may be closer to 0.1 mgal where topogpdphWisdtregular. Although this is a small
fraction of the total earth’s gravity " an insensitive measure of changing
subsurface conditions, and for thi the gravity method has had limited

application to engineerin

pull of gravity at different places (stations)
dict how rocks of different density occur below
the traverse. If we consi
Figure 4.7, with only two

ing this as a standard, let us redistribute the materials. If the
er 1s stepped up towards the surface by a fault (F on Fig. 4.7),
rt,of the 2.0”g cm™ layer in the standard model is now substituted by 2.5 g cm™
ial. g'he new density model may be described as differing from the previous,
model by the addition of a positive anomalous mass of density +0.5 g
@ and of cross-sectional area abcd. This extra mass increases the pull of gravity
& tive to the "standard" value. There is a gravity anomaly with respect to
tandard gravity that corresponds to the anomalous mass and indicates its
presence.

85



Engineering Geology (2) (Applications) Building & Construction Engineering Department

Prof. Dr. Hussein Hameed Karim University of Technology
_ volue of g at surtace -
2 20k coresponding 10 ——
? ancmalous mass -
- -
- A"
.)' - 1
& — ——Qravity an0maly
g 1o - :
o -
= — I
= Lee—— H “standard gravity value’
g e — — — — — — — — — — ) — — — — — ) — —
: L
3 \

_ ground surtace RO'MW meter o tE %&

i

100 = 209“" y

Depth (m)

density layers, is plotted as ‘standard 8ravit§ e’. The raising of a
block of the denser 2.5 gcm? layer byﬁh along the fault F

increases the value of g along the tr e. e greatest increase is
on the upthrown side, and the mosf ragid change of g along the traverse
(that is, the greatest horizontal g 2) occurs immediately above

the fault. The difference b en_ thle second set of values, which
include the effects of the 0 s mass, and the °‘standard value’

at any surface poift is ‘gravity anomaly’ at that station.
The units used for s (mgal)
4.2.6.2 Applications of Method

1- It is mainly used for regidnal studies such as that related to earth crust.
2- Delineation ofggtructgral contacts and faults.
3- Invest&atio inerals and petroleum.

6.

mall areas. Recording of such anomalies requires a high degree of precision in
gravity instruments. The unit of this instrument is pgal (= 10° gal). Nowadays,

Q& he term microgravity denotes an extremely small anomaly occurring in a very
S

this method is used in engineering and geotechnical applications.
The main applications of microgravity in civil engineering are:
1- Detection of subsurface voids and cavities.

2- Mapping the ancient buried channels.
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3- Finding solutions for problems associated with man-made openings such as
abandoned mines and tunnels.

4- For detailed studies for dam sites and detecting groundwater courses.

5- It may be used to study the amount of concrete required for grouting.

6- It 1s used for archeological studies.

7- Observing and monitoring the changes in earth crust for earthquake prediction.

8- It is used for mineral deposits and petroleum reservoirs. 0

4.2.7 Magnetic Method
4.2.7.1 Basic Theory

The earth’s magnetic field (that is, the geomagne gges slowly with
time, and from place to place. The variation with geograpliical position includes
a gradual change of magnetic intensity from abou oersted (Oe) at the Equator
to 0.70¢ at the Poles. L

The SI units of magnetic flux density is the%m . The unit commonly used
in applied magnetic surveys is the gam 1 ma =107 Oe). Acute local
differences of intensity from the normﬁ: und value of a region are called

magnetic anomalies, and are causg resence of magnetized rocks in the
ground.

a
1ZAon from:
imentary rocks, such as red sandstones, may
acquire weaker permane agnetization during deposition, part or all of the
magnetization of a rock may be induced temporarily by the present field; that is,
it would disappegl if thg rock specimen could be screened magnetically from it.
The degget aofgtjzation in a given intensity of field is related to the magnetic
suscepfil ch mineral in the rock and the intensity of magnetic field.

Rocks acquired its
I- Induced Magne

emanenf Magnetization: This type of magnetization depends on the

gic gistory of the rocks. Since a magnetized body has positive and negative

ongic poles, both positive and negative anomalies are produced by the same

of rock. The shape of the anomaly curve is controlled not only by the shape

& e magnetized body but also by the direction in which it is magnetized by the
geomagnetic field.

A variety of instruments have been designed to measure different parameters
of the geomagnetic field. The most commonly used in site exploration is the
proton magnetometer, which gives the value of intensity at a station to within 1
gamma. A reading can be made in a few seconds and, once the stations are pegged
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out, a survey can be done rapidly. There is usually no need to level the stations or
make systematic corrections to the readings if the survey is over a small area only
and 1s completed in a day. The contoured results (an isogram map) of a survey
carried out over an abandoned mineshaft are shown in Figure 4.8. The position of
the shaft’s rectangular outline is approximate as there is no confirmatory surface
feature. The nature of the capping of the shaft, which produces the posit'ﬁle
magnetic anomaly, is unknown, but it seems unlikely that iron railings are prese
Other anomalies in the geomagnetic field are typical of a colliery yard.

m-wsm‘ 15090 wdla0s %
1 GAMITAS
figem am
dDirary Dae
value

“ 10) "“‘ﬂ__,_m\ql:*‘-
o (-\/o
R S ) S S

Yy

Q
Fig. (4.8). The position of a concealed is shown by
The rectangle on the map. The m omalles related to
it and to the colliery yard are d ontourlng the readings
taken by a proton magne 100 gamma interval
between isogams.

4.2.7.2 Applications ethod

1- Magnetic surveys are us ainly for mineral exploration.
2- Magnetic survews are used to study the structure and composition of the earth.
1 affplication of the magnetic method is to locate boundaries

S¥Petection of archeological objects.
- n Be used to delineate the area of unconsolidated basin fill or buried river
channel aquifers.
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REVIEW QUESTIONS AND PROBLEMS

4.1 Why is resistivity as obtained in the field called apparent resistivity?

4.2 Comment on the utility of the electrical resisivity in civil engineering @
4.3 Give short notes for the following items: \«
a- Bouguer anomaly (b

b- Reflection coefficient
c- Remanent magnetization

d- Time intercept
e- EM method

4.4 Contrast between the following:
a- Electrical sounding and electrical profiling.
b- Remanent and induced magnetization.
c- Geophone and hydrophone. ®

d- GPR and seismic reflection.
e- Gravity and microgravity methods.

4.5 What are the main geophysical t%hat are used in civil engineering
projects? List their main ap 1%3

4.6 If the travel time
What is your inft

oth or irregular instead of straight line,

ompare the velocity values you obtained for the rock specimens with
thosg of the concrete specimens.

Is it true that P - waves always travel faster than S-waves ? Can you

justify this by equations?
4.11 What is the range values of Poisson’ s ratio for rocks? In which ( either
Field or laboratory) of determination of Poisson’ s ratio, are the values for

rocks higher and why?

4.12 How does water affect the GPR survey?
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4.13 The readings given in Table (4.1) were obtained using a resistivity
meter. Complete the table by finding the geometric factor and apparent
resistivity .

