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Featured Application: This study considers the seismic response of a container crane subjected
to near-field and far-field ground motions by a shaking table test on a 1/20 scale crane model.
The results are presented focusing on the comparison of the seismic response of the container
crane in terms of the maximum internal forces in the landside and seaside legs, the maximum
portal drift, and acceleration when subjected to near-field and far-field ground motions.

Abstract: In this study, the seismic response of a container crane under near-field and far-field ground
motions was investigated using a shaking table test on a 1/20 scale crane. The 1/20 scale crane
was designed and fabricated based on the similitude laws, in which three independent quantities:
geometric length, acceleration, and elastic modulus, were used to design the 1/20 scale crane. A series
of shaking table tests were conducted at the Seismic Research and Test Center, Pusan National
University, Yangsan Campus to evaluate the seismic response of the scale crane under near-field
and far-field ground motions. The results show that the near-field ground motions can cause larger
internal forces (that is, axial force and two bending moments) in the landside and seaside legs and
larger portal drift than the far-field ground motions. The portal drift of the container crane subjected
to the near-field ground motions was 43% higher than that of the container crane subjected to the
far-field ground motions. Furthermore, when subjected to the near-field ground motion, the bending
moment in the crane’s portal leg was 37% higher than the bending moment when the crane was
subjected to the far-field ground motions.

Keywords: shaking table test; response spectrum; acceleration time history; similitude law; strain gauges;
portal drift; near-field and far-field ground motions

1. Introduction

Container cranes are special equipment widely used at seaports to transfer containers
between ships and harbors. Since they are located at the seaport where strong typhoons
and earthquakes are frequent occurrences, they have received more attention recently due
to the effect their damage or collapse would have on the economy. For example, after the
Kobe earthquake in 1995, Chang [1] showed that physical damage to the container crane
occurred within a timeframe of seconds or minutes, but the ensuing economic impacts were
prolonged by months or years. Despite having an important role in freight, the container
crane has been one of the most vulnerable pieces of equipment at harbors, as observed in
past earthquakes. It is, therefore, necessary to study the seismic response of a container
crane under earthquakes to reduce seismic damage on existing and new container cranes.
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In past studies conducted by various researchers, the two methods used to evaluate
the seismic response of a container crane are the finite element method on a prototype
container crane and the shaking table test of a scale container crane. In the finite element
method [2-6], real earthquakes or artificial earthquakes were used to analyze container
crane by time history analysis. Tran et al. [3] used 20 real earthquakes to evaluate the sensi-
tivity of parameters for the ship-to-shore container crane. In their study, the 20 earthquakes
were adjusted based on their response spectra by scaling the spectra value at the container
crane’s fundamental period to match the spectra value of an elastic response spectrum
at that period. Tran et al. [7] conducted a fragility analysis on a container crane using
10 real earthquakes and 10 artificial earthquakes, in which the response spectra of 10 real
earthquakes were matched to an elastic response spectrum, while 10 artificial earthquakes
were created from the elastic response spectrum. Then, the intensity of 20 earthquakes
(10 adjusted real earthquakes and 10 artificial earthquakes) was increased according to the
spectra value at the container crane’s fundamental period. For the shaking table test, vari-
ous authors evaluated the seismic response of a container crane by using 1/50,1/25, 1/20,
1/15,1/10, and 1/8 scale crane models [8-13]. Kosbab et al. [14] only used two earthquakes
to evaluate a container crane’s seismic response, including an uplift phenomenon. The two
earthquakes were matched to the design spectra for the port of Los Angeles and Long Beach.
Jin and Zhang [10] used four earthquakes, which comprised three real earthquakes and
one artificial earthquake, to compare a container crane’s seismic response with and without
the base isolator by utilizing a shaking table test. Due to time and economic limitations,
a shaking table test usually uses fewer input ground motions. The selection of earthquake
records used for the shaking table test is an issue of concern, affecting the seismic response
of a container crane. Besides, there is a need to discuss the scale of a prototype container
crane for the shaking table test to accurately reflect its seismic response.

