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Read the following passage (A) carefully and answer the 7 questions,

o

Passage A:

Seismic behaviour of.soil-structure systems

The importance of the nature of the sub-soil for the seismic response of
structures has been demonstrated in many earthquakes, but a reasonable
understanding of the factors involved has only recently begun to emerge. '
For example it seems clear from studies of recent earthquakes that the rela- -
tionship between the periods of vibration of structures and the period of
the supporting soil 5 profoundly important regarding the seismic response
of the structure. In the case of the 1970 earthquake at Gediz, Turkey, part
of a factory was demolished in a town 135km from the epicentre while
no other buildings in the town were damaged. Subsequent investigations
revealed that the fundamental period of vibration of the factory was approxi-
mately equal to that of the underlying soil. Further evidence of the impor-
tance of periods of vibration was derived from the medium sized earthquake
of Caracas i1 1967 which completely destroyed four buildings and caused
extensive damage to many others. The pattern of structural damage has been
directly related to the depth of soft alluvium overlying the bedrock.*® Exten-
sive damage to medium-rise buildings (5-9 storeys) was reported in areas
where depth to bedrock was less than 100 m while in areas where the allu-
vium thickness exceeded 150 m the damage was greater in taller buildings
(over 14 storeys). The depth of alluvium is of course directly related to the
periods of vibration of the soil. Considering shear waves travelling vertically
through a soil layer of depth H, the periods of horizontal vibration of the
soil are given by

4H

T, = —
" 2n = 1y,

where n 15 an integer, 1,2.3..., and v, 1s the velocity of the shear wave.

In order to evaluate the seismic response of a structure at a given site,
the dynamic properties of the combined soil-structure systern must be under-
stood. The nature of the sub-soil may influence the response of the structure .
in three ways.

(1) The phenomenon of soil amplification may occur, in which the seis-
mic excitation at -bedrock is modified during transmission through
the overlying soils to the foundation. This may cause attenuation
or amplification efiects.

(11) The fixed base dynamic properties of the structure may be signifi-
cantly modified by the presence of soils overlying bedrock. This
will 1nclude changes in the mode shapes and periods of vibration.

(i) A significant part of the- vibrational energy of the flexibly supported
structure may be dissipated by material damping and radiation
damping in the supporting medium.
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Items (1) and (ii]) above are.investigated under the general title of soil-
structure interaction which may be defined as the interdependent response
relationship between a structure and its supporting soil. The behaviour of
the structure i1s dependent in part vpon the nature of the supporting soil
and similarly the behaviour of the stratum 1s modified by the presence of
‘the structure,

It follows that soil amplification (item (1) above) will also be influenced
by the presence of the structure, as the effect of soil-structure interaction
1s to produce a difference between the motion at the base of the structure
and the free-field motion which would have occurred at the same point m
the absence of the structure. In practice however, this refinement in determin-
ing the soil amplification is seldom taken into account, the free-field motion
generally being that which is applied to the soil-structure model as discussed
in the following section. Because of the difficulties involved in making dyna-
mic analytical models of soil systems, it has been common practice to 1gnore
soil-structure interaction effects simply treating structures as if rigidly based _
regardless of the soil conditions. However intensive study in recent years
has produced considerable advances in our knowledge of soil-structure inter- -
action effects and also in the analytical techniques available, as discussed
below.

During the Gediz earthquake, part of a factory was demolished because of:
1) soft alluvium 2) vertical vibration

k-

3) horizontal vibration = 4) resonance phenomenon

What is the predominate perlod (in second) of a clay soil layer at 20 m depth with a velocity of
the shear wave equal 200 m/s?

1} 0.1 2)0.2 3)0.4 4) 0.6
What is the opposite of amplification? |
1} vibration 2) excitation 3} attenuation 4) signification
The word refinement means: The act of -
1) beating 2) washing 3) purifying 4} amplifying
The word damping means: |
alei® 5 (F S Mgzl (¥ e ¢ e ()

According to the passage A, in the 2 following sentences choose the appropnate word for the
blanks.

Ideally the earthquake motion should be applied at -——--—-— to the complete soil-Structure
system. _

1) bedrock 2) surface 3} top of building ~ 4) soil layer

There are great uncertainties in defining a design ground motion which not only represents
the nature of --—-—- — shaking appropriate for the site, but also represents a suitable level of
risk.

1) soil 2) building 3) vibration 4) earthquake
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" Read the following passage (B) and answer the 8 following questions.