Table (4.1). Problem 4.13.
L
MN/2 | AB/2 | Voltage | Current | Resistance | Factor F App. Res.
(m) | (m) (mV) (mA) (ohm) =(n/MN)[(AB/2)*- m

pPa(oh
(MN/2)?]
0.15| 1.5 | 53.0 26 S
0.15] 2.1 | 206 23

0.15 | 3.0 11.4 28

015 | 45| 3.8 22
0.75 | 45 | 17.0 20 )

0.75 | 6.0 | 13.0 28 R
0751 9.0 | 7.7 32

0.75 | 12.0| 3.3 25

0.75 | 15.0| 2.6 28 °

4.14 The following readings (Table 4.2)% tained using Wenner

arrangement during an electrical x% mplete the table.
Table (4.2). Problem 4.14. %

Electrical spacing g : Reagmg R | Factor K | Apparent Resistivity Pa
(m) (ohm.m)
2
4 .
6 0.469
8 ® 0.311
1 0.258
15 0.179
20 0.163

5 0.147

0.137

35 0.135

&4.15 When one face of a slab of rock is struck with a hammer, a detector at the
opposite face 85.0 cm away receives waves 230 um and 425 um later. Find
the velocity of :
a- the S wave and,
b- the P waves in this rock

(Ans. a- 2.0 km/s ; b- 3.70 km/s)
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4.16 Certain rocks have density 2.75 gm/cm® , Young’s modulus 47.4 GPa,
and Poisson’ s ratio 0.413. Calculate the velocity of S waves in the rocks.
(Ans. 2.48 km/s)

4.17 A seismic refraction survey results in data fitting the lines shown on the
graph of Figure (4.9). Find the depth to the horizontal interface.

Travel time (ms)

>

100

. L
200 380 stanc@(m)
Fig. (4.9) Problem 4.17.

|
4.18 A particular rock has a shear modulus @Fa and seismic wave
velocities of 2.25 km/s and 3.87 km/s@%v ulk modulus of the rock.

(Ans. 20.5 GPa.)

4.19 In arefraction shooting six g were placed along a straight line

and the seismic record go owing data (Table.4.3):
Table (4.3). Prob .

Geophone istance from shot point (m) Time of first arrival
(sec)
° 100 0.15
200 0.10
300 0.15
4 400 0.19
b Gs 500 0.23
e Ge 600 0.28

&It 1s required to:
a- Draw the time-distance graph and how many layers are there?
b- Determine the velocities and
c- Determine thickness of layer(s).
(Ans. a- 2 layers; b- V1=1943 m/sec, V,=4000 m/sec; c- Z:= 104.6 m)
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5. Geological Problems Related to Civil Engineering

5.1 Earth Movements
5.1.1 Types of Earth Movements (Down-slope Movements) ° @
There are two main types of down-slope movements as illustrated in Figur&\(

(5.1 and 5.2):
1- Slow Movements (b
It includes:

Creep: It is common on many sloping surfaces. Creep occurs on s and
produces a downhill movement at low rates (less than 10 mm per yea the top
few meters of soil. It is facilitated by the effects of and by heavy rain
washing out fines from the soil. Any excavation on fed®ed by creep is
likely to increase movement. Creep may be recogniZalfle by displacement of
fencing or of a cover of turf, or by drag effects of strata er the soil. As the
rock, including rock fragments, are subjectegto ¢ ing erosion and decay, the
support under the rock fragments may be go @lter€d that their mechanical
equilibrium is disturbed and they move do %u der the influence of gravity.
Solifluction: It is a special type of slow ‘@ ement. It is defined as the slow
flowage down a slope of masses of r ¢ saturated with water. It is well
developed in permanently frozen gfo rmafrost).

oss of support beneath the rock fragments may be due to
many causey I as mechanical movement and disruption and decay of the rock

xpansion of rock mass due to freezing of contained water, thus the major
neft of motion will be normal to the slope. When melting later occurs the
@ séd particles will subside again but vertically under the attraction of gravity.
BnJdownhill creep of soil and rock fragments due to freezing and thawing.
4- Both rupture by frost and chemical decay may remove support from beneath
rock fragments and permits downward movement on a slope.
5- Expansion and contraction in rock masses due to temperature changes.
6- The effect of repeated saturation and drying of water in voids of the
unconsolidated materials.
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7- The effect of plant roots in causing rock cracks and factures filled by slided
soils , the effect of wind, animals and vehicles.
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Fig. (5.1) . Types of down-slope movements.
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o
Fig.(5.2). Slope failure at Sonom ty, Walifornia.

2- Rapid Movements @
Rapid mass movement occur ag¥ariqus)kinds of slides and flows. The basic

S
every part of the mass moves with

distinction between them, flowsgin
1 des, the whole mass moves as a unit by

respect to every other p
sliding upon a single

a- Flows: Flow is a rapi vement of waterlogged soil, broken rock and mud

fter protonged rain. It involves loss of cohesion in a mass of
in sa@l mechanics and engineering works use a classification
alge masses of fine material, especially if suddenly saturated,
bn hill-slopes and adjacent valley floors specially in semi-arid
¢ called lahr. When large blocks as well as fine material are
ingolved are Called debris avalanches which are characteristic of mountainous
r S. @

@ides: They move as distinct blocks and may slide upon curved shear surfaces

or upon some structural surface such as bedding layers in the rocks. Sliding upon
a curved shear surfaces 1s most common where clays or sands stand in steep walls
as in sea cliff, or the bank of rivers, and of artificial cuttings. The sliding
characteristics of banks are of immense importance in engineering. Changing the
strength of the bank material by removing water (either by installing drains or by
planting trees with a high transpiration rate), and so increasing the internal
friction, is a method used to stabilize some banks. Examples of banks that were
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overloaded by surcharging (through building construction) are known from many
places, sometimes the results have been disastrous, whole housing developments
having slide into a valley.

Rock slides, controlled by the structure of the rock, occur when some potential
plane of movement slopes toward an open face and is overloaded. The movement
plane may be a fracture, a bedding surface (plane), or any other similar featur@

Minor rock falls are produced by weathering acting on unstable rock slop

The susceptibility of a given rock to weathering processes can be estimatediy

metamorphic rocks are considered to be safe on slopes if their value
3%. If exposed rocks on a slope have high saturation moiggure contents

conditions, and their swelling behavior noted. Ice acti ant if joints are
present. If the rock mass has a low block volume, that is ¥gss than 0.5 m?® minor
rock falls may occur, even if the rock has a low sagggation mfoisture content.
Major rock falls usually result from col®ps y undermining of rocks
above a weak layer. The agent may be weathfRng,®rOsion or mining. Common

weaknesses in a rock mass which can lead t after weathering and etching
out by erosion are layers of clay roc% @@ in joints, and carbonate rocks,

including calcareous sandstones. ;

Causes of Landslides Q
The main causes

1- The presence of weak Wgck fayers such as shales or unconsolidated materials

such as sands and gravels.

2- The presence@;k and solid rock layers over weak rock layers .
3- The pgé . ding surfaces , joints and steeply dipping faults .
4- Thep f steep rock cliffs.

5- The scarC@of/Vegetation due to high temperature .

F rs @ausing Initiation of Movements

- Increasing weights of rocks due to water saturation.
3- Earthquakes resulted from faulting or volcanoes.

Qpports removal by natural processes (such as waters and wind), or by human—
Q&Q eing activities (such as excavation and mining).

4- Friction decrease between rock masses in the presence of water.
5- Pressures resulted from extension and contraction of water by thawing and
freezing respectively.
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Subsidence

It is resulted from the slow vertical movement of earth masses due to
overloading or weakness of the lower materials. Its causes are:
1- When the positive areas were uplifted, the adjacent areas were depressed.

2- Exploiting groundwater.

3- Destroying the roofs of mines. °

4- Dissolution of chemical rocks such as limestones.