To accurately reflect the seismic response of the prototype crane, a 1/20 scale crane
was designed according to the similitude law [15,16]. The similitude law allows for con-
version of the prototype crane into a lab-sized scale crane, keeping homologous dynamic
properties between the prototype and scale container crane. A number of researchers have
investigated the seismic response of a container crane by employing the shaking table test
on a scale crane model. For example, 1/20 and 1/10 scale container cranes were built to
study the seismic response of the container crane, including uplift and derailment [17];
a 1/50 scale container crane was examined to evaluate the effect of a base isolator on
the strain and acceleration amplitude under earthquakes’ load [10]. Azeloglu [12] used
shaking table test results on a 1/20 scale container crane to build a mathematical model
for the crane. Jin [8] used the similitude law to make a 1/50 scale container crane and
studied its seismic response under vertical component earthquakes using a shaking table
test. The shaking table test results on the 1/50 scale crane agreed quite well with those of
the prototype crane obtained from the finite element method. In this study, a 1/20 scale
container crane was built from a prototype container crane at Gwangyang port using the
similitude law. A series of shaking table tests were conducted at the Seismic Research and
Test Center, Pusan National University, Yangsan Campus.

Past research work on structures, such as a cable-stayed bridge [18], low-rise shear
walls [19], embankment dams [20], and concrete gravity dams [21], showed that near-field
ground motions have a more significant effect on the seismic response of the respective
structures than far-field ground motions. Grimaz and Malisan [22] showed that near-field
and far-field ground motion are different in intensity, nature, and typology and suggested
different scale factors for near-field and far-field ground motions. Pnevmatikos et al. [23,24]
studied the seismic responses of offshore platforms subjected to near-field ground mo-
tions with distinct pulses, and taking into account the pile-soil-structure interaction effects.
The offshore platforms, which were steel structures and located in a sea region, were similar
to container crane structures. The study showed that the near-field ground motions caused
more intensive structural response than the far-field ground motions. Peng et al. [25]
developed fragility curves based on a local displacement ratio and deflection ratio for
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gantry cranes subjected to near-field ground motions. They evaluated the probability
of uplift for the crane according to the earthquake’s peak ground acceleration. In this
study, one near-field, Gazli USSR Iran, and two far-field ground motions, Nahanni Canada,
and Mineral Viginia earthquakes, were matched to a Korean elastic design response spec-
trum. Then, the acceleration time history of the adjusted ground motions was applied in
the trolley-boom direction to investigate the seismic response of the scale container crane
in terms of the internal forces in the landside and seaside legs, drift of the portal frame,
and acceleration.

2. Shaking Table Test of Container Crane

This section presents details of the prototype container crane, designing the 1/20 scale
crane, and the instrumentation setup to obtain the data from the shaking table tests for
evaluating the crane’s seismic response.

2.1. Shaking Table

The shaking table test was carried out at the Seismic Research and Test Center, Pu-
san National University, Yangsan Campus. The shaking table used for this test can be
excited in three directions and has a plan dimension of 2.5 m x 2.5 m. The shaking table
can transfer a maximum acceleration of up to 10 g and frequencies from 0.1 to 60 Hz.

2.2. A 1/20 Scale Container Crane

A container crane located at Gwangyang port was employed to design a 1/20 scale
container crane. The scale factor of 1/20 was selected based on the size of the shake
table in the Seismic Research and Test Center. The basic properties of the prototype crane
include a total height of 78 m from the ground to the top of the crane, a trolley boom girder
length of 136 m, a portal beam height of 17.5 m, a crane rail span of 30.5 m, and a total
mass of approximately 1175 tons. The total mass of the prototype crane comprises the
self-mass of the crane of 885 tons and the mass of other non-structural components of
290 tons. The other non-structural components include the machinery house, drive trucks,
stairs, stowed pins, snag device, and boom hoist rope. The scale factors (see Table 1) were
calculated based on the similitude law to design the 1/20 scale crane. Three independent
quantities: geometric length, acceleration, and elastic modulus, were used as a basis to
establish the other factors. During seismic excitations, the legs of the container crane will
experience large strains due to their bending deformation caused by the inertia loads of the
crane’s frames and other components. Therefore, the container crane’s legs are the most
critical and vulnerable components of the crane structure, and their stiffness should be
given priority to satisfy when designing the 1/20 scale crane. In this study, each part of
the 1/20 scale crane’s cross-sections could not be designed according to the scale factor
for the geometric length due to the limitation of size. Therefore, they were designed using
the scale factor for the moment of inertia to meet the equivalent stiffness of the 1/20 scale
crane. The scale factors for converting the quantities from the prototype crane to the scale
crane were determined by Equation (1):

