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Abstract: To solve the rockfall protection problems of rock-sheds along highways and railways, a piston rod point-supported flexible
buffer system is proposed. Consisting of buffers, ring nets, support ropes and piston rods, the buffer system is supported on the top of
a rock-shed and can provide buffer protection for the rock-shed structure. To study the mechanical behavior of the buffer system, a
substructure model was designed and an impact test of 25kJ was carried out. The loading path and deformation feature, as well as the
internal force response and system buffering characteristics were emphatically analyzed in combination with the test and numerical
simulation. The results show that the substructure can successfully intercept a block with impact kinetic energy of 25kJ. The buffering
process is characterized by three stages, i.e. relaxation deformation, compression deformation and deformation resilience. Compared
with the steel column support model, the piston rod point-supported buffer system can reduce the maximum impact force by about 30%,
and increase the impact time by 67%. Meanwhile, compared with those of the sand cushion layer and the EPS cushion layer, the
maximum impact force of the substructure model reduces by about 69% and 61% respectively under the same impact energy. By
adjusting the system configuration, the performance curve and the corresponding approximate formula are obtained under different
spring stiffness conditions.

Keywords: buffer system; piston rod; rockfall; impact; mechanical behavior
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Fig.11 Axial force time-history curves of piston rods
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Table5 Comparison of impact force responses
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Abstract: For studying the dynamic behavior of flexible barriers subjected to the impact of rock debris, a
computational framework of an Air-Debris-Barrier (A-D-B) coupling model is proposed, accounting for
slipping, contact, and large deformation of the barrier. Rock debris are attained from an explosion based on
Arbitrary Lagrangian-Eulerian (ALE) formula-based solid-fluid coupling. The simulation is verified by full-
scale testing and showed that the impact peak force and deformation of the barrier decreased by 25% and
30%, respectively, and the internal peak force of the net reduced by 50% with respect to single block
impact.

Keywords: Flexible barrier; Rock debris; Explosion; Solid-fluid coupling; Impact

1 Introduction

According to previous research (Li 2013), landslides and cliff collapses account for
72.9% of the geological disasters in China. Flexible barriers are an effective
countermeasure to reduce the risk of this type of disaster (Fig. 1). A European standard
(ETAG 2008) specifies the substitution of a concrete block for rock debris for barrier
testing that 1s widely used in the United States, Japan, and China. This guideline treats the
distributed load as a concentrated load under the same impact energy, to consider both the
bullet effect (Hambleton et al. 2013) and the most unfavorable load. Arndt et al. (2009)
also noted that simultaneously arriving rockfall impacts hardly excessively reduced the
suspended barrier height or compromised capacity. However, features of rockfalls depend
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on the actual geological conditions, even though assessment of barrier systems based on
single block 1mpact is conservative, it is difficult to reflect characteristics of multiple
blocks impacts associated with rockfall debris, such as load distribution, lag time, and
collision-friction effect (Hambleton et al. 2013; Ortiz and Arndt 2008; Glover et al.
2010), which have influence on the barrier response. The above two impact actions differ
in loading modes, leading to the distinguishing predictions of the maximum deflection of
the barrier system that significantly affect the overall arrangement of the project. For
example, a very strict protective clearance distance 18 required along railways and
highways to help prevent rockfall from colliding with vehicles. The extremely large
barrier deflections (Yu et al. 2018a and 2018Db; Peila et al. 1998) based on a concentrated
load can result in a restriction on determining the installation location of the system, and
sometimes causes the abandonment of this effective protection measure. In addition, the
larger design loads, compared to those that occur in reality reduce the cost effectiveness
of the system. Therefore, influence of multiple rocks under the impact of rockfall debris
deserve consideration. The mechanical behavior of flexible barrier subjected to the impact
of multiple rock blocks has recently attracted more attention ( Leonard: et al. 2016;
Albaba 2016; Albaba et al. 2017).

Concerning the influence of load distribution on the barrier response, Castro-Fresno
et al. (2008) carried out four concentrated load tests and four uniform load tests on a
square steel frame with dimensions 2 m by 2 m, and then found that the ultimate bearing
resistance under uniform load is three times that under concentrated load. Consequently,
the loading model strongly affects the mechanical behavior of the barrier. Volkwein et al.
(2009) carried out a full-scale test of a barrier subjected to the impact of a tree trunk, and
found that flexible barrier can be used for extreme load under the condition considering
the impact area. Hambleton et al. (2013) presented a simple analytical model to determine
the critical energy required to break the net, and then revealed that critical energy is
proportional to block diameter, and critical velocity is inversely proportional to diameter.
Leonardi et al. (2016) noted that the peak impact force on the barrier increases with the
increment of grain content. Thus, it 1s easy to assess that the buffer capacity and the local
punching property of the structure require a higher capacity under a smaller impact area.

Fig. 1 Barrier capture of single rockfall and rock debris.

Many scholars have studied the mechanical behavior of barriers in the context of
European Technical Approval Guideline (ETAG) 027 (2008). For example, eight groups
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of prototype barriers were subjected to the impact of a block with kinetic energy ranging
from 500 kJ to 5000 kJ by Gottardi and Govoni (2011). It was found that the braking time
and peak anchoring force increased almost linearly with the testing energy level, and
braking time was always less than 0.4 s. Maegawa et al. (2005) developed energy-
absorbing tests on four groups of nylon nets and six groups of the barriers with nylon
nets. The results showed that the ratio of friction energy and collision energy is nearly
1dentical under different conditions, and the design should be developed referring to the
cumulative absorbing energy of the component. Furthermore, the mechanical behavior of
the barrier has also been studied numerically (Miranda et al. 2010 and 2015; Zhao et al.
2013).

Owing to the difficulties in conducting experimental tests on rockfall debris, the
numerical simulation 1s an efficient approach to investigate this subject, but 1t 1s still a
challenge. For this reason, this study proposes a novel computational framework of an
Air-Debris-Barrier (A-D-B) coupling model, as shown in Fig. 2, in which rock debris 18
acquired from the explosion simulation of Arbitrary Lagrangian-Eulerian (ALE) formula-
based solid-fluid coupling.
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Fig. 2 A-D-B coupling model.
2 Numerical Method

2.1 Modeling of explosion debris

Debris material 1s normally represented by discrete elements and applied to barrier
studies (Albaba 2016; Albaba et al. 2017). There is no doubt that the discrete element
method 1s suitable for simulating the slip and rotation in particles. However, the spherical
shape of a single discrete element cannot reproduce the interlocking effect (Cui and
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O'Sullivan 2006) among debris (Fig. 3a and Fig. 3b). For this reason, researchers have
introduced computer imaging techniques to quantitatively depict the geometric
characteristics of debris, and then gathered spherical elements to approximate natural
rocks (Fig. 4a), resulting in the complexity. In addition, the number of spherical elements
18 often increased to improve the accuracy, which leads to a lower computational
efficiency. In this paper, the proposed methodology of the rock explosion (Fig. 4b) is
simpler than the discrete element method when considering the interlocking effect, and
greatly improves the computational efficiency.
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Fig. 3 The interlocking strategy between: (a) discrete elements and (b) finite elements.
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Fig. 4 The procedure of different methodologies: (a) discrete element method and (b) rock
explosion.

In the explosion model, both the explosive and air are regarded as fluids, and
described by the multi-material ALE formula. State equations can depict the relationship
between volume and internal energy under pressure (LSTC 2007). The Jones-Wilkins-Lee
(JWL) equation of state of explosives 1s as follows:

Pl 1= | 4 gl 1- 2 | L 2E (1)
VR RV Vv

where w 1s relative volume and U- denotes the internal energy contained per volume.
Other parameters are shown in Table 1. The linear equation of state of air is described as:
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P=C,+CS+C,S*+C,8*(C,+C S +CS°)U,, Q)
where S = %—1 and 1/ and other parameters have the same definition as that in Eq. (1).