5- Compaction due to increase in the weight of rock column. \«
6- Earthquakes and blasting. (b

5.1.2 Engineering Aspects of Landslides

Damages and Costs

Highways, railways and pipes are the most commop fedres that are affected
by landslides. Also green lands and houses may b
landslides. Rivers and lakes may be subjected to such slifgs as’a result of sliding
and excavation. For example, as a result of earthquakes, a gfeat damages may be
occurred and accompanied by landslides c®usinfgym towns to be destroyed.
Thus rockslides or landslides are very numer% sually small. The majority
probably involve only a few hundred or a sand tonnes of rock and may
not even achieve local notice. Some ar e or disastrous and achieve great
fame. The largest slide known i i1s the prehistoric slide at Films,
Switzerland, where about 18 cubjic ked@mc¥ers of rock fell off the mountain slide.
It dammed the valley of thie Rhin eight of 600 meters. Many other slides
were occurred later; s rred in the Pamir Mountains in 1911 that
contained 2500 milli ers of rock and formed a dam 800 meters high
in the Murgab River; an ide that occurred during 1982-1983 in Yeshtil,
USA, that contained about’4 million cubic meter of claystone, sandstone and
limestone. °

Iife and propérty. Hence, it is usually a serious concern to see it that a local
a emgnt of earth materials on slopes does not pass from a static to a dynamic

c. WBngineering intervention may be necessary if the risk of sliding is
' icant. Thus different stabilizing techniques are introduced by some
Bineering expedient to avoid slips.
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Stabilization of Slopes

In brief, the different common measures taken to prevent slope failure are as
follows:
1- Lowering moisture content of soil forming slopes.
2- Lowering groundwater table by drilling deep wells to exploit water.
3- The slope is drained to reduce load and increase strength of frictional forcestby
means of trenches filled with rubble (fragments).

4- To increase slope stability either the slope is modified by removing mat&\«
t

from the potentially active part of the slope (load removal) and adding %

or both processes.
5- When such slopes are nearby life and property (such as highways,
buildings), walls construction is recommended. The s 1
retaining wall or by embedded piles which are anchored to
and rock behind the wall must be drained.
6- An unstable rock face may be stabilized either by b8lting”or by using steel
mesh. Bolting is used to anchor large unstable blagks, and’steel mesh to cover
entire sections of an unstable steep rock face®To liding, stabilization may
be done by installation of rock bolts which a% ds usually of steel driven
through the block into the slope and are eraly installed at 90° to the slope.

n a new road cutting, sufficient

Where such unstable slopes exist, for

shoulder width should be allowed t "%" debris, and a side ditch excavated
with or without a rock fence to p 0% ew road. Another method to prevent
sliding is stitch the block toethcNglOp€. A hole is drilled through the block
perpendicular to, and i 10 me cement is poured into the bottom of the

e is inserted. One end of the cable is secured by

rock.mass. The soil

hole. Then, instead o
the cement, when harden

5.1.3 PredictioQP‘evention of Landslides

ps are caused by the gradual deformation of the unconsolidated
ose resulted abruptly due to earthquakes. To prevent landslides,
tRe previous ®chniques may be used in addition to other methods suggested by
\cergsuch as electrical osmosis permeability.
ding the prediction about the landslides, engineers and geologist usually
% the nature of the loose materials and rocks forming the slopes, measure its
&g ient, nature and distribution of cracks, moisture content of soil and rocks.
ome sophisticated instruments may be used to measure the fluid pore pressures.

In case of abrupt landslides, there is no signs indicate the possibility of landslide
occurrence.
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5.2 Principal Geological Factors Affecting Engineering Projects

5.2.1 Stability of Slopes and Cuttings

Geological Factors Affecting the Stability of a New Excavation
®
The static conditions that control the initial and also the later stability of
steep face cut into soil or rock, and which may determine the need for suppoﬁ

remedial treatment, are as follows: cb
1- The properties in bulk, particularly the shear strength he matefial

forming the cutting: The stability of a cutting in rock is usually de
occurrence of joints and other planes of weakness, and on
and the friction across these planes.

2- The structure of the rocks and soils, and spe
weakness are orientated relative to the newly expo fa€e: for example,
horizontal bedding planes in poorly jointed sandgtone o give near vertical
faces which are stable, whereas faults or joints arallel to the new face,
and dipping steeply towards it, will probably 1 of movement or potential

w.any planes of

instability.
3- The groundwater conditions: SatusatiOg significantly lowers the strength of
most soils compared with their valy ry. Certain soils weaken to a stage
at which they run like viscous ligu pore pressure of ground water in a

frictional resistance to movement. (The
allows a hovercraft to glide over water, or

inSgability of an adjacent slope. An initially stable slope may become unstable

’ the passage of time because of human disturbance. This may consist of

da@ding a fresh load such as a spoil heap, removing support by excavating, or
riggering movement by vibrations from nearby heavy machinery.

The other common geological causing instability of existing slopes are:

a- Weathering of the soil or rock of the slope so that it becomes weaker: This

may affect the bulk of the material (for example, boulder clay) or may be
concentrated along planes in a rock. Chemical alteration of existing minerals is
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important under certain conditions, as is mechanical break-down in others,
Periglacial weathering in Pleistocene times also affects the stability of some
present-day cliffs.

b- Erosion of the slope by a river or other natural agent, usually at its base but
possibly along a weaker layer or plane, may cause undermining to take place.

c- Change in water content of the soil or rock: heavy rain, especially afte® a

drought, saturates the material forming the slope, increasing its mass and t
gravitational pull on a given volume, and also reducing the strength of soilsA&hd

the friction along any discontinuities. (b

5.2.2 Erosion and Deposition

There are different pictures and nomenclature of erosion a
processes depending upon the type of transporting agent yhether it is
or ice. Thus, there are:

1- Erosion and deposition by water. ¢
2- Erosion and deposition by wind.
3 Erosion and deposition by ice.
®

5.2.2.1 Erosion and Deposition by Water Xy

Rivers do not ordinarily flow in straight{lyae long. Small irregularities in
the channel cause local fluctuations 1 i, which result in a little erosion
where the water flows strongly 1 e slide of the channel and some
deposition of sediment where it sho a bit. Bends, or meanders, thus begin
to form in the river. Oncgga mgan s, it tends to enlarge and also to shift
downstream. It is erod e e and downstream side of the meander, the

omewhat faster (and the channel, too, tends to
be a little deeper there asSresult); point bars, consisting of sediment deposited
on the insides of meanders, Build out the banks in those parts of the channel. The
rates of lateral m@vement of meanders can range up to tens or even hundreds of

g gh rates below 10 meters/year are more common on smaller

cut bank, where the

¢ irregularities in the channel may slow flow enough to cause
ent there. Over a period of time, if the sediment load of the river
e, tRese channel islands can build up until they reach the surface, effectively
the channel in a process called braiding. If the braided river may develop

%ﬂplex pattern of many channels that divide and rejoin, shifting across expanse
& ediment.

Over a period of time, the combined effects of erosion on the cut banks and
deposition of point bars on the inside banks of meanders, and downstream
meander migration, together produce a broad, fairly flat expanse of land covered
with sediment around channel proper. This is river’s floodplain, which in the area
into which the river spills over during floods. Sediment deposition during floods
can, be an important additional factor contributing to the formation of this flat
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area surrounding the channel. The floodplain, then is a normal product of river
evolution over time.