Sl:%;SE:E}Sa:é;Sm:M}St:z}SI:£ 1
e a m t 1

where S;, Sg, Sa, Sm, St, and Sy are the scale factors of geometric dimension, elastic, ac-

celeration, mass, time, and moment of inertia, respectively. It should be noted that the

uppercases in Equation (1) describe the quantities of the prototype crane, while lowercases

indicate the quantities of the scale crane.
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Table 1. Scale factors for designing the 1/20 scale crane.
Quantities Symbol Scale Factor Quantities Symbol Scale Factor
Geometric length, S 20 Mass, m Su=3S EoSlz 400
Elastic modulus, E Sk 1 Time, ¢ S =5 E.si/ 2 4.472
Acceleration, a S, 1 Moment of inertia, [ S;=S5; 160,000

The 1/20 scale crane is shown in Figure 1. The total converted mass of the scale crane
was 2939 kg. After downscaling the prototype crane’s cross-section, the self-frame mass of
the scale crane was only 235.5 kg, thus requiring the introduction of additional mass to the
scale crane [26]. Consequently, an additional mass of 2703.5 kg was attached to the scale
crane in two ways: by using steels bars, which were attached to the trolley-boom girders
and apex beam by weldings and bolts; and lead ingots, which were attached to the upper
landside and seaside legs, the lower landside and seaside legs, portal beams, and sill beams
by using steel ties to avoid influencing their stiffness. The boundary condition for the scale
container crane was modeled as pin support, which allowed the crane leg to rotate about
the y-axis (perpendicular to the trolley-boom direction) but restrained movement in both
the horizontal and vertical directions.

Landside i ‘ @ N / Seaside

= Added steel

| =

Lead ingot

Upper landside leg

Lower landside leg S5

——

(it

Figure 1. The 1/20 scale container crane.

2.3. Instrumentation

Three demand parameters: strength, displacement, and acceleration, were evaluated
in this study. Thirty-two strain gauges were installed on the scale crane’s landside and
seaside legs to determine the strength demand on the scale crane. The instrumentation plan
is shown in Figure 2. The symbol “S” indicates the location of strain gauges, “D” shows the
locations that were monitored by a camera to estimate the displacement of the scale crane,
and “A” indicates the locations of accelerometers to determine acceleration. Internal forces
due to seismic excitation were determined via strain gauges attached to the columns’ top
and bottom ends. The internal forces in the landside legs were determined at four locations
labeled S1 to S4, and that in the seaside legs were determined at four locations labeled S5
to S8. The strain gauges were attached to four sides of the column at each location, so two
moments and an axial force could be determined from three strain gauges. However, if no
strain gauges on each section were broken, the average of the estimated internal forces was
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used. The strain gauges used in this testing were type FLA-5-11 of Tokyo Sokki Kenkyujo
with a gauge length of 5 mm, gauge resistance of 120 £ 0.5 (2, and coefficient of thermal
expansion of 11 x 107%/°C. The drift of the portal frame, an essential seismic response of a
container crane, was determined at two locations, D1 and D2, using a camera. The NIKON
D5500 camera with a 50-mm lens was used in this instance. The camera was focused on
D1 and D2, where target patterns were attached to the scale container crane (see Figure 2).
Three points for recording acceleration were Al, A2, and A3. Al was the location on the
trolley-boom girder, and nearest the gravity center of the scale container crane, A2 was the
location at the intersection of the portal beam and the seaside column leg, and A3 was the
location at the intersection of the portal beam and the landside column leg. The acceleration
of three points was recorded by using the triaxial accelerometer Kistler.

€3(x3,¥3) &

i €4(X4 Ys)

Figure 2. Locations of the strain gauges, displacement, and accelerometer.

3. Input Ground Motions

This section discusses the characteristics of original input ground motions, matching
original input ground motions to the target response spectrum, alongside the process
of scaling down the matched input ground motion to make input data for the shaking
table test.