The material parameters Co= Ci= Co= Cs= Cs= 0 and Ce= Cs= 0.4. The density of air 1s
1.225 kg/m’ and the initial relative volume is 1.
Table 1 Equation of state parameters

Symbol Definition Value Symbol  Definition Value
(Units) (Units)
P Detonation 1.85x10%° B Material 3.230x10°
pressure (Pa) constant (Pa)
Un Initial internal 7%10° R Material 4,15
energy (J/m’) constant
W, Initial relative 0 R Material 0.95
volume constant
A Material 3.712x10! 1) Material 0.3
constant (Pa) constant

The explosive and rock, which are treated as compressible Newtonian flows, are
coupled by the air after detonation. Consequently, the mass and momentum must be
conserved (Vandamme et al. 2015). The governing equation for mass is depicted as
follows:

0.0
f/aﬁv - (0 v)=0, 3)
The governing equation for the momentum 1s described as:
ooV
"oy (o=t 4)

where /represents time, #1s the volume force vector of fluid, p, is the density of fluid,
v represents the velocity vector of fluid, and 7, denotes the tensor of shear force.

The conservation equation of momentum is acquired from Newton's second law:
/Ost:V. US+]§’ (5)
where O, 1is the solid density, o

N

is Cauchy stress tensor, f, is the volume force

vector of solid, and d, is the acceleration vector.

The calculation results are exchanged on the interface between the fluid domain and
solid domain. In this process, the stress  and displacement 4 are kept conservative,

satisfying the following equations:
Tr = Ty 1
U a=a ©
where the subscripts Zand s represent fluid and solid, respectively.

The plastic kinematic model with Mises failure criterion are used to represent rock
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debris  (LSTC 2007). Rigid bodies are used for the area of the mountain outside the
explosion area and ground. Shock waves and detonation gases produced by explosion
cause the cracks in the rock near the explosive. Due to the large pressure of detonation
gases, the cracks further open and gases push the broken rocks for radial movement.

2.2 Modeling of flexible barrier

Flexible barriers consist of the net, steel posts, horizontal and longitudinal support
cables, anchor cables, and energy dissipators, as referenced in the literature published by
others (Yu et al. 2018a and 2018b; Zhao et al. 2013).

(1) Slip element

In engineering, the post 1s affixed to the slope with a hinge pin, which allows the
post to rotate along the direction of impact. Meanwhile, to satisfy the large deformation
of the structure, a sliding support 1s arranged at the post end to realize the free sliding of
the support cable. The simulation of the sliding cable and sliding boundary is of
importance 1n the model to attain realistic simulation. Thus, sliding cable elements are
established (Fig. 5). In theory, Node B 1s attached to the node at the post end, defined as
sliding support, and connected to the cable elements on both sides of the post end. The
internal force of the £th cable element is represented by # When Element 1 slides to
Element 2, the amount of slip at each time step 18 dependent on Fi//, which is relative to
the angle & between two elements and friction coefficient « of the cable on the
sliding support. When 7 is close to Z2or & =0, sliding will not occur. Slip is sufficient
to reduce the ratio F1/F2 to e . The cable element connecting two nodes has a single
degree of freedom and similar properties to a spring. Thus, the internal force # can be
calculated as follows:

F =KAL+DAL, ()
where D and K are damping and stiffness of the cable, respectively, and AL 1s the
amount of elongation, which 1s the difference between current length and initial length,
where 1nitial length 1s the sum of initial distance between the two nodes and initial
relaxation length (LSTC 2007).
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Fig. 5 Seat belt slip ring.

(2) Ring net

The net 1s one of the key components in a barrier system. There are three special
mechanical characteristics of nets. First, the ring is bent at the early loading stage and
axially tensed at the later loading stage, resembling the high strength cable, except for the
property of unrecoverable plastic deformation at the ring junction. The stiffness of the

-78 -



JE R 5 AR SE RS S T o T R R

restoring force 1s defined by the axial tension.

Second, because the ring is parallel fastened or twined with high-strength steel
wires, 1t 1S easy to be horizontally crushed during tension. When the beam element with
identical section area is used, the contact stiffness and bending stiffness are
overestimated, as shown in Eq. 8. The bending stiffness of the beam element is depicted
as:

4 2
Er, =g _ pAde (8a)
d 64 16
The actual bending stiffness is presented as follows:
zd?
El. =Y E=—L, (8b)
ring Z 64

where £ denotes the elastic modulus; % and /i are the inertial moment of beam element
and ring, respectively; ¢ and & denote the diameter of beam element and the ring,
respectively; and Ae 18 the equivalent area of the beam element. For modifying the
stiffness, Eq. (8a) 1s equated to Eq. (8b) to attain the equivalent diameter, however,
resulting in a lower tensile stiffness. In engineering, the stress-strain relationship in the
stage of axial tension can be adjusted to improve the plastic modulus.

Third, the entire ring net consists of discrete rings, where boundary slip 1s added
between rings. If rings are hinged with each other, the net will exhibit a completely
different mechanical property, leading to an unpredictable performance and great error.
Therefore, 1t 1s necessary to select appropriate models for the above three characteristics.

2.3 Dynamic contact

In the penalty method, an interface force 1s introduced to contact pairs for limiting
the penetration, which 1s proportional to penetration and master stiffness, and regarded as
a normal spring. The frictional interface force acquired from the Coulomb equation
(Wriggers 2006) is deemed as a shear spring to restrict the relative motion (Fig. 6).
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Famg | g — ] Spporn
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I ]
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Fig. 6 The spring-damper units (a) between rings and (b) between the support cable and
the net.
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The first step of contact searching is finding the nearest beam element, which 1s
considered from the midpoint of the beam, and can be defined as (Fig. 7):
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c_1

X :5( 1+ 1+1). (9)

If the beam element satisfies the condition ¢ = min, e = x> it can be regarded as
the possible contact beam element, hence a coarse contact location 1s found. However, the
comprehensive search with the local condition can only happen in the following
condition:

d_.<L' L' =min(/',d"), (10)
where ;7 - = x| and d' is the largest diagonal of a specific section. This

min

condition 18 equal to establishing a sphere with the center at the middle of the beam
element. It 1s useful to local searching when the slave node 1s on the sphere surface or
inside in the sphere. If Eq. (10) 1s satisfied, the minimum distance can be calculated as

follows:

—1I
P
X —X

, (11)

where 1 denotes the coordinate of the beam axis with the minimum from Node P and

the value of I must be limited in the bound -1<I<1. Otherwise, the local condition

should be further adopted to test nearby elements (Wriggers 2006).
e - i

d(P,1) =min, |x' () x| =

M

Naosbe

Fig. 7 Contact searching.

2.4 Dynamic algorithm

The responses of the system can be calculated using the numerical tool LS-DYNA.
In explicit dynamic algorithms, time steps and system damping are the critical factors
influencing the accuracy of the dynamic calculation. The time step is relevant to the
velocity of the impacting wave and the size of the element. Therefore, the calculation
time can be greatly reduced by increasing the time step through mass scaling. However,
the larger time step can lead to excessive inertial mass. Hence, the additional inertial mass
should be below 5% for calculation accuracy (LSTC 2007). In the present study, the time
step 1s set as A £<0.00001 s.

_7/ |E
At, —Le/ %ﬁ (12)

where L. denotes the characteristic length of one element; and £: and . are the modulus
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of elasticity and mass density, respectively.

Before the falling rocks contact the system, they are regarded as non-damping rigid
bodies and the mass damping of the system comes from the barrier system itself. Then the
mass damping of the system can be greatly increased due to the rebounding of both
falling rocks and flexible structure after impact. Hence, this 1s a process with time-
varying damping and time-varying mass, which 1s considered as weighted damping in the
calculation process (LSTC 2007). The acceleration of the system with damping can be
calculated by Eq. (13) and the best damping 1s defined by the lowest modal frequency.

a"=M"(P"-F"-F,, ) (13)
where, Zand F are the external loading vector and internal loading vector, respectively;
F;  1s the force vector induced by system damping and calculated by 2mw_ v;and C

damp min

and wmin are damping coefficient and lowest modal frequency, respectively.