Meanders do not broaden or enlarge indefinitely. Very large meanders
represent major detours for the flowing river. At times of higher discharge,
especially during floods, the river may make a shortcut, or cut off a meander,
abandoning the old, twisted channel for a more direct downstream route. The @ut
off meanders are called oxbows. These abandoned channels may be left dry,
they may be filled with standing water, making oxbow lakes.

Regarding deposition, variations in river’s velocity along its leng
reflected in the sediments deposited at different points as illustydig
(5.3). The more rapidly a river flows, the larger and denser 4%g
moved. The sediments found motionless in a river bed at any point'e
big or heavy for that river to move at that point. Where thg river flows¥uickly, it
carries gravel and even boulders along with the finer sedimSfts. As the river slows
down, it starts dropping the heaviest, largest particles? and gravel-and
continues to move the lighter, finer materials along. If riv@g velocity continues to
decrease, successively smaller particles are droppegithe sand-sized particles next,
then the clay-sized ones. In a very slowly fl&infgiv&y only the finest sediments
and dissolved materials are still being carrie%w ver flows into a body of
standing water, like a lake or ocean, the ri velocity drops to zero, and
all the remaining suspended sediment 1&
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Fig. (5.3). The relation between erosion and deposition in running water.

The relationship between the velocity of water flow and the size of particles
moved accounts for one characteristic of river-deposited sediments: They are well
sorted by size or density, with materials deposited at a given point tending to be
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similar in size or weight. If the river is still carrying a substantial load as it reaches
its mouth, and it then flows into still waters, a large, fan-shaped pile of sediment,
a delta, may be built up. A similarly shaped feature, an alluvial fan, is formed
when a tributary river flows into a more slowly flowing, larger river, or a river
flows from mountains into a plain.

An additional factor controlling the particle size of river sediments is physi®al
breakup and/or dissolution of the sediments during transport. That is, the fart
the sediments travel, the longer they are subjected to collision and dissolutign,
and the finer they tend to become. River-transported sediments may th n
overall, to become finer downstream, whether or not stream’s velogity g@
along its length.

It is seen that navigable rivers are of great importance to peopl e depend
upon rivers for energy, travel, and irrigation. Civil enginegt plays a cenffal role in
the design, construction and maintenance of navigable in waterways. Many
of these activities demand engineering judgment ret n ability to use
the tools of hydraulics and the theory of model.

Any effort to regulate or control the flow of nagagal streafs should begin with
an understanding of the forces in the river d®vel The power exercised by
a river originates in the potential energ itSyributaries. Water flowing
downstream consumes this energy in its o rtation against the resistance
of the bed and banks which confine t 0 il eroded in this process is used
by the river as a grinding powder tpafa he rate of downstream erosion. The
deepening channel becomes a m jcfit conduit for the growing stream, and
the resulting increase in vglocigy a tes the process of channel cutting.

5.2.2.2 Erosion and y Wind

A strong wind blowing across rock debris or soil can lift and carry fine material
as dust, and_canginove ghe larger sand grains by rolling them and making them
ace. This windborne movement of material occurs in areas
¢getation and is typical of hot desert regions, although the
process also ates in cold deserts and some coastal areas. Wind both transports
ald sorts the Material. The finer, silt-sized fraction is carried in suspension by the
w. ang) may travel great distances before it is eventually deposited as loess.
ser material that remains forms sand dunes. Both

5 and sand dunes are liable to further erosion by wind unless their surface is
& abilized by vegetation or another binding agent. They are composed mainly of
quartz with a smaller fraction of other stable minerals such as iron oxides. Near
coasts calcite in the form of shell debris may occur occasionally. Clay minerals

are virtually absent.
Erosion and transport by wind are most important in desert regions, which lack
a protective cover of vegetation and a skin of surface water to bind the grains
together. Conditions favoring the formation of aeolian deposits were, however,
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more widespread in the present temperate zones during and immediately after the
Great Ice Age, which ended approximately 10000 years ago. For example,
lowered sea levels at certain times left broad stretches of beach sand exposed to
wind action, and assisted the formation of sand dunes along many British coasts.
In other regions that were free, or freed, of ice and temporarily devoid of plants,
the deposits left by the retreating ice, together with other soils, provided sour@es
of loess.

5.2.2.3 Erosion and Deposition by Ice

Erosion by ice, and deposition of superficial deposits from: r0CgSSes
limited geographically at the present day to arctic regions and
mountains. There are two important ways by which movigg ice can er

a- It adheres to rock surfaces, and if a block can be
fractures in the rock, the moving ice plucks it from the
outcrop is on the downstream side of a rocky obst@iction. Phe blocks, which are
incorporated into the base of the glacier, are @sualli 1eSgthan 1 m across, but there

are cases where plucking has detached great es edrock sufficiently large
to appear to be still in place, until deeper b ed boulder clay below them.
Plucking by ice does not always deta but may simply open up minor

fractures near the surface.
b- The rock fragments e ed ;)ase of the glacier become cutting tools

as it grinds forwards. T ey ches on the solid rock surface called glacial
striae (or striations) : d may polish parts of the bedrock surface to a
high glaze. Any minor préjection of solid rock in the ice’s path is ground away,
and larger obstructions bec8me streamlined in the direction of ice flow. In the
process, the rocjgliraggents themselves become abraded, and part is eventually
wder, consisting of unweathered minerals. Deposition from

d; glaciers suffer no appreciable wastage and can add to their
( In these areas of glacial erosion, the cover of drift left when the
elts is thin and consists mainly of glacial sands, gravels and layered clays.
A weraltltudes a glacier is burdened increasingly with moraine, yet, as the ice

was t is less able to transport it. Most #ill is deposited from the bottom of the
heet while it is still flowing. The movement sometimes moulds the till into
&b Camlined low hills called drumlins. The composition of the till is determined

y the nature of the rocks cropping out up stream from where it was deposited.
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g

Fig. (5.4). A glaciated rock surface whigh h smoothed and
a

Moulded into a streamline ce. The superficial
scratches on the rock surfacdare 1al striae. The deeper,
more prominent, crackga ch the rock is broken are
small joints.

S

ve, There are other problems related to civil engineering
plated to groundwater level which represent a serious problems
ngineer during construction large structures such as dams,
r@servoirs, turnels, and foundations. Besides, the geologic structures affect the
le of ghe groundwater table.

tunnel driven through syncline, with the presence of groundwater, the
g1 seepage will be towards the tunnel, and water may accumulate in the tunnel.
, if a tunnel is driven through an anticline, the water seepage will be outside
he tunnel. Hence for tunnels constructed in water-bearing layers below
groundwater table, it requires some remedies such as grouting with cements or
lowering water table by pumping. Using the type of remedy method depends on
the porosity, permeability, applied pressure and finally the presence of joints and
their orientations especially in calcareous rocks such as limestone. That is because
these joints become soluble channels or caves.