3.1. Original Input Ground Motion

To evaluate the effects of the near-field and the far-field ground motions on the
container crane’s seismic response, a near-field and two far-field ground motions were
used to make input ground motions for the shaking table test in this study. The near-field
ground motions are generally defined to be limited to areas within an epicentral distance
(EpiD) of approximately 20 km from an epicenter [20,21,27]. However, the definition
of near-field ground motions is not universal because the effect of near-field ground
motions on structures attenuates as the epicentral distance increases, so other factors,
such as magnitude and local site conditions, have a more significant effect on structures.
Furthermore, ground motions at a particular site are significantly influenced by the rupture
mechanism, slip direction relative to the site, and the site’s movement due to tectonic
movement. For structural engineers, these characteristics are difficult to recognize when
utilizing a real earthquake recorded to analyze structures’ seismic response. Therefore,
some main characteristics of the recorded earthquake, such as peak ground acceleration
(PGA), peak ground velocity (PGV), and peak ground displacement (PGD), are used to
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consider the effect of near-field and far-field ground motions. Some characteristics of
three original input ground motions, one near-field (Gazli USSR Iran earthquake) and two
far-field ground motions (Nahanni Canada and Mineral Virginia earthquakes), used in
this study are presented in Table 2. The comparison of peak values of ground acceleration,
velocity, and displacement for two far-field ground motions and one near-field ground
motion are shown in Figure 3a. For the near-field Gazli USSR Iran earthquake, PGA was
0.61 (g), PGV was 65.38 (cm/s), and PGD was 25.38 (cm). The PGA of the far-field Mineral
Virginia earthquake was 80% lower than the value of the near-field Gazli USSR Iran
earthquake, while the PGA of the far-field Nahanni Canada earthquake was 77% lower
than the value of the near-field Gazli USSR Iran earthquake. The PGV of far-field Mineral
Virginia and Nahanni Canada earthquakes was 97% and 95%, respectively, lower than the
value of the near-field Gazli USSR Iran earthquake. Both the PGD of the Mineral Virginia
and Nahanni Canada earthquakes were 96% lower than the PGD of Gazli USSR Iran
earthquake. Chopra [28] showed that the response spectrum is divided into three-period
ranges: acceleration-sensitive region, velocity-sensitive region, and displacement-sensitive
region. These regions depend on the values of PGA, PGV, and PGD. The widths of the
various regions also depend on the ratio between PGA, PGV, and PGD: the acceleration-
sensitive region is wider when the PGV /PGA ratio is higher; the displacement-sensitive
region is wider when the PGD/PGYV ratio is lower [29]. Regarding the earthquakes used in
this study, the near-field Gazli USSR Iran earthquake had the widest acceleration-sensitive
region, while the far-field Nahanni Canada had the widest displacement-sensitive region.

Table 2. Original input ground motions.

. EpiD PGA PGV PGD PGV/PGA PGD/PGV
Earthquake Year Magnitude (km) ) (cm/s) (cm) ©) ©)
Nahanni Canada 1985 6.76 22.36 0.14 3.34 0.98 0.025 0.296
Mineral Virginia 2011 5.8 53.8 0.12 1.67 0.73 0.014 0.438
Gazli USSR Iran 1976 6.8 12.82 0.61 65.38 25.38 0.110 0.388
0.7 1 ZPGA WPGV =PGD 0.65 071 =PGA wPGV =PGD
£ 06 > £0.6
~ 7 A 7052
9 os Qo5 7 0.46 0.44
. s . 0.41
© 2 i V
>§ 04 1 50'4 / 0.33 0.34 0.34
g 03 0.25 g 03 / 7, —
§ 0.12 0.14 § % 0.14
0.1 A % 0.02 % 0.03 0.1 A %
0.01 0.01
0 0.0
Mineral Virginia Nahanni Canada Gazli USSR Iran Mineral Virginia Nahanni Canada Gazli USSR Iran
(a) (b)

Figure 3. Peak values of ground acceleration, velocity, and displacement for three earthquakes: (a) Original earthquakes;

(b) Matched earthquakes.