The moment of maximum impacting displacement and maximum rebounding
displacement are represented by 4 and 5, respectively. The first rebounding happened
between time #-# with large magnitude, and the corresponding magnitude coefficient is
equal to 1 at 4. After &, the falling rocks have minimal rebounding and remain stationary,
and the corresponding coefficient 1s equal to 0.1.

3 Experimental Method

A full-scale impact test was performed on a barrier prototype according to ETAG
027 guidelines. As shown in Fig. 8, a large reacting-force wall with a height of 13.5 m
and full of locating holes was arranged at the test site. The block with a weight of 6000
kg was lifted to an altitude of 34 m by the gantry, and then freely released after position
calibration. The center position of the middle span of the barrier (point 1) was impacted
by the block with a kinetic energy of 2000 kJ. A high-speed camera was utilized to record
the impact and monitor the barrier deformation and the block motion. Additionally, 18
force sensors were mounted on the components to collect the tensile force time histories.

] —— . |

--.u-... Lorom wall [ .
Fig. 8 Prototype barrier for experimental testing.

The spacing and height of the posts were 9 m and 5.5 m, respectively, and the
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standard steel material of Q235 and the post specification HW 200x200x8x12 are
adopted. All of the types of cables are 6x19S+IWR (steel core) with the tensile strength
of 1770 MPa. The specification of 1 @22 is applied to all the cables, except for the major
support cables with the specification of 2d22. The ring net, which is woven by the steel
wire with high tensile strength of 1770 MPa, adopts the specification of R16/3/300. Two
brake rings of GS-8002 with the maximum elongation of 1 m and the starting force of 45
kN are arranged one-by-one on each cable in the system, except that only one brake ring
1s mounted on the lateral support cable.

4 Results and Discussion

The numerical model of the barrier under the impact of a single block and the
impact of rock debris with the testing configuration and kinetic energy of 2000 kJ were
established, which are referred to as Case 1 and Case 2 in the following. Rock debris 18
acquired from the explosion, where the emulsion rock explosive with the size of 0.2 m x
0.2 m x 0.2 m and depth of 1.3 m 1s adopted.

When the barrier is impacted by the single block, the ring net in the major contact
area rapidly changes from relaxation to tension, forming a V-shaped bulging region, as
shown in Fig. 9. At the same time, the tension force is transferred from the net to the
minor support cable, which 1s then attached to the major support cable with shackles. The
addition of block displacement leads to the increment of the force on the support cable.
The brake ring works when the force exceeds the threshold of starting force at 0.1 s,
leading to an increment of energy dissipation and sliding of the support cable on the end
of the post. The shackles in the middle span simultaneously slide to the center, which
drives the net toward the center, exhibiting an initial funnel shape. As the support cable
further slides on the post end, the angles between the post and the support cables on both
sides become smaller, causing a large vertical component of force to be applied to the
post and anchor cable. At 0.3 s, the force on the upper anchor cable reaches the braking
force. As the post swings down, a fuller funnel shape is acquired. At 0.45 s, the maximum
deformation and the maximum impact force achieve 8.92 m and 800 kN, respectively
(Fig. 10a and Fig. 10b). After that, the block rebounds slightly and remains steady at 0.6
S.
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Fig. 9 System deformation.
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Fig. 10 Time history curves of (a) the impact force, (b) the displacement of rockfall, and
(c) the area of envelope surface.

The mass of debris acquired from the explosion ranges from 15 kg to 700 kg. It is
assumed that the total number of rocks in the debris and the total mass of debris are z/
and 2, respectively, and the mass, velocity, and acceleration of a single rock are 2, v,

and a, respectively, with the vertical component of the acceleration .. Thus, the total
kinetic energy of debris and vertical impact force are represented as EH:ZZ% . mI-V]2
and F]:Zf_f ; ml-a,V, respectively. From O s to 0.05 s, £z sharply increases to 2000 kJ
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during the explosion. At 0.05 s, the impact force is initially imposed on the net. The
increasing number of rocks impacting the net creates tension and forms a bowl shape.
Meanwhile, the force is transferred from the net to other components, showing an
identical order with that impacted by a single block. At 0.17 s, the internal force of the
major support cable increases to the braking force. Then, the sliding of the support cable
and shackle lead to an initial funnel-shaped net. After 0.4 s, when the brake ring starts to
move on the anchor cable, the vertical funnel shape 1s more obvious. At 0.68 s, the
system achieves the maximum deformation of 6.20 m, which 1s 30% less than that under
the impact of a single block. The vertical impact force 1s about 600 kN, which 1s 25% less
than Case 1. Finally, the system achieves stability at 0.8 s.

The contact positions between the rocks and net at a certain moment are projected to
the plane of the initial net. Second, the projections are connected by spline curves to form
an envelope surface. The time-varying envelope surface area 1s illustrated in Fig. 10c,
where the time axis takes the moment of first contact as zero. The envelope of the block
18 square at the initial moment. After 0.02 s, the envelope surface becomes a positive
octagon, and remains constant in the subsequent process. For debris, the envelope surface
18 1nitially a dot. Then, 1t expands to the ellipse with the long axis of 5.9 m and the short
axis of 3.4 m at 0.08 s. It remains constant until it begins to shrink at 0.40 s. At 0.50 s, it
reduces to the ellipse with a long axis of 3.7 m and a short axis of 1.8 m. Finally, it
remains constant in the following interception. Thus, rock debris has the effects of
distributed load and longer loading time, called lag time, which are decisively different
from the impact of a single block, due to the discreteness.

For the sake of simplicity, only the data of #10 force sensor on the upper major
support cable, #12 force sensor on the upper minor support cable, #4 force sensor on the
upper anchor cable, and #13 force sensor on the lateral anchor cable are illustrated. When
the system 1s impacted by a single block, the internal force evolutions of the steel-wire
cables always present an initial sharp increase. After 0.1 s, due to the start of brake rings
on support cables, plastic flow occurs, leading to a gentle increment of force (Fig. 11a
and Fig. 11b). After 0.3 s, the internal force of the anchor cable increases to the braking
force, and the internal force of the upper anchor cable and lateral anchor cable reach the
peak of 110 kN and 80 kN at 0.4 s, respectively, followed by unloading (Fig. 11c and Fig.
11d). The internal forces of the upper major support cable and upper minor support cable
reach the peaks of 140 kN and 45 kN at 0.46 s, respectively, also followed by unloading.
When the system 1s subjected to the impact of debris, the internal force of the steel-wire
cables presents a sharp increase, which 1s slightly less than that impacted by a single
block. After 0.17 s, the internal force of the upper major support cable and upper minor
support cable steadily increase until it reaches the peak of 120 kN and 50 kN at 0.60 s,
respectively, and 18 then followed by unloading. The internal forces of the upper anchor
cable and lateral anchor cable gently increase after 0.40 s, and arrive at the peak force of
100 kN and 60 kN at about 0.65 s, followed by unloading.
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When the system 1s impacted by the block, the axial force of post 1 sharply
increases to a peak of 400 kN at 0.48 s, followed by the relaxation to zero (Fig. 11e).
When the system is subjected to the debris, the axial force of post 1 increases to the peak
of 380 kN at 0.58 s, followed by unloading. The internal force evolutions of other posts,
which are not presented here, are similar to post 1, but the internal force peaks of post 2
and post 3 under Case 1 and Case 2 are 230 kN and 200 kN, respectively. The internal
force of the net at the central position of the middle span under Case 1, and at the position
with maximum internal force under Case 2, are illustrated in Fig. 11f. The internal force
increases to 28 kN at 0.45 s under Case 1 and to a peak of 15 kN at 0.68 s under Case 2.

Overall, numerical force evolutions under the impact of debris agree well with the
experimental results, except that a long response time 1s observed due to the lag time,
thus the A-D-B coupling model is verified. Furthermore, the internal force of the net
under Case 2 1s about half of that under Case 1, which agrees with earlier findings
(Castro-Fresno et al. 2008; Volkwein et al. 2009).
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Fig. 11 The internal force time history curves for (a) upper major support cable, (b)
upper minor support cable, (¢) upper anchor cable with #4 force sensor installed, (d) lateral
anchor cable with #13 force sensor installed, (e) post 1, and (f) net.