5.2.3 Groundwater
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Karst Formation

karst 1s a unique geomorphic landscape is formed by dissolution of soluble
rocks. In most areas the development of landforms is a result of mechanical
erosion and tectonic uplift. In karst areas mechanical erosion plays a much smaléer
role and it is the dissolution of soluble rocks- primarily carbonate rocks such
limestone and dolomite but in restricted areas also gypsum, anhydrite, and yck
salt- that is the most important agent of erosion. Karst develops by djssol
soluble rocks with a resulting land surface characterized by sinks”@r sin

yet complete. The areas where karst is best developed hav@carbonate rocks and
an ample supply of CO> and water. The result is that1fRari miarid regions
karst is uncommon.
The formation of caves and caverns in the sghsurfac® is the result of the
movement of acidic waters through the carfnaté
the bedrock. The source of water is either grou

ppercolating downward into

bedrock or surface water carried into the A round drainage systems by
streams that enter the system, often in Qg0 disappearing streams. Sulfuric
acid produced in the subsurface ap rmed caverns and associated caves.
The acid was produced by the mix »S that had moved into the area with
the groundwater. The acid¢disggl limestone and the material were carried
away in solution. @

Sinkholes Formation

L i : )
downward movement of unconsolidated materials into

pstone opening naturally affect the surface of the land and
ghape sinkholes at the land surface. Thus, the subsidence of part
surface when sinkhole occurs in an urbanized area, considerable
rty glamage results. Human-made structures collapse, sewer lines are
, and underground utility lines (gas, pipelines, electric cables, telephones

ptu
Q, etc.) are left hanging or are severed. Figure (5.5) shows geologic cross-
& cetions stages for the formation of a sinkhole.
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b- Geologic cross section

O

C- Geologic cross section of sinkhole area immediately before collapse.

Ground surface

Incipient sinkhole walls .

Water iab

sinkhole

Water table Water*surfa&

Ground surface

inkhole immediately after sinkhole was formed.

® \¢ Incipient sinkhole walls .
r tab

Dddl‘OCIKI | [ | [ [

Fig. (5.5). Sinkhole formation.
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5.2.4 Effect of Geological Structures on Engineering Projects

All rock masses suffer from several defects or discontinuities which could be
in genesis (origin) or after being deposited. Besides, these defects may be of
macroscale or microscale. Macroscale due to the forces acting within the easth
(epirogenic, continental building movements or orogenic, mountain buildi
movements). Microscale is the property of the rock substance.

Defects in rocks may be grouped as follows:

1- Fractures, cracks. (b
2- Fissures.

3- Bedding planes, lamination, schistosity, partings.
4- Stratifications.

5- Joints.

6- Fault planes and zones, crushed zones.

7- Folds.

8- Voids.

9- Cavities and karst. L

10- Seams and interbeds of weak and plasticalgunSgable rocks, aquifers, clays
and shales.

11- Ancient slip planes and other possi ess.

All the above defects affec %y properties of rocks and hence the
construction of the enginggri jcCte” In the next sections we will discuss the
effects of joints, faulty an8yfo anes and zones of weakness in rocks are
classified as existinga tial ones. Thus, the main types of fractures are
joints and faults.

5.2.4.1 Effect ofgJointson Engineering Projects

Wheérag pnient, usually of a few centimeters, of the broken rock has taken
e at righg afgles to the plane of fracture (Fig. 5.6), it produces a tension
ure. More commonly, at depths where tension is only relative and where
aregprittle or semi-ductile, failure takes place along shear fractures. Minor
in rocks, both tensional and shear, are called joints.

&‘ he presence of faults and joints is important to nearly all fields of economic

ogy. Joints, if frequent, have a considerable effect on the bulk properties of a

ock mass. There is more difference in mechanical properties between a massive
granite and a well jointed granite than between a massive granite and a massive
gabbro. Joints affect the strength and stability of the rock mass, and the voids
associated with their presence allow increased circulation of ground water through
them. This may be relevant in water supply, in drainage of a deep excavation or
in leakage through the sides or floor of a reservoir. Faults have similar effects on
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rocks, but are concentrated zones of weakness and of percolation, which may
receive local remedial treatment in engineering works. Analysis of the geometry
of fractures is advisable in most construction projects, for example: where
excavation can take advantage of planes of weakness; where rock bolts or other

strengthening devices can be placed and orientated to be most effective; where
design of major structures, such as dams, should be modified to avoid placing she
maximum stress parallel to a plane of weakness; or where grouting has to be do

to seal fractures against leakage. This latter is best achieved by drilling I\%\

perpendicular to the fractures.

Fig. (5.6). Layers san,stone and conglomerate cut by small faults
and joints (sory& of which are small shears) similar, apart from

maghitude of displacement, to the faults.
®

Joints sy ave attracted the attention of builders ever since rock was used
ngineering’ structures as a structure-supporting material. In underground
ings, joints affect the extent to which their sides, walls, and roof must be
e® Joints respond to explosions, applied static and dynamic loads and
of water. Because joints are one of the major causes of excessive
break of rock excavations and because joints constitute potential rock-slide

azards in unlined, undercut rock formations, and create water trouble in rock

excavations, jointing always deserves careful attention and careful exploration.
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5.2.4.2 Effect of Faults on Engineering Projects

Faults are fractures along which there has been some displacement. Faults are
named and classified according to inclination of the fault plane and by the

direction and relative movements of the rocks along the fault plane. Faults may

be: °

1- Active or live faults: Those are along which movement has occurr

sporadically during historical time. Earthquakes are caused by movement alghg

active faults.

vem

2- Inactive or passive or dead faults: Those are in which no
occurred during historical time.

A fault sets in where the continuity of rock (or soil) Jayers is intepfupted by
failure in shear of the rock due to compressive forces,wh8 the rock is strained
past the breaking point and yield along a crack ' cracks, so that
corresponding points on the two sides become distantly offset (Fig.5.7). One side

of the so-sheared rock mass may rise or sink, or mggg laterally with respect to the
other, depending on the nature of disturbanc®.

Q\ Ground surface
N\
m— -

a- Failure in shear b, t across a waterway c- A utility line across a fault

< G.S.

\ 4

. X
@ AX'bridge pier over a fault e- A dam built across a fault

Fig. (5.7). Structures across faults.
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Faults may be vertical, horizontal, or in the direction of dip (dip slip fault), or
in the direction of strike (strike slip fault).

Generally faults may be classified as:
1- Normal faults: When the hanging wall (H.W) side appear to have moved
relatively downwards with respect to the adjoining foot wall (F.W) side.
Usually the dip of fault plane more than 45° (Fig. 5.8). °

Fig.(5.8). A normal fault. ®

downwards with respect to the adjoining hafgindgyal\JThe H.W appears to have

2- Reverse faults: When the foot wall side ap to have moved relatively
risen and the dip of fault plane is usually less & 12.5.9).

Fig.(5.9). A reverse fault.

engineering structures, careful studies must be done.

For1mMipo i
1-If a bridge Ea dation is put over a fault (Fig.5.10), there is a chance of sinking
the bridge pier due to superstructure load.

QO

ne

Fig. (5.10). A bridge foundation is over a fault.
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2- Similarly, if a masonry dam is put on a faulted zone (Fig. 5.11), there is a
chance of danger due to structure as sliding might take place due to the resultant
force (R). In such cases, foundation bed is improved by grouting.

N A Y
Fault Zon& Fault Zone% y (b&

(a) (b)

From above Figure (5.11), it is obvious that the loc
dangerous in case (a) as the resultant force is in same
zone. ®
3- In seismic regions, faults give rise to an addgon@hrisks and problems, namely
when built across faults, and structures tunnels, dams, bridges and
pipelines may experience. Hence, in ge ical engineering, faults constitute an

undesirable hazard in working in rogks"

rojects

Folds have a gr ngineering structures, thus in the construction
of any project we must
position, how these rocks are distributed over, and
is, their structure); the frequency and orientation of joints in
of rock and the location of any faults. Besides, knowing the
| their rock type, porous or nonporous-pervious or impervious,
because the presence of such structures and rocks will affect the
am, reservoir, and tunnel).
th%construction a dam and reservoir on syncline rock layers (Fig. 5.12a),
AR f these layers is sandstone which is porous and permeable rocks, in this
a‘seepage of water may occur through this porous layer and consequently the
darh may be subjected to subsidence.
If the dam and reservoir are constructed on an anticline rock layers (Fig.
5.12b), in this case, the seepage of water through such layer will not affect the

dam site as the water seepage will be outside.
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ttt+++++Htt A (b&

+++++++

a- The presence of pervious layer in syncline layers.