3.2. Matched Input Ground Motion

To characterize the selected ground motions according to the local condition of the pro-
totype container crane and to normalize the effects of the intensity of the real earthquakes
on the seismic response of the container crane when comparing the near-field and far-field
ground motions, the three ground motions were matched to a Korean elastic response
spectrum developed for the site based on the Korean Design Standard KDS 17 10 00 [30] by
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using SeismoMatch software [31-33]. The elastic response spectrum Z154_2400 was devel-
oped with the following parameters: seismic zone 1, soil type S4 (deep and hard ground),
and a return period of 2400 years. The comparison of the peak values of ground accelera-
tion, velocity, and displacement of matched ground motions are shown in Figure 3b. For
the matched near-field Gazli USSR Iran, PGA was 0.335 (g), PGV was 0.410 (m/s), and PGD
was 0.335 (m). The PGA of the matched Mineral Virginia and Nahanni Canada earthquakes
was 53% and 29% higher than that of the matched Gazli USSR Iran earthquake, respectively,
but the PGD of the matched Mineral Virginia and Nahanni Canada earthquakes was 53%
and 59% lower than the PGA of the matched Gazli USSR Iran earthquake. The PGV of
the matched Mineral Virginia earthquake was 12% higher than the value of the matched
Gazli USSR Iran earthquake, while the PGV of the matched Nahanni Canada earthquake
was 20% lower than the PGV of the matched Gazli USSR Iran earthquake. The PGV /PGA
and PGD/PGYV ratio of the matched Gazli USSR Iran earthquake was 0.12 (s) and 0.82 (s),
respectively. Therefore, the matched Gazli USSR Iran earthquake had both the widest
acceleration and displacement-sensitive regions. Figure 4 shows the original and matched
response spectra of near-field and far-field earthquakes, alongside the target response
spectrum (Z154_2400).

3.00
Target Z1S4 2400
Original Gazli USSR Iran
2:50 Matched Gazli USSR Iran
Original Nahanni Canada
2.00 Matched Nahanni Canada
Original Mineral Virginia
C) _ o
: 1.50 Matched Mineral Virginia
n
1.00
0.50
0.00 T T T T T T
0.00 0.50 1.00 1.50 2.00 2.50 3.00

Period T (s)
Figure 4. Original and matched response spectra.

3.3. Scaling Matched Input Ground Motion for the Shaking Table Test

The matched acceleration time histories were scaled down by the scale factor for time
(St = 4.472) and acceleration (S, = 1) to create the input ground motions for the shaking
table tests. Figure 5 shows the original and matched acceleration time histories of the three
ground motions and the downscaled acceleration time histories used for the shaking table
tests. In this study, the ground motions were applied to the scale crane in the trolley-boom
direction to cause the maximum seismic responses in the scale container crane.
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Figure 5. Acceleration time history: (a) Nahanni Canada earthquake; (b) Mineral Virginia earthquake;

(c) Gazli USSR Iran earthquake.

4. Results and Discussions

This section discusses the seismic response of the scale container crane under the
ground motions matched to the elastic design response spectrum Z154_2400. Details on
the internal forces in the landside and seaside legs, the drift of the portal frame, alongside

the acceleration response are presented herein.
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4.1. Moment at Landside and Seaside Legs

The bending moments M, about the y-axis (perpendicular to the trolley-boom direc-
tion) and M, about the x-axis (along the trolley-boom direction) were determined via four
strain gauges affixed on all four sides at each section by using Equation (2). Two bending
moments and an axial force were determined using three out of the four strain gauge
measurements by employing Equation (2). However, if none of the four strain gauges at
each section got broken during the testing, four sets of internal forces were determined
from the three possible strain gauge combination (that is €1, €2, €3; €2, €3, €4; €1, €2, €4,
and g1, €3, £4). The final internal forces were then determined as the average of the four.
The strain gauges locations are shown in Figure 2.

M
e1-E = % + %yl + ]—y-xl
e-E = %+%'y2+%'xZ 2)

e3-E = % + %]/3 + ij'x:;

where ¢ is the strain measured from strain gauge; E is the elastic modulus of steel
(200,000 N/mm?); x, y is the coordinate of the strain gauge (see Figure 2); A, J;, J, are
the area, moment of inertia about the x- and y-axis of the cross-section, respectively; and N,
My, My, are the axial force, and the bending moment about the x- and y-axis.