5 Conclusions

The proposed computational framework 1s suitable for the simulation of barriers
under the impact of rock debris, and the A-D-B coupling model can be utilized to consider
several influences of rock debris on the dynamic behavior of barriers, such as the load
distribution, time lag, and collision-friction effect.

For the barrier prototype, the impact force of the rock debris was 25% less than that
of a single block. Furthermore, the loading model has a large effect on the internal force of
the ring net. The peak force under the impact of rock debris was 50% lower than the
impact of a single block, which reduces the barrier cost. However, the loading models
have minimal influence on the support cable, anchor cable, and the steel post. The
deformation of the system was also reduced by 30%.

It 1s necessary to explain that this study only focuses on the dynamic response of the
barrier under the impact of rock debris with a kinetic energy of 2000 kJ. For the sake of
developing a more general law, other impact tests and simulations should be conducted,
and the influence of particle size generated by rock blasting on the structural response
Investigated 1n the future.
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Analysis of Causes and Rescue on Building Fires

Maochieh Chi, Chun-Yu Lin

WuFeng University,Chiayi County621, Taiwan

Abstract: The purpose of this study is to discuss the strategy of fire rescue on building fires. The
fighter interview and building fire examples in Chiayi County were used to understand the rescue states and
tactics of Chiayi County Fire Bureau. Through the results of the interview, the strategy and tactics of fire
prevention and control can be improved and promoted. The example of townhouse fire were taken to discuss
the fire rescue capacity of Chiayi County Fire Bureau. Results of the interview show that the equipment and
tools of fire rescue currently are sufficient for the top-floor covered houses, wooden buildings and RC
structures, but insufficient to deal with the buildings with their height more than 50 meters and underground

buildings. In addition, increasing the numbers of firefighter is necessary due to the shortage of manpower. In
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the fire rescue mode, fire rescue can be done well for general building fire. However, increasing the numbers
of fighter should be the best way to improve the fire rescue mode and increase safety on people” s lives and

property.

Keywords: townhouse, fire rescue, equipment, manpower, mode
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6 CROSS-STRAIT SEMINAR 2018 10/26 in Taiwan

Current State of
Underground Common Duct in Japan

Dr. and Former Professor
Masahiro MNakano

Do Muceslvirn: HAKARD 3R JAPAH

“Contents

1. Underground common duct{(Common duct)

1} about Common Duct

(Dpurpose, 20utline, 3Kind, @Role

Z ) The structure of facilities

3} Attendance equipment in Common Duct

4 ) The current state of Common duct in Japan Kansai
2. Wire common duct and Information Box

1 } Outline of Wire common duct

2} Outline of Information Box
4. Accommodated lifeline facilities under roads

B Maceslvirn: HAKARD 3R JAPAH
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1. Underground common duct
1) About Common Duct
(1) Purpose

1) Trenching works on the
road is prevented.

2) Smooth traffic is secured.
3) Lifeline facilities are
accommodated safely.

4) Improvement of urban
landscape and protection
against disasters

Fig. Accommadations in Common duct
[ETWGS]

_Ii-mm (R JAPaH
mwmymﬂrﬁm-nm-:m.q LL ]

1) Underground Common Duct (@Z0O0utline

Information
BOX
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@) Kind of Common duct

1. Common Duct (for Trunk Lines)

Trunk line facilities of T. E. G. W. G. 5. and s0 on
are - accommodated under roadway mainly and
supported an urban function.

In maintenance work the workers can work
inside common duct.

2. Common Duct (for Utility Supply Pipelines)
Litility Supply Pipelinesof T. E. G. W. G. 5. and 50
on are accommodated under sideway mainly and
supported an urban function.

These are possible to connect a lifeline to each
building without digging a road up.

3. Commen Duct (for P and Tel Cables):
C.C.BOX

At the facilities which accommodate an electric
power line and a information wire overall under
the sidewalk and can have improvement of
urban landscape and the protection against

disasters
D Mapahybrg RAKAND CSKR SAPAN

WA i, B oL e S v btk 0

@ The role of Common Duct
1) Trenching on the road is prevented.

2) A town is protected from an accident,
The telephone wire (optic fiber), the electric
power cable, gas hose, water supply and pipes are
strong in an accident by underground box store,
It's difficult for a pipe lines and a cables to spail,
and so for an automatic detection apparatus to be
installed, maintenance works can do safety sure,

3) Road space can be used effectively.
A common duct arranges and integrates these
facilities and can accommodate them orderly.

Specially C C BOX can be enabled of beautiful
retainment of road space and effectively to be used

highly more than now
T b Marsalien NAFARG  CRRR JAFEH

T e, SR AT [ i LR 0 BT
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(Ref.) Two structural types of Common Duct

in-case of Common Duct for Trunk Lines

=l
®
BEEE
@
| BBEBEE

=
]

ko L I )

Dr s atiro MAKARD  (SER JaFAN
e o O TR e S’ Pl Vi P i | 1 it o 0 T il

(Ref.) Construction work in Tokyo Hibiya

(from The Ministry of Land, Infrastructure and Transport)

Pt i ety VB g, ! Ecmaliil f hilflgs Fiasiens. e
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Figure of Standard Section
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1.2) The structure of facilities

General part and special part

{branch, cable connection, material carrying-in, and so on)
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« Selection of construction method
A. Open-cut method

Because the cross-sectional form isn't fixed and a special
department has a lot of changes(the entrance, exit ways and the
ventilation openings, etc. ) this method is generally applied.

B. Non open-cut method(Shield method)

This method 18 adopted when the common duct has the
restrictions by the existing structure and must avoid the
influence to road traffic by construction

*Way of thinking of method of construction selection:

A method of construction considers influence to the cost performance,
construetion work, wark and traffic safety and also an aceommodation plan
of other enterprise, a crossing strictures, highway planning, and - after these
considering the method iz selected.

Design plan(in Open-cut method)

Linear plan(plane and running through)

A. After the plane point of view of the common duct is made the center of
the road 8s a principle, and considering the location of existing
structure, horizontal aligrment plans iz done according to the road

B. Vertical alignment considers the smallest earth receiving and
drainage slope (more than 0.2 %), and as far as possible
eéxcavation shin plans become smallest economically according to

the vertical slope of the roadway surface. /{1/
SRRy E
&
BERA A= H
[
= : '
g fnit: o
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Fig Longitudinal view

Cut | ime view Tigure of piane and longitudinal

1. 3) Attendance equipment

Attendance equipment is established for the purpose of securement.
preservation in  the maintenance, fTire, flooding and crime
prevention and so on for the good operational condition in the
common duct.

Main equipment are follows:

{1} Drainage facilities (dead water i1s excluded. )

(2)  Water supply equipment (for cleaning and fire
extinguishing )

{3) Ventilating installation ({exclusion of poisonous gas.
dehumidification and prevention of the temperature)

{4} Lighting instal lation (illumination and outlet)

{5} Power distribution installation (machine. power supply
retirement of illumination and power distribution)

{6) Disaster prevention safe eguipment(fire in the ditch ,
‘accident prevention, safety ensuring and crime prevention)

{7) Sign system {guide and warqing]
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2 ) Underground common duct in Kobe

*Kobe common duct have opened in 2001 and am aiming
at a network with Osaka one.

(W imm}

- 110 -



BN IR R B PSSR S & T R SR

ey

2 . Common Duct for Telecommunication
and Power Cables (C:C-BOX)

Location O 1.The facilities which are
established the road
’\ underground

accommodating wire  of
maore than 2 enterpriser

2.The property housed in
a wire common duct are

* Power supply

# Telecommunication(
Optical fiber)

# Cablecasting(TV, radio,
music)

# Optical fibers for
administration of a road
management authority

2. 1) Outline of Common Duct for
Electricity and Telecommunication Cables (C-C-Box)

Construction sibe
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2.2) Outline of information Box

2

-

da~he ﬁﬂEﬂx

| Emﬁ??'f n-5¢
EREERLI7 {1~

Fig Location of Information Box
B Mursalvi o HARARD (C50R J4PAH

% This is established by road
management sectors and

the facilities for accommodate a
fiber-optic cable for road
management.