®
Reservoir
++++++++
N
b- The pre s layer in an anticline layers.
Fig. (5.12). A dam ¢ ucted on a syncline and an anticline rock layers.

If the t of a tunnel is traced normal to the strike under an anticline or

symcline of ded rock system, there is variation in rock pressure (P) on the

t | from above rock masses. For a tunnel driven through syncline (Fig. 5.13),

lafgrook pressures are imparted in the middle part of the tunnel, while the

i pressures at both ends of the tunnel. Thus, the water seepage will be

rds the tunnel, and water may accumulate in the tunnel. Hence, the large

&pressures in the rock strata transmitted to the tunnel may complicate the driving

and construction of the tunnel technically as well as economically. Also, large
quantities of water may accumulate in syncline.
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Tunnel \/

(a) A tunnel driven in a syncline la&e@
Rock layers < E
5@011 /I—\

Min. Pressn}re Max. Pressure  Min. Pres*ure

(b) A croﬁo‘ (c) Pressure distribution in the tunnel.

Fig. (5.13). A tunnel driven in a syncline.

o
a tunnel is driven through an anticline (Fig. 5.14), notice the arching effect
e convexly curved rock stratification on the magnitude of pressure at the ends
&(basis) of the arch at both ends and at the middle of the tunnel. Hence, the
maximum pressures are concentrated in the both ends of the tunnel while the
minimum pressures at the middle of the tunnel. Thus, the water seepage will be
outside the tunnel.

112



Building & Construction Engineering Department

Engineering Geology (2) (Applications)
University of Technology

Prof. Dr. Hussein Hameed Karim

a- A tunnel driven in an anticline layers. °

Rock layers

min Pax

m ferces acting tangentially to the earth surface (Fig. 12.15).
a wide variety of shapes. An upwarped segment of earth

£ > < l
L — -~ ] |
1
I 1
<= -7 ] :
N~ __— 7 1
(b) Buckling of columns

(a) Folding of a rock strata

Fig. (5.15). Formation of folds.
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In geotechnical engineering, the synclines may cause problems of water
accumulation. Also, rock folding is usually accompanied by fissures in anticlines
and synclines. Along the crest of anticlines, tension cracks are usually formed
where rock strata are under tension. In synclines, the lower rock strata are under

tension, hence the cracks at the bottom (Fig. 5.16). @

L
\V/ V. b‘
— D
(a) Cracks in a syncline @& anticline

Fig. (5. 16). Cracks in .

Az

L
N2

Y

,&Q
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5.3 Volcanoes

5.3.1 Introduction
Successive eruptions from a central vent result in a mountainous accumulation
of material known as a velcano. When fluid lava leaves a conduit, it is often stored
in the crater until it overflows. However, lava does not always issue from a cenggal
crater. Sometimes it is easier for the magma or escaping gases to push throug
fissures on the volcanoe’s flanks. The eruptive history of each volcano is uni \,
consequently, all volcanoes are somewhat different in form an%
i t

Many people assume that lava is the principal hazard presente cano
Actually, lava generally is not life-threatening. Most lava flows advari@at speed
of only a few kilometers an hour or less, so one can e the advancing lava
readily even on foot. The lava will, of course, destr n{Pproperty over

way to protect
lcano. Throughout

may simply not expect the volcano to erupt agai

Also, soil formed from the weathering of vafani§gock may be very fertile.

Most volcanic activity is concentrat r plate boundaries. Volcanoes differ
in eruptive style in the kinds of dangers resent. The theory of plate tectonics
holds that the outer rigid lithosp sts of about twenty rigid segments

called plates. Of these, the largeStgs t acific plate. The lithosphere overlies a
zone of much weaker an terematffial known as the asthenoshpere. One of the
thiCory is that each plate moves as a distinct unit
lates move, the distance between any two places
is continually changing as §€y are located on different plates. Since each plate
moves as a distip@® unit, all major interactions between plates occur along plates

boundarigs N/). Thus, most of the earths seismic activity, volcanism, and
mount g gccur along these dynamic margins. For some time now,
tectonic ac as been known to be restricted to narrow zones, such as the so-

ire that encircles the Pacific. Thus, the first approximations of
margins relied on the distribution of earthquakes and volcanic activity.
terms of their activity, volcanoes are divided into three categories; active;
t, "or sleeping"; and extinct, "or dead". A volcano is generally considered
etive if it has erupted within recent history. When the volcano has not erupted
ecently but is fresh-looking and not too eroded or worn down, it is regarded as
dormant: inactive for the present but with the potential to become active again.
Historically, a volcano that has no recent eruptive history and appears very much
eroded has been considered extinct, or very unlikely to erupt again.
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Fig. (5.17). Location and boundaries of the major litho ic plates of the
Earth, showing relative motion by meansof ar . ®

5.3.2 Prediction Volcanic Activity X
Volcanologists can detect the early sighg'thaf 4 volcano may erupt in the near

future, but they cannot predict the exadgt or type of eruption. The first step
%0 -
0

in predicting volcanic eruptions is , keeping an instrumental eye on the

ate 00 active volcanoes in the world. What
sorifye a volcano?

wdbhing of volcanic activity is seismic activity

volcano. There are an esti
do scientists look for wh

I- One common adva

(earthquakes).
2- The rising of a @olume of magma and gas up through the lithosphere beneath a
volcano p on e rocks of the lithosphere, and the process may produce

ip@icates esence of a rising magma mass, the buildup of gas pressure, or

bagHt.

&r/ﬂossible predictors of volcanic eruptions are being evaluated. Changes
e’mix of gases coming out of a volcano may give clues to impending
tions; SO; content of the escaping gas shows promise as a precursor, perhaps

ecause more SO; can escape as magma nears the surface.

5- Surveys of surface temperatures may reveal especially warm areas where

magma is particularly close to the surface and about to break through.

6- Magnetic measurements over the area of volcano, especially as the temperature
of magma increases above Curie point it losses its magnetism.
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7- As with earthquakes, there have been reports that volcanic eruptions have been
sensed by animals, which have behaved strangely for some hours or days before
the event. Perhaps animals are sensitive to some changes in the earth that scientists
have not thought to measure.

8- The knowledge of a volcano’s eruptive history allows anticipation of the
general nature of eruptions and of the likelihood of renewed activity in the y@ar
future.

5.3.3 Reduction of Hazards Related to Volcanoes

Where it is not practical to arrest the lava flow alto
succeeded such as:

1- It may be possible to divert the lava flow from gmarea in’which a great deal of
damage may be done to an area where less V4l pryperty is at risk.
2- Sometimes, the motion of a lava is slo %& rarily during an eruption
because the volcano’s output has lessened alse the flow has encountered a
natural or artificial barrier.