The maximum bending moments and axial force in the landside leg are shown in
Figure 6, while the internal forces in the seaside leg are shown in Figure 7. Overall, the anal-
yses show that the internal force of the near-field earthquake (Gazli USSR Iran earthquake)
was higher than that of the far-field earthquakes (Nahanni Canada and Mineral Virginia
earthquakes) for all of the observed locations. For example, the axial forces in the landside
leg (location S2) and seaside leg (location S6) for the near-field earthquake were approxi-
mately 6 and 7 kN, respectively, higher than the axial force of the landside and seaside legs
for the far-field earthquakes. The axial forces in the landside (location S2) for the far-field
earthquakes were approximately 4 kN for the Nahanni Canada earthquake and 6 kN for
the Mineral Virginia earthquake (refer to Figure 6a). The axial forces in the seaside leg
(location S6) were approximately 5 kN for both the Nahanni Canada and Mineral Virginia
earthquakes (refer to Figure 7a). The bending moment M, about the x-axis in the landside
leg (location S2) under the near-field earthquake was 18 kN.cm. It was higher than the
bending moment under the far-field earthquakes, approximately 16 kN.cm under the
Nahanni Canada earthquake and 14 kN.cm under the Mineral Virginia earthquake. In the
seaside leg under the near-field earthquake, the bending moment was 26 kN.cm, which
was higher than the bending moment of 18 and 22 kN.cm under the Nahanni Canada and
Mineral Virginia earthquakes, respectively. A similar trend was observed for the maximum
bending moment about the y-axis. Specifically, the bending moment in the landside leg
(location S2) under the near-field Gazli USSR Iran earthquake (127 kN.cm) was 20% and
10% higher than that of the far-field Nahanni Canada (102 kN.cm) and Mineral Virginia
(114 kN.cm) earthquakes. Similarly, the bending moment in the seaside leg (location S6)
under the near-field Gazli USSR Iran earthquake (123 kN.cm) was 27% higher than that
of both the Nahanni Canada (90 kN.cm) and Mineral Virginia (90 kN.cm) earthquakes.
It is noted that even though the PGA of near-field ground motion was smaller than that of
the far-field ground motions, the responses when the container crane was subjected to the
near-field ground motion were higher than that of the far-field ground motions.
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Figure 6. The maximum internal force in the landside leg: (a) Axial force; (b) Moment about the x-axis; (c) Moment about

Gazli USSR Iran
= Nahanni Canada
= Mineral Virginia

15 4

Gazli USSR Iran
= Nahanni Canada
= Mineral Virginia

7

Mx (kN.cm)

Mx (kN.cm)

150

100

150

100 -

50 A

Gazli USSR Iran
= Nahanni Canada
= Mineral Virginia

Locations

(b)

Gazli USSR Iran
w Nahanni Canada
= Mineral Virginia

Locations

Locations
(a) (b)

Figure 7. Cont.



Appl. Sci. 2021, 11, 1740

11 of 16

. v
>

gloo | % 0 N

: 50 1 42 Z %

(c)

Figure 7. The maximum internal forces in the seaside leg: (a) Axial force; (b) Moment about the x-axis; (¢) Moment about

the y-axis.

4.2. Portal Drift

The portal drift of the scale container crane was measured at location D1 (landside
portal) and D2 (seaside portal) using a camera, as shown in Figure 2. The horizontal
displacements at location D1 and D2 relative to the shake table in the trolley boom direction
are defined as the portal drift. They are expressed in Equation (3):

Portal drift = Abportal_disp - Abshuke_disp 3)

where Abpoar_gisp is the absolute displacement at location D1 and D2 obtained from the
camera; Abgpake_gisp is the absolute displacement at a location on the shake table obtained
from the camera. In this study, the absolute displacement of the location D1, D2, and the
point on the shake table was determined from a video recorded with the camera using the
Kanade-Lucas-Tomasi face detection and tracking algorithm in Matlab software [34-36].

The values of the portal drift of the crane model are shown in Figure 8. Despite the
PGA of the near-field ground motion for the shaking table test being lower than that
of the far-field ground motions, the portal drift under the near-field Gazli USSR Iran
earthquake was higher than that of far-field earthquakes (Nahanni Canada and Mineral
Virginia earthquakes). In detail, the seaside portal drift of the near-field Gazli USSR Iran
earthquake (8.1 mm) was 25% and 43% higher than that under the far-field earthquakes,
Nahanni Canada (6.1 mm) and Mineral Virginia (4.6 mm), respectively. The landside portal
drift under the Gazli USSR Iran (8.2 mm) was also 27% and 44% higher than that under
the Nahanni Canada (6.0 mm) and Mineral Virginia (4.6 mm) earthquakes, respectively.
Therefore, the near-field ground motion caused larger portal drift than the far-field ground
motions. Figure 9 shows the portal drift time history for the three input ground motions.
It is observed that there were no differences between seaside and landside portal drift in
this study. The positive values indicate movement in the seaside direction relative to its
original position, while the negative values indicate movement in the landside direction
relative to its original position.
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quake; (c) Mineral Virginia earthquake.