#* The inner space
accommodates a optical fiber
cable for road management in
one space, and divides inside it
by a sheath spout.

# Private enterprise persons
also are possible to construct
the communications line by
optical fibers in this space,

3 .Accommodated lifeline facilities under roads

Information Box

lifeline ..
facilities

2 Common Duct

- 112 -

- wtﬂﬁtﬂﬂlﬂ
T mRmuiam
C ELLTR-QEMRE
W EELTENE Rk
w
SW  @RiEm




PN AR B SCRS SDEEE Ste E TH R SR

Sth HAI B L

Development of the Common Services Tunnel
in Marina Bay, Singapore

HTITAR R A I [

Ler Seng Ann & Il %
Group Director (Development Services) SEE (HREER)
Urban Redevelopment Authority [ EE MUSR &

LITETTAN
R L T
BRIy
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Singapore, the City State
SRTITEEC, RN

5.6 - ) ““-F»I_"’ | Longon f71)
- 1 rir, 11 Ly P
(i oSS0 S R £
million' © . 4 . F ;(t b
3 ‘:_ ,-'. IF .qu__'#' WY (1.7
?19 kszatal Land Area : wne i)
.I'-\-" :
R R
T {15
BT R A9Km? " nevte
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Camamieroe

smallisland

BIG

*  Destricts with wnigue & distincth charstes
AR

= Well-served by transpartation
T

*  Mixof uses to meet busingss & Bang neasds
Sy MR DL LS R
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Planning for a High Density Mixed-use District (1 (&

K 2 IV 2L

- 116 -



BN IR R B PSSR S & T R SR

Planning Ahead of Time h%il“i]'i'i_ J

s il

Planning for Marina Bay J8#8 % [ 1l i
« A pro-octive ond holtsbic approach &85 SRR LA

RRANHE

= G, provide: infrassructune & releass Band
for private desekapmant
%gﬁﬁiﬂ&ﬂﬂﬂﬂtﬂﬂ&lt!l

= LERA - the Dinvelopmint Apency for Barina Bay,
T 0y — O 1

= Peppared magier plan for leed & walor sciiefen
L A A O E R et 3 B

* Cprordieates. planning B vrarruriuee
Calt ottt A L]
i T S50 Y T

= B1E ark L Ralid b
LR

= P werndy &
B

» Markety & place manage the dstrict
MEES T Ra
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Planning a sustainable Live-Work-Play Environment e e, TiF. GatakE

Common Services Tunnels

HESEE
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Traditional Design of Infrastructure Services M #Eakat

1

Semveces Babd wnder the roadside verges of

cams L reg A rriapEan
AR R W T

T oed lEEing A just causes trafh delims, bt
atuo afects the fmage of 1ke are
AR R . R TR

Using Innovative Infrastructure & Systems £ FH £/ 57 A6t 24 5
= Common Senices Tunnel [CST) HE §ig
R '-'\-—r b ek

0w shite of The ik ind st e & oaervices:
o Rl g
& Cosnimion S ivees Tanned [{5T)
Bk
& Didric] ool Syvlem
HEL RS
& Pieuratl Relfuse Comaryancs Spsiem
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Benefits of the CST sl ¥ i (147 Mg

# Minimal traffic disruption  ERILS @010
# A better urban environment 280

# Mare reliable services 00 05 06 SRR T e
# Shorter services laying time &7 ¥ 97 28 iz ey 1
# Optimisation of land EA R

* Reduction of road reserve width (maore land for development)
AR N W R R A

* Integraticn of ancillary structures with developments

P D M L L) o S —

Utilities in the Common Services Tunnel 3t [a] 7818 P4 115 &%

Sorsicm bn C5T:

PR A R

v o cabien
Bl ]

Televia

HingE

w okl Wiler plgen
LR T

s Memaier pipen
ElmiE

B ¢ D Colveg Puses
REET

= Preecrrotar retos oolies bon pepes | Lubure)
T TELE T T TR

Fuhusicas:

s H

& i e
HETR L

i D poids
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Common Services Tunnel £%

Common Services Tunnel FEEhHE
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Cummun Services Tunnel in Marina Bay to date #% H il (%6

% . wmmﬁhﬁ#ﬁﬁ
7 ’ T St * Implementagion in 4 Phases
J Al WE
-5' ; -Completed & inoperaton; Prases 1,2 & A
! [atouat dem |

i HES: 1. 3. 3AR CRaLm)

= fust oerpiebed - Phase 2B daboul § Tkm)
BT s B3 (871 Tem

= Fietore - P 4
I 4

= Girwriirend nas s dver S5 1 BilRon G 1he
slrasl sl ure works ingl, Gofsulaney slastes,
BECHNIE (EfHEER S nNEEL

e

* Average ool of C5T conslructaon;: 55200 per lom,
FEHEN- S2EMERT

Implementation of the CST at Marina Bay 5] 1518 i) ¥
- Key Considerations B %4 I

(1) Land Use Considerations Ffl 1% &

* Wimring Bayls o Greenheld deaiapment
2 2 R T

& PRanang up bo détalled Master Mannisg [indvidual land pascelation]
LT R T

= Firm plam of underpround developmest whch wil imgact C57 dedgn & planning
B o R A o e

= drea with blgh PR deraly for commescls developments
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Design to Integrate Ancillary Structures with Development — CST Vent Shaft
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Challenges met during Construction i T i# ¥ i $f () $

4, Water Ingres the ps
8% 0

ss from the p-e?rﬁe_a_b?e_r_ulalmed san:".l-ii:'g;.u_r
o S

Water ingracss theough the chestpibes
_E
Challenges met during Construction i T35 i #4 ') R

5. Obstruction by existing sorvices
R ]

-133 -



PN AR B SCRS SDEEE Ste E TH R SR

Operation & Maintenance (O&M) of
the tunnels

TR

S134-



BN IR R B PSSR S & T R SR
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Abstract: Taiwan 18 located at the junction of the Eurasia plate and the Philippine Sea
plate. It belongs to the Pacific Rim earthquake zone and has frequent earthquakes. The
traffic facilities are threatened by strong earthquakes. Earthquake disasters at Taiwan and
abroad for decades have shown that the impact of earthquake disasters on society and
economic losses 1s quite serious and far-reaching, far exceeding other natural disasters. In
addition, the global extreme climate brings heavy rain, a complex chain of natural disasters
that cause floods, mud flow, and landslides. Moreover, strong earthquakes threaten
people's lives, property, and bridges, and indirectly affect national competitiveness.

In view of the fact that disasters are always forgotten, CECI has established the "Disaster
Prevention Engineering Technology Maintenance Center" (referred to as the Disaster
Prevention Center) with the "Know the risk, be prepared" to comply with the natural
disaster prevention thinking. Bridges are not only the life-saving infrastructure and
economic lifeline, but also an important part of disaster prevention road systems.
Therefore, GIS technology is used to develop the “Highway Bridge Disaster
Management Platform”™ . This disaster management platform has collected information
such as basic bridge database, disaster prevention resource database, natural environment
database, social economic database, terrain database, and aerial image database, which
keywords can be used to search for bridge information by conditions such as span,
completion year, etc. to assist decision support. In addition, the bridge quick-screening
function 1s mainly used of the bridge's fragility curve and hazard curve, and its importance,
to carry out quick-screening operations. The importance of weight can be calculated based
on the basic data of the existing bridge management system using GIS technology, and
then the quick-screening operation can be used for the bridge management unit to select
dangerous and old bridges under the huge number of bridges, and carry out hierarchical
management, providing the reference of priority focusing and the next stage detailed
assessment and reinforcement for each bridge management unit. When the dangerous and
old bridges are retrofitted and strengthened, they can improve their resilience and reduce
disaster losses to ensure the safety of the people and create a sustainable living
environment..