3- The magma contained within t

days, weeks, or sometimes mo
explosives, the remainin i

st of the flow remains molten for
ole is then punched in this crust by
inside can flow out and away. Careful
the flow in a chosen direction.
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5.4 Earthquakes

5.4.1 Introduction
The global distribution patterns of earthquakes and their depths of origin were
known before ideas on plate tectonics were formulated. Earthquake activity
patterns were determined by seismology studies, and major earthquake zones w
identified around the Pacific Ocean, along the Alpine-Himalayan belt, on 1%\«
t
7)

ocean ridges, at trenches and in young fold mountain belts. A seismigity

energy in the lighfosphere which dramatically demonstrate that the earth is a
i I stem. Earthquakes occur along active faults and sometimes,

ppens, and from which waves are transmitted in all directions, is called the
s. This energy radiates in all directions form its source, the focus or

struck, vibrating the air around it. The focus or hypocenter represents the point on

Q&hypocenwr, in the form of waves analogous to those produced when a bell is

the fault at which the first movement or break occurs during an earthquake. Most
earthquakes are with focal depths between 70-700 km. The position on the earth’s
surface directly above (vertically) the focus is called the epicenter. Earthquakes
are subdivided according to its focal depth into two types:
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a- Shallow-Focus Earthquakes: These have focal depths below 100 km. They
are concentrated at ocean ridges and transform faults, and occur at depths of less
than 30 km.
b- Deep-Focus Earthquakes: These have focal depths above 100 km. Deep
earthquakes occur in zones beneath the oceanic trenches, with the foci locatedvat
varying depths along the subduction zone, which extends downwards to depths
more than 250 km. The deepest earthquakes have been recorded from achiye
island-arc systems.

Also, earthquakes are classified into:
1- Natural Earthquakes: Those are occurred naturally and su

a- Earthquakes resulted from volcanic eruptions.

b- Earthquakes resulted from movements in the garth crust, Y¥xcluding

slides and faulting.
2- Artificial Earthquakes: They are resulted from flufinj€ction in oil wells
which might release all the stresses at once regglting 14 a major damaging
earthquake. One of the dangerous earthqudkes e resulted from nuclear
explosions beneath earth surface and at the the oceans. Besides, the
microearthquakes resulted from the arti aRes of dams. Other sources of
artificial ground vibrations include:
a- Machine foundation vibrations
b- Vibrations resulted from tra 1% €s movement).
c- Vibrations resulted frgm i ch as buildings destruction, ram works,
compaction, pilings an S).

5.4.2 What Mechanism Do€s Produce a Destructive Earthquake?

i.sts that the earth is not a static planet. Numerous ancient
can be found many meters above the level of the highest tides,
stal uplifting of comparable magnitude. Other regions exhibits
idence of extensive subsidence. In addition to these vertical displacements,
ts 1@ fence lines, roads, and other structures indicate that horizontal
velpents are frequently associated with large fractures in the earth called faults.
ugh most of the displacement along the fracture occurred in this rather short

AN,

10d , additional movements and adjustments in the rocks occurred for several
ays following the main quake. The adjustments that follow a major earthquake
often generate smaller earthquakes called aftershocks. Although these
aftershocks are usually much weaker than the main earthquake, they can
sometimes cause significant destruction to already badly weakened structures. In
addition, small earthquake called foreshocks often precede a major earthquake by
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days or in some cases by as such as several years. Monitoring of these foreshocks
has been used as a means of predicting forthcoming major earthquakes.

Magnitude of an Earthquake

The magnitude (M) of an earthquake is a measure of the size of an earthquake,
based on the amplitude of elastic waves it generates. Thus, the magnitude of
earthquake is a measure of the energy generated at its focus. A scale of magni A«
is a way of classifying earthquakes according to their potential destrugtiv

can produce an earthquake, but these events are usually weak a
Early attempts to establish the intensity of earthquakes relicdgheavily on
subjective descriptions. Many factors , including distanc i
of surface materials, and building design, cause vagiati
damage. Consequently, methods were devised to d '
energy released during an earthquake, a measurement ref@gred {0 as magnitude.
Ideally, the magnitude of an earthquake wgild be #etermined from the
amount of material which slides along the ®¥au distance is displaced .
There is more than one specific definition of nitgde, and more than one scale
of magnitude in international use. The R% gnitude Scale is commonly

in the amount of
otal amount of

used scale to describe earthquake magna ists of nine degrees. The Richter
scale is logarithmic, which means that rthquake of magnitude 4 causes ten
times as much ground moveme % magnitude 3, one hundred times as
much as one of magnitudg(2, and 7 Magnitudes greater than 8 are rare and
special events, and they wotlid u be perceptible to people more than 600 km
akes with magnitudes greater than 5.5 on the

motion of the ggdund gf such a recording station may be either compressional,
with the £ s otion away from the source, or dilational, with the first
ground

I sitygof an Earthquake

Q alternative way of describing the size of an earthquake by the earthquake’s
&z ensity which measures its destructiveness. Earthquake intensity is a measure
of the earthquake’s effect on humans and on surface features. It is not a unique
characteristic of an earthquake, nor is it defined on a precise quantitative basis.
The surface effects produced by an earthquake of a given magnitude vary
considerably as a result of such factors as local geologic conditions, quality of
construction, and distance from the epicenter. A single earthquake, then, can
produce effects of many different intensities in different places, although it will
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have only one magnitude assigned to it. Thus, earthquake intensity is a measure
of the amplitude of ground vibration af one locality. 1t is related to the square of
the distance of the locality from the epicenter and to the amount of damping of
the seismic waves produced by geological conditions along their path to the
locality. The most widely applied intensity scale is the Modified Mercalli Scale
which is divided into 12 degrees of intensity. The commonest sources of shallew
earthquakes are active faults, and many epicenters are located close to the outcr
of a fault.

For example, the San Francisco earthquake of 1906 was accompa

an earthquake. From first motion studies a seis
orientation of faults and the slip directions of earthquake

5.4.3 Destruction Caused by Seismic Vibitio

ground shaking associated with the pasgdeagtiie seismic waves generated by the
carthquake. As the energy releaseﬁ; arthquake travels along the earth’s
h

Nearly all of the structural damage doa earthquake is a result of the

surface, it causes the ground to complex manner by moving up and
down as well as from sidg(to s mount of structural damage attributable
ctors, including:

2- The predominant period @nd frequency of the vibrations.
3- The maximunglampliude and acceleration of motion.
aterial upon which the structure rests.

Thus, structures are affected by both vertical and horizontal components of the
d agceleration. The nature of the ground material on which the structures
substantially affect the amplitude of the resulting ground vibrations.

uilding, the amplitude of the building’s shaking can be increased by resonance.
Finally, it is clear that another important parameter in determining the amount of
structural damage 1s simply the time-duration of the shaking due to the passing
waves; this time can vary from only a few seconds to three or four minutes in
severe earthquakes.
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Designing "earthquake-resistant" buildings is a greater challenge and is a
relatively new idea that has developed mainly in the last few decades. Engineers
have studied how well different types of building have withstood real earthquakes.
Scientists can conduct laboratory experiments on scale models of buildings
subjecting them-scale shaking designed to simulate the kinds of ground
movement to be expected during an earthquake. It is also important to consi@er
not only how structures are built, but what they are built on. Buildings built
solid rock (bedrock) seem to suffer far less damage than those built on deep

The duration of an earthquake also affects how well a buildi
reinforced concrete, ground shaking leads to the formation of crac
widen and develop further as long as shaking continues. A concrete buding that

the main shock lasts three minutes.
Thus in-situ seismological recordings include the fol

1- Studying the in-situ seismological activity.