4.3. Acceleration Response

The seismic acceleration response of the scale container crane was recorded at three
locations designated as Al, A2, and A3 (see Figure 2). The maximum acceleration response
is summarized in Figure 10. The maximum acceleration responses of the scale container
crane at locations Al, A2, and A3 are compared with the peak ground acceleration (PGA) of
matched input ground motions given in Figure 3b. As shown in Figure 10 clearly, the maxi-
mum acceleration responses under the near-field Gazli USSR Iran ground motion increased
compared to the input peak acceleration. Specifically, the maximum acceleration response
at locations A1 (0.5 g), A2 (0.44 g), and A3 (0.63 g) were 47%, 29%, and 85% higher than the
maximum acceleration of input ground motion (PGA = 0.34 g). However, the maximum
acceleration responses under the far-field ground motions decreased compared to the
input peak acceleration. In detail, the maximum acceleration of the locations A1 (0.35 g),
A2 (0.40 g), and A3 (0.37 g) when subjected to the far-field Mineral Virginia earthquake
were 33%, 23%, and 29% lower than its PGA (0.52 g). For the far-field Nahanni Canada
earthquake, there was a marginal or no decrease in the seismic acceleration response of
the A3 and A2 locations. The maximum acceleration of location A3 and A2 was 0.42 (g)
and 0.44 (g), respectively, as compared to the PGA of 0.44 (g). The maximum acceleration
response of location A1l (0.34 g) was 23% lower than its PGA (0.44 g). Therefore, it can be
concluded that the near-field ground motions have a larger effect on the seismic response
of the container crane than the far-field input ground motions.

1.2

ZPGA TAl

10 { "AZ DA3

0.8 -

0.63

Maximum acceleration (g)

Gazli USSR Iran Nahanni Canada Mineral Virginia
Earthquakes

Figure 10. Maximum acceleration response.
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5. Conclusions

The container crane’s seismic response was evaluated by employing a shaking table
test of its 1/20 scale crane. The scale crane was designed based on the similitude law,
where the cross-section of each part was scaled down by using the scale factor of the
moment of inertia. Besides, added masses were applied to satisfy the scale crane’s total
mass. One near-field (Gazli USSR Iran) and two far-field (Nahanni Canada and Mineral
Virginia) ground motions were matched to the elastic response spectrum (Z154_2400) and
applied to the scale crane in the trolley-boom girder direction. Major findings obtained
from this study are summarized as follows:

Despite having matched the near-field and far-field ground motions to the elastic
response spectrum (Z154_2400), which was defined as zone 1, soil type 54, and a return
period of 2400 years based on the Korean standard, there was still a significant difference
in the seismic response of the container crane between the near-field and the far-field
ground motions, such as the internal forces in the seaside and landside legs, and portal
drift. The internal forces, the axial force and two moments, in the seaside and landside
legs when the scale crane was subjected to the near-field motions were higher than when
the scale crane was subjected to the far-field motions. For example, at the top of the lower
seaside legs, the bending moment M,, under the near-field ground motion was 37% higher
than that of the far-field ground motions. The portal drift under the near-field earthquakes
was also higher than that of the far-field earthquakes. For example, the seaside portal drifts
under the Gazli USSR Iran earthquake were 25% and 43% higher than those of the far-field
earthquakes, Nahanni Canada and Mineral Virginia.

In the case of near-field input ground motions, which have a wider acceleration
and displacement-sensitive region than the far-field ground motions, they will have a
more significant effect on the seismic response of the container crane than the far-field
ground motions. The maximum acceleration response of the container crane increased as
compared to the peak ground acceleration when subjected to the near-field ground motion,
but they decreased as compared to the peak ground acceleration when subjected to the
far-field ground motions. For example, the maximum acceleration response of the location
on the trolley-boom girder when the scale crane was subjected to the Gazli USSR Iran
earthquake was 47% higher than its PGA, while under the Nahanni Canada and Mineral
Virginia earthquakes, the maximum acceleration responses were 23% and 33% lower than
their PGA.
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