Keywords: Highway Bridge Disaster Management Platform, Hazard Curve, Fragility Curve, Quick-screening
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My Peak Cloud” - A Integrated Visualization Cloud Platform

For Slope Hazard Life-Cycle Preventation and Monitoring Services

s 1
e & TRPHEMR AR A E] ER 8 TR MR AR A ]

TS

MFERERT SRS EAE - 1Y Bot S E R a " 2 TIRE
BT IEEAEEER 2 B Rd " EREREEBUM Open Data K2 "fi
R Pt BRI - 7Y GIS K 3D REHEERIR » SEA B ESR E 44
il > o 1R EAR o R S AR SO e o A5 EE Open Data Bl
FEZUEEOHE R RS ER - ] POt R TR E R AR

A AR - Yot ePEER F={EAERHE o EA A
TrIH R A R 2 B R R B RTERE 4D BhREEEN - Jhe AN [EHE R A
[88 (o SRS A TR SR PR S M S 2 22 y{RRE -

BE S - BZHhSEEE ~ BEMI ~ GIS ~ Open Data ~ EifF6 ~ &L ~ 8 drEHA
" My Peak Cloud” - A Integrated Visualization Cloud Platform For Slope Hazard
Life-Cycle Preventation and Monitoring Services

C.H. Wang Edmond Lai

DHTech Engineering Consultant CO.,Ltd. DHTech Engineering Consultant CO.,Ltd.

Abstract: Under the recent influence of increasing intensity and frequency of rainfall and earthquake events,
the slope failure events became one of the major hazards that produces major impact to human society.

‘My Peak Cloud’  service incorporates government Open Data to provide macro scale environmental
information, and to establish the service the slope hazard monitoring. In order to provide sufficient visualized
slope monitoring information, a 3-dimensional (3D) slope model is established for each individual project
with underground monitoring information. The 3D model can also demonstrate data variation with various
time step to form a 4D (3D plus time) model. Combining with other data visualization provided by My

Peak Cloud’ , it can support various user before, during, and after the slope hazard event.
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Effect of Pozzolans on the Pore Structure and Resistance to Chloride Penetration of
Cement-based Materials

Hui-Mi Hsu' Sao-Jeng Chao” An Cheng’ Wei-Ting Lin‘ Kai-Hsun Chang’

' Department of Civil Engineering, National Yilan University, Yilan 260, Taiwan
* Department of Civil Engineering, National Yilan University, Yilan 260, Taiwan
* Department of Civil Engineering, National Yilan University, Yilan 260, Taiwan
‘ Department of Civil Engineering, National Yilan University, Yilan 260, Taiwan

* Department of Civil Engineering, National Yilan University, Yilan 260, Taiwan

Abstract

The present research aimed to study the effect of natural pozzolans on the chloride permeability and pore structure
of mortars. Ordinary Portland cement was used and three mortars preparations were made by incorporating natural
pozzolans (fly ash, slag and silica fume) at a rate of 10, 20 and 30% by weight of Ordinary Portland cement. The pore
structure and the charge passed of cement-based materials were measured with the mercury intrusion porosimetry (MIP)
method and the rapid chloride permeability test (RCPT), respectively. The results obtained indicate that, substituting slag
for Ordinary Portland cement with a level 30% gives highest strength and densest pore structure comparable to those
obtained with Ordinary Portland cement alone. It is concluded that natural pozzolans in mortars significantly reduces
pore structure depending on the cement replacement level, thus promoting green construction and sustainable

development.

Key words: Pozzolanic Material, Resistance to chloride penetration, Mercury injection pores
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1995 4= ACI 318-95 #&iEL ASTM C618-12"4f ME M EHEF AR 2 S BT
HHORSE 1 AT S FFA IR iy IEE MERM L (Pozzolans) » W /KR R iBEGE#1
FH(Cementitious material) « —f&TI S > MMEREM RO DUER SRS IVEEME - FRE/K
B8 ~ BB ESNEFLRR ~ B TIEM: - IRE TSR KN A - HRRFEHH
FKR/KIEREEY 2 iEmE - EfEa s/ bin - S8 - f8LhE  H
THAE FoB RAMHIRRER IR EE T SRR IE » TR fE R iE ikt SRR
FLIE - 315 > MERMBZFIRAEKREE MG THEERE M E » HEHTH#EE
FEEFRIR S H A RIEFA S o AREREN D 2 KR E - 327 E+
ZVERE > MEROREET-GEREY) 2 AarERH o MEREMBHEBEACRS ZitEyE 84 ~
TEE S IER » P EBEHFES BN /KNEEALES - W4 C-S-H BEE - FHLURAETIE
FFLIE > HEMI ISR » KEH MERMRIEA R HREE - 2 I A A IR

I -

KR E By IR 2 fLMEE SR » Fra Z FLBE RS RIGARAEAHE - B
BT PRI ZKERDAEIN » TR Ryt Bl T (il o B2 > (ETLBRESEIASE > S
FLIE RST RV IN X7y Rt B F LI (Compaction Pore) ~ 8 fLI (Entrained Air) ~ B4HFL
f& (Capillary Pore) ~ FEBEFLIR(Gel Pore)"” » HZm B A EE T2 A6 7 > BLR R B
T BYHFLIEAY R A IR NS > 22 R 2 oK 5 KRR AL 5 P
A EHilg 2 F8 > SNREEWEIRLUK G B8 i AKErHEd » &R
R ~ MAME > ARSI AR > B ET T RESFKE T
TKA (S ~ BAR S A 2 /KA (i ~ R A S B TR FE H K (o 2 12 8
2T > B R T B RF LIRSS RE T A E A RIIEFLIR R ST ~ RS R
SRR R T B S R (A PERE o T fcdE Neville STBRFT/R » LA 100nm A5—
Sy 5REE > 100nm BLR 22 BRESFLFR(Gel Porosity) T BEEHF R ET-4E JAHRE > K2 0 1
JBR 8 P LR &5 2 Bl A - B2 A B4 FLIR I (Capillary Porosity) > #8 FALSER » £82
& MERMRHAZKEEAM FLISAERS ~ DT &8 T-5E 1 Kb BR v FE AR A 1 Ry AN 98 2 B2
BE > BpFELLE RIS ERA N EE TR L -
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6F10 0.9 0.1 0 0
6F20 0.8 0.2 0 0
6F30 0.7 0.3 0 0
6G10 06 0.9 0 0.1 0
6G20 0.8 0 0.2 0
6G30 0.7 0 0.3 0
6S10 0.9 0 0 0.1
6S20 0.8 0 0 0.2
6530 0.7 0 0 0.3
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o IEE R AR S A T INB IR ZAFRE M - BEEEFLIRESS W MER
M ERKBEE BE— MERAET > A EEEFIZAR/KE &R T EhcE 2=
B DUEOEREEZ MERRINN T - EERUKRRELE 30%HFF > HITBRT R &
RelB 2 Gi Bl > AlHEEmH(E/KEBEE TS > DUEA 30% U UKERZEIE R MERER
iz e

100

Compressive strength (MPa)

40PM 4F10 4F20 4F30 4G10 4G20 4G30 4S10 4S20 4S30
Mix No.

Bl KJERDEE Z HUBRSRE (w/b=0.4)

%3 KT WEEUERRIE (w/b=0.4 - BEf * MPa)

Age(days)

Mix No. 2 %
40PM 57.44 66.43
4F10 60.44 60.89
4F20 64.29 65.53
4F30 68.81 72.11
4G10 56.6 57.75
4G20 72.34 72.55
4G30 73.96 76.55

4510 58.87 62.1
4520 58.13 63.57
4530 66.54 71.91

-296 -



SN BB AR BT S PSS S T & T R R

100

Compressive strength (MPa)

60PM 6F10 6F20 6F30 6G10 6G20 6G30 6S10 6S20 6S30
Mix No.