Pass.age B:

Reaching for the Sky

The world’s tallest building 1s scheduled 10 open soon and has a profile unlike that of
any previous skyscraper—-a tapered base topped by a series of flared segnients. The great
height—3508 m—and unigue shape of the building posed a series of challenges for the
engineers who developed its structural scheme and had to devise a way to found the
skyscraper on weak geologic formations in an area known for extreme typhoons and
earthquakes. ‘

The height of the structure presented one of the greatest challenges_for engineers.
Each leve] added to a skyscraper comes at an ever-increasing cost; in effect the new story is
added at the bottom of the building since it must include sufficient structure to carry the floors
above it and include enough space to house elevator and stair extensions, plus utility risers for
mechanical, electrical, plumbing and fire protection systems. An economic limit on the
height of a building ocours when the cost of adding a Ievel exceeds the revenue it will
generate. S L ' '
The tower was conceived-as a structure encompassing 200,000 m* and surrounded at
~ the base by an area called “th¢ podium”—an additional 200,000 m? of retdil space and
" basement parking. With the floor plate sizes following general office building standards, the

office space requirement led to 101 levels.

Soft bedrock beneath the site is located about 40 to 60 m below clay and stiff colluvial
soif layers. Building such a tall structure on this soil required extensive geotechnical
sampling and investigation. The groundwater level is normally 2 m below the surface, but
engineers designed the building substructure, which is five levels deep, as if the water table
were at grade. . ' '

Shallow foundations could have led to excessive settlement or soil bearing failure, so
the engineers designed a deep foundation to transfer the building’s weight directly to bedrock.
Greater loads require larger or more numerous deep foundation elements, so the engineers

~ sought to minimize the building’s dead load. A steel frame design helped to achieve this goal.

While based on concepts of culture and beauty, the design of the building also reflects
the practical requirements of high-rise construction. Below the repetitive modules that flare
upward, the tower has a 25-story base shaped as a @_ééted pyramid that offers structural
benefits. A wide base provides better overturning resistance and lateral stiffness than a
straight shaft, if the structural system éigages the perimeter columns. The transition between
the pyramidal base and its inverted pyramidal modules above gives the building a waistli_gc of
sorts. vt

8-  From the article it can be understood that:
1) the profile of the building is straight from bottom to top.
17 the profile of the building grows narrower at cne point and then widens again.
3) the profile of the building grows narrower at one gaoint and then rises straight up.
4} the sides of the building are straight up to the 62°° level and then taper toward the ecnter.
9-  The cost of adding levels to a skyscraper:
1} decreases as the number of levels increases.
7} may be more than the revenue than an additional level would earn.
3) includes jacking up the base of the building to add levels form the bottom.
4) includes adequate structures to support the building, but not the cost of utility risers.
10- The podium of the structure: :
1) extends above the base of the building.
27 is equal in area to that of the skyscraper itself.
3) includes shopping areas but not parking facilities.
4) consists of parking areas and the bedrock foundation.
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The main reason that a steel frame design was chosen is:
1) it would minimize the dead load of the skyscraper.
2) Tt offers the most resistance to typhoon damage.
3) 1t would allow the designers to use a shallow foundation.
4} 1t would decrease the overall cost and time of construction.
A challenge for engineers was to design the building:
1) based on concepts of culture and beauty,
2) taking into consideration the extremely deep water table of the area.
3) to stand in an area with no bedrock and withstand earthquake and typhoons.
3/)/ to withstand earthquakes and typhoons despite the weak geology of the area.
The structural benefits of the shape of the building’s base:
1) are only realized if the building has a waistline,
include resistance to overturning and lateral stiffness.
3) were lessened because it does not engage the perimeter columns.
4) were a major consideration when the shape of the building was chosen.
The foundation of the skyscraper is:
1) a shallow mat foundation.
2) steel piles driven deep into the ground.
3) a series of cast-in-place concrete piles.
@/)/a deep one that transfers the load to the bedrock.
The building was designed as if the water table were:
JJ at ground level. ‘ .
2) two meters below the surface.
3) 40 to 60 meters below the surface.
4) level with the bottom of the five-story substructure.

In the S following sentences choose the appropriate word for the blanks.

Local waves with in the harbor make —-—------ difficult, if not possible.
1) sailing 2) anchoring © 3 berthing 4) anchorage
The rate of —-—----- of pavements is a function of the traffic using the road.
1) corrosion 2¥ deterioration 3) wear and tear 4} displacements
The increase in carbon content of steel --——-—- .
1) reduces its ductility 2) reduces its strength
3} increases its density 4) increases its weldability
By --———- the plate-girder web, its resistance to buckling will be increased.
Lystiffening 2) widening 3) hardening 4) stiffenering

In finite element formulation, the displacements of two elements at their juncture line must be

1) identical 2) equivalent 3) comparable 4) compatible
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