2- Studying the vibrating nature of building®

3- Studying the vibrating properties of soil ir S.

5.4.4 Prediction of Earthquakes C\c
Prediction of seismic risk ca b%‘ cd from general theory and from past
r

records of an area. It is yged g and for laying down building codes.
Prediction of a specific, de hquake is of greatest value only if it allows
evacuation of a threate deployment of emergency services a few days
before the event. Predicti
cases since 1973, and the Chinese claim to have successfully evacuated one of
their towns in 18¥5. Ag elastic strain builds up within rocks close to the focus,

1¢ SWen®as decades, minute cracks in the rocks (microfractures) open
hysical properties. This dilatancy of the rocks increases their

i re seems reasonable that earthquakes may be predicted by continually
toring ground tilt, fault movement, and seismic activity .Some monitoring
& Stworks are already operating in the earthquake-prone regions. Small quantities
of the gas radon (generated by radioactive decay of radium), trapped in some
rocks, are released and can be detected by analysis of well water. The velocity of
seismic waves changes, and Vp/ Vs decreases by about 20%. This change can be
monitored by local seismic surveys at daily intervals. A day or two before the

earthquake, the seismic velocities revert to normal as water seeps into the
microfractures. The fluid pressure within the voids of the rock (pore pressure) is
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increased, and by reducing effective pressures allows movement along the
fault to take place. The relationship between pore pressure and earthquakes was
first observed when disposal of fluid toxic waste down a deep boring which
traversed an active fault accidentally triggered off weak shocks. Control of the

potentially destructive San Andreas Fault in California has been proposed by
using this triggering mechanism to release as a series of weak, predictable shoeks

the enormous elastic strain energy that is already stored. Each stage of t
programme would require three boreholes, each about 5 km deep and space g\«
km apart along a segment of the fault. Water would be pumped fr t
holes to lock these points on the fault, and would then be injected j

t
he

—
w2

millions of dollars for 500 boreholes, plus a less
subsequent civil

damages suits. As in many imaginative engineerin
difficulties as well as economic ones.

i

instruments, but may be powerful eno se annoyance or alarm to people
and to damage buildings. Seismic ri round movements must be foreseen,
understood and dealt with in pla esign. Regions of high seismicity are
often covered by buildin in terms of earthquake parameters, and
even in countries of JowNgeisMicity, such as Britain, the probability of an
earthquake of given ing within so many years must be considered in
siting potentially danger
Information about seismicit¥y and seismic risk is obtainable by referring to the
Global Seismol Unt of the BGS in Edinburgh. A catalogue of earthquakes

[ d over the previous year is produced by the International
@entre, Newbury, Berkshire. Older catalogues based on

5.4.5 Seismic Risk and Problems for the Ffh r
An earthquake may be of very sma@ude and only detectable by
t

o

Phe historical records have sometimes needed interpretation. For
le,ghe area affected by one earthquake in Scotland at the beginning of the
ury can be surmised from the records of Aberdeen. The town council

ed to enforce a ban on playing golf on the Sabbath shortly after the shock!

Sfsmic activity must be considered when certain engineering structures,
articularly dams, are designed. Dams in earthquake zones will be designed with
a capacity for resistance to the dynamic forces that can be applied during an
earthquake. Before construction begins, past seismological records of the dam site
or nearby areas should be checked and major fault lines located. An

instrumentation programme should be initiated on the actual site as soon as its
location has been determined, particularly with regard to long-term seismic
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monitoring. The type of ground movements likely to occur should be predicted,
and whether any earthquakes that may occur are likely to be of shallow depth,
such as by slip along a fault plane, or of deep focus. Structural damage is likely
to result from ground displacement, acceleration at low seismic frequencies and

velocity from blast vibrations. Ambraseys and Sarma (1967) considered many of

these factors in dam design. Earthquakes may cause damage in unconsolidated

deposits. Filled ground may consolidate drastically, and studies have been ma,

about the possibility of liguefaction development, either in the saturatedAgill

material of an earth dam or rockfill dam or in the foundation materjal.

rockfill dams may fail in several ways during an earthquake. Circulatf§hear f;
or rotational failure of the embankment, and planar base
embankment-foundation interface are the three main types. Concr ams may
be subjected to failure by either the second or third
important sources of small local tremors are created b
impounding of great masses of water in very large resCigQi
and spasmodic settlement under the new load. More impertantly, the extraction
of coal causes collapse of the strata above the seamginto the Afbandoned workings,
and often produces small seismic foci. Ifistedh of\broad gentle subsidence,
slippage may occur locally along a fault, with"@ch y movement producing a
small shock. Contemporaneously, rock b@rsts explode from any massive
rocks in the passageways as they collapSe, Wgth¥each burst acting as the focus of
a minor shock. There is disagree e details of the mechanism linking
seismicity with abandoned wo thus about the legal liability for

damages associated with ghe lar cases, although a genera correlation
has been demonstrated in ne area.

uman agency. The
esult in uneven

t

5.4.6 Seismological Stu and Building Designs
The energ relgased by an earthquakes through seismic waves causes

ymes complete failure of buildings, with the surface waves-
urface waves- responsible for most of this damage. Shifts of

erials such as adobe or inadequately reinforced concrete, and as
shalgng gontinues, damage may become progressively worse. To avoid such
proper designs of earthquake-resistant structures (buildings, bridges,

%ams) must be taken into consideration. The proper designs of such structures
& that their frequency must be not equal to that of the usual earthquake
occurred in the site of construction. If the frequency of the seismic waves is close

to the natural oscillation frequency of a building, the amplitude of the building’s
shaking can be increased by resonance. The required average frequency indicates

that the natural frequency of one-story building is about 5-15 Hz, while for thirty-
stories steel frame building is about 1/3 Hz. If the time-duration of the structure

1s equal to that of the ground, upon which the structure rests, a resonance will
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occur during an earthquake and structures cracked. But, if the time-duration of the
structure, ground and an earthquake are equal, a serious damage is occurred and
structures destroyed.

To evaluate earthquake- resistant buildings, the following information must be
known:

1- The time-duration of the predominant earthquakes in the area of the struct@ére
site.

2- The natural vibration of the ground upon which the structure rests. 0

3- The natural vibration of the structure.

>
&%

< -
.&Q
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REVIEW QUESTIONS

5.1 Distinguish among fall, slide, and flow.

5.2 What is controlling force of wasting? What other factors are important? @ @
5.3 Why can rock avalanches move such great speeds? 0

5.4 What factors lead to the massive rockslides?
5.5 Compare and contrast between mudflow and earthflow.

5.6 Describe the mechanism that leads to the slow downsl mO\‘ement called
creep.

5.7 What is an earthquake? Under what circumstapges do edfthquakes occur?

®
5.8 Distinguish between earthquake focus and’@giccer.

5.9 List three factors that affect the % destruction caused by seismic

vibrations. CT
5.10 Distinguish between ghe MerdallivwCale and Richter scale.

5.11 How might eart ntrolled in the future?

5.12 What mechanism doesproduce a destructive earthquake?

9
5.13 Shoyf the@tfcegs, of the following structures on engineering projects:
aults ; c- Joints

4 Show th¢’relation between earthquakes and volcanoes.

6 at do scientists look for when monitoring a volcano?
%6 For a dam constructed on a syncline and an anticline rock layers, show the
effect for both cases.

5.17 For a tunnel constructed in a syncline and an anticline rock layers, show
the effect for both cases.

5.18 Explain the formation of karsts and sinkholes.
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