&2 ZKIEhbEEZ BB TR (w/b=0.6)

%4 IKRWEEZ WOBEGUBRSRE (w/b=0.6 > B * MPa)

Age(days)

Mix No. 2 %
60OPM 474 49.77
6F10 46.77 53.64
6F20 42.22 49.24
6F30 40.2 41.75

6G10 57.1 59.1
6G20 59.68 60.81
6G30 66.89 67.36
6S10 48.7 52.09
6520 50.82 55.38
6S30 47.46 56.37

2 MAMEERER

(1) P& 27E50ERCPT)

AEUER iR ASTM C1202 #R7E#ETT » DABSHA 28 B 56 K( ¢ 10x5cm) < [EFE
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e
fE

PR HETT o EBRAS SR E R T ¥ RCPT B S T i B B S RER 5)
34 K6~ RT3 0.4 ~ 0.6 KIBEEZ slBRdt R - (EaBRaE R P aA - LUK
JerbEEE TR - HAESERETE > AT SRR e AR e R - EE
SesBad ARt FHL AR T & o (HAI IR - UKBBEET - Hbek
TRIERE TN EUKIBEE R > kS EslBalie I3 - HAl iR 721288178
wn - SR HAE S DUEGHAUKER B ERGEBERER(K > LIRS B
2% > HESUKBLE T - BREREET2E - IWEr rEm RO ER MEER
DA A S AL ORI E EE B A EURUKE FH B EEEL T - HoAE 30%
U - HPIEBET2BRE TR E -

%5 ASTM C1202 Z &l T e mid Eah R

F TR ~TE (Coulomb) ST RER

>4000 =
2000-4000 rh
1000-2000 {6
100-1000 VETL[aN

<100 it

Age
[ ] 28Days
12000 —

1.025E+004
9982

o 8000 —
g
o
—
g 6235
©) _
4000 —-1eh
Middlg
Low
285.4
Rare 5221»7 1401.198
0 f? ==

40PM 4F10 4F20 4F30 4G10 4G20 4G30 4S10 4S20 4S30
Mix No.

&3 KR TR EEE T2 AR (w/b=0.4)
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* 6 JKRMEZ PR EEET 25 (w/b=0.4 - B{I * Coulomb)

Age(days)
Mix No. 2 %
40PM 9982 8836
4F10 6235 4513
4F20 5185 2099
4F30 3768 1353
4G10 824 711
4G20 285 222
4G30 141 118
4510 10249 6400
4520 6543 4392
4530 4631 3731
12000 —
E 8000 —
4000 —- e
Middle
Low

60PM 6F10 6F20 6F30 6G10 6G20 6G30 6S10 6S20 6S30
Mix No.

B4 IKIERb A TR EEE T2 (w/b=0.6)
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= 7 KW Z RS 21E% (wh=0.6 > Efir © Coulomb)

Age(days)
Mix No. 2 %
60OPM
6F10 -- --
6F20 -- 10287
6F30 -- 7083
6G10 2610 2323
6G20 892 792
6G30 162 122
6S10
6520 -- --
6S30 10536 7990

3 PEMEEER

(1) BEZRALIEENEERMIP)

{8 ASTM D4404 FREHETT » DIUESHA 28 K 56 K slia e Tty - (akbarhny
BFRIEEENE Z FLEE AR > E— P E T B B RS 7L (Gel Porosity) ~ E4HFLIE
(Capillary Porosity) sz 48 L5 AGTE(Total Porosity) » H &8 fL s HGHE HaG B EEN
ZFLBRRERE > B R mlg > 2 HIBRS IR AFLIEFTTERL - BB FLIR I H e RS IS
TEE M B M - HAFLPR B R<100nm > i EAHFLIE R A dlaliesars - HILRmE
&>100nm °

LL 0.4 ~ 0.6 /KEBLL » A EIELHI S AE 2 MEEMBHEUREMS ZKER & » PRETHE
HORSTETLIR - IBRSFLIE M BfLIR - P8 MEBRM B KRR EM R Z 52
2 . HERst R 28 RFLIREAAAE S5 BifE 6 ~ FLER 3 fisnEl 7 BlE 8 ~ BEFEFLIR
EE 9 BlfE 10 FEHCTR 8 K3 9 5 56 RFLFREAFAE 11 BllE 12 ~ FLBR s figiiE 13
B 14 ~ RFEFLREA0E 15 BllE 16 $EECFR 10 K37 11 fFEE/KBIET » HEERTL
P B/ INA S /KB ECAH A - MBS E RIS R - HALFLIRRERENE 28D - & ME
JEARHE R > DL 30%0E G AU /KE 28 AR PEERmHEsm Feal B8 N E6 2 C-S-
H RS SEBIEAFLIR AT EL > BRGNS EIRRT - Sfaslis 2 4558 7
FER/KEBEE T » 30%E G U/KER & » Hilig - fLisgEf/) -
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Cumulative Pore Volume (mL/g)

Cumulative Pore Volume (mL/g)

0.08

0.06

0.04

0.02

[ ] GelPorosity
I C:poillary Porosity
_ . 0.06979
BN Total Porosity
0.06488
0.06242
0.05752 0.05719
0.05676 0.056
0.05161
_ 0.04974. 0.05023
0.04841 0.04761
0.04624
0.04504
0.03879
0.03292
_ 0.02956
0.0256 0.02593
0.02226
.01956
101738 [ 01727
0.01052
007599 JRD07783
D05574 DOS868
I I 01955 03676

40PM 4F10 4F20 4F30 4G10 4G20 4G30 4S10 4S20 4S30
Mix No.

DT FLIS R (28 Days > w/b=0.4)

L/ 7R

&S 7KIJEl

0.12

0.08 —

0.04 —

[ ] Gel Porosity
_ Capaillary Porosity
I Total Porosity

0.09132
0.07916
0.0777 0.07753
0.07383 0735
007208 0.07223 007147 0.07358
0.0659 0.06702
0.06029 0.06047
oostoall 003414 0.0554
' 0.05088
0.0459
0.04069
01749 orsis
01345
0.01179 1163
po6926 b06228 [MD06431 h06431

60PM 6F10 6F20 6F30 6G10 6G20 6G30 6S10 6S20 6S30
Mix No.

&6 ZKIJEWbEE > FLIZEE (28 Days » w/b=0.6)
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Incremental Pore Volume (mL/g)

Incremental Pore Volume (mL/g)

0.006

W/C=0.4,28 Days
40PM

0.004 —

0.002 —

1 10 100 1000 10000 100000
Pore Radius (nm)

&7 AJERbEEZ FLIE 3 i(28 Days » w/b=0.4)

0.008

W/C=0.6,28 Days
60PM

0.006 —|

0.004 —

0.002 —

1 10 100 1000 10000 100000
Pore Radius (nm)

&8 KIJEbEE >~ FLIE 57 7(28 Days » w/b=0.6)
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Cumulative Pore Volume (mL/g)

Cumulative Pore Volume (mL/g)

o

=]

=
\

0.02 —|

W/C=0.4,28 Days
40PM

——
—S— 4F10
-
—O—

100000 10000

fEl9

TKIEWbHE 2 BFEFLFS (28 Days » w/b=0.4)

1000 100 10
Pore Diameter (nm)

o
1=y
15N

\

e

=3

S
\

e
=y
2

\

W/C=0.6,28 Days

100000 10000

[&l10

JKIERDEE > BFEFLIE (28 Days » w/b=0.6)

1000 100 10
Pore Diameter (nm)
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%8 JKEDEE 28 ReLFERH(R (w/b=0.4 - B{I  ml/g)

Mix No. Gel Porosity Capillary Porosity Total Porosity
40PM 0.0105 0.0462 0.0568
4F10 0.0076 0.0484 0.0560
4F20 0.0078 0.0497 0.0575
4F30 0.0056 0.0516 0.0572
4G10 0.0059 0.0329 0.0388
4G20 0.0040 0.0256 0.0296
4G30 0.0037 0.0223 0.0259
4510 0.0174 0.0450 0.0624
4520 0.0173 0.0476 0.0649
4530 0.0196 0.0502 0.0698

%9 JKERDEE 28 RILPERE(R (w/b=0.6 * BfI © ml/g)

Mix No. Gel Porosity Capillary Porosity Total Porosity
60PM 0.0118 0.0603 0.0721
6F10 0.0069 0.0722 0.0792
6F20 0.0175 0.0738 0.0913
6F30 0.0062 0.0715 0.0777
6G10 0.0064 0.0540 0.0605
6G20 0.0134 0.0407 0.0541
6G30 0.0064 0.0459 0.0523
6S10 0.0116 0.0659 0.0775
6S20 0.0182 0.0554 0.0736

6S30 0.0161 0.0509 0.0670
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Cumulative Pore Volume (mL/g)

Cumulative Pore Volume (mL/g)

0.08

0.06

0.04

0.02

0.16

0.12

0.08

0.04

[ ] Gel Porosity
I C:paillary Porosity
- I Total Porosity

0.05976

0.05737

0.05372  0.05383

0.05242

0.04696 0.0463 04611

0.04229
0.04101

0.02522

0.02077

40PM 4F10 4F20 4F30 4G10 4G20 4G30 4S10 4S20 4S30
Mix No.

E11 AT FLIEER (5(56 Days » w/b=0.4)

[ ] GelPorosity
I C-pqillary Porosity
- I Total Porosity

0.1148

— 0.09868

0.09141 0.08953 0.08906

0.07826

0.07058

0.06914

0.06195

0.05864 0.05693

60PM 6F10 6F20 6F30 6G10 6G20 6G30 6S10 6S20 6S30
Mix No.

[B12  ZKIJEhbaE >~ FLIE % (56 Days » w/b=0.6)
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0.006

W/C=0.4,56 Days

0.004 —

0.002 —

Incremental Pore Volume (mL/g)

1 10 100 1000 10000 100000
Pore Radius (nm)

13 ZKJehhEEZ FLIE 53 ffi(56 Days » w/b=0.4)

0.008
W/C=0.6,56 Days
—}— 60PM

. 0.006 — 4@7
—
g
P 4
£
=
=}
>
o 0.004 —
(=}
(=
E
=1 -
Q
£
5
=]
= 0.002 —

0 —

1 10 100 1000 10000 100000

Pore Radius (nm)

14 ZKJEhbdE > FLFR 57 (56 Days » w/b=0.6)
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Cumulative Pore Volume (mL/g)

Cumulative Pore Volume (mL/g)

0.05
W/C=0.4,56 Days
4 —+— 4opm
—&— 4F10
0.04 - ——
0.03 —
0.02 —
0.01 —
0 — [T T
100000 10000 1000 100 10

Pore Diameter (nm)

& 15 7KJeibdEz BREFLIR(56 Days > w/b=0.4)

0.12

W/C=0.6,56 Days
—f—— 6oPM
1 —— 610
o
4@7
0.08 —
0.04 —
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% 10 JKRRbEE 56 RILISERE (R (w/b=0.4 > BAL * ml/g)

Mix No. Gel Porosity Capillary Porosity Total Porosity
40PM 0.0047 0.0423 0.0470
4F10 0.0059 0.0408 0.0467
4F20 0.0076 0.0461 0.0537
4F30 0.0069 0.0469 0.0538
4G10 0.0086 0.0324 0.0410
4G20 0.0049 0.0203 0.0252
4G30 0.0034 0.0174 0.0208
4510 0.0159 0.0438 0.0598
4520 0.0165 0.0409 0.0574
4530 0.0187 0.0337 0.0524

= 11 KJehbEE 56 RFLFSERH (R (w/b=0.6 > BE{L * ml/g)

Mix No. Gel Porosity Capillary Porosity Total Porosity
60PM 0.0162 0.0987 0.1148
6F10 0.0068 0.0715 0.0783
6F20 0.0155 0.0759 0.0914
6F30 0.0143 0.0753 0.0895
6G10 0.0064 0.0627 0.0691
6G20 0.0102 0.0484 0.0586
6G30 0.0078 0.0813 0.0891
6S10 0.0085 0.0621 0.0706
6S20 0.0126 0.0443 0.0569

6S30 0.0174 0.0445 0.0620
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ASTM C618, “Standard Specifications for Coal Fly Ash and Raw or Calcined Natural Pozzolan for
Use in Concrete” , Annual book of ASTM Standard, 2008.

T.C. Power, “The Physical Structure of Portland Cement Paste, in The Chemistry of Cements”
Acad. Press, London, Volume 1, 1964, P.391 - 416.

AM Neville » “properties of concrete” » Pearson Education Limited » Harlow » 1995.
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Construction and Building Materials, Volume 134, 1 March 2017, P. 262-268.
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[Ref.: 2015, =4 Printing for Scientific & Cultural Heritage Collections, Richard J. Urban,
Ph.D.])
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(2)Asinou Church In Cyprus
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Joannidesa ~ A. Agapioua and D.G. Hadjimitsisa > The Methodology Of Documenting
Cultural Heritage Sites Using Photogrammetry, UAV And =4 Printing Techniques:The
Case Study Of Asinou Church In Cyprus » Third International Conference on Remote Sensing
and Geoinformation of the Environment (RSCy2015)
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(RSCy2015)

4. 30 Wonders of the World 3D Printed » Thingiverse * https://all 3Dp.com

5. 2014 » RET - JFORHESUNZPHY © Z4EFIEI+ B pleEdidiis MY B (EH,
BREEANT 7 HE

2346 -



SN BB AR BT S PSS S T & T R R

21th L& 3D FIENFHEELER R AE TR E < IR AE A A A

& 3D FEN AR E R BE B RAE < B RE I A
Constructing a Competency Model and Competency-Based Program
for Principle and Operation of Culture Heritage 3D Printing

R B SR LR FOEIEC BRI RRP 4
BRADRE " - EbfligE
1+ HERHER S 2 S B S~ 2 IR RE SE £ 3 1 AR
K4 SHFIEERAR - 5 HEEEERNAE

o

WREE SR B Bl s e e 5 AR 2 — » HFEFEIELH ADDIE SRV EERE
T LA R PEESEE RO (Analysis) ~ 2RFEEEET(Design) ~ sRFZEEE
(Develop) ~ sRIEH T(Implement) £ & 251k (Evaluate) Y BB A2 58 I B 7E ZE 7R SR %
R4S G 2 BREERRAZ I8 DA A 311K

AIHFRESALE U EE EE#EE) - DASCE 3D FIENR BRI E S RREE AR - Wt
H =N EFERF SRR )RR - EXEEAMEERER R ~ =4E51H]
BUALEEBEFEENE - SIS  IHEERANARERE T 2B AT
B EZE AR ~ I SCE 3D FIEHIA M EfESR ~ FIHIE RS0 3D B8
RIS =T > DI e 2358 5 B E H S0 3D FIEIEA 7 JIEk A RE - A&
B D FIENAA TR » mEEBEARE Z TIEHIERET > EimemERER I X
FhEtEr > (058 3D HIEIAHRE TIE -

[Ge A © =SB ~ BREARAR - BRAEISTY

-347 -



557N R R e A SE PSR A A T o T AR

—~HIE

BEE A B AR R RS s R B > RHE R R U BB E R BB E 2
HYHIEREL T B - JE4E5K > 3D fefiiiioi S L& E 2 FER 2. H ;@% i o NMEFERTY
FHEEBUELE > 1A %ﬂ*lﬁt~mﬁﬁ§§if SSCIEERE R LD A 3D FIENFLT -
] DUE— I i B TR S CE R AR EE -
AERIERE " SC& 3D §UEDF FERE |, b —F9  #REEGEE " ULEEEE
THIAAEEEETE R TS0E 3D YVIEIEREFE 5 (105/08/01-106/12/31) 0 K
HALL T30& 3D HIEIFER | BitE T o HHE) 3 PIERMRERE > o5l TX&
U BAEE |~ T 3CE 3D FIENFEEEEHRE | R T SCERBEBRRAFSIED | %Eﬁi
AR LB RS OB 2 PIRRIZAE & 0 &l 5 PIRRERL T 3C& 3D %1H]
JEFEERE > HE] T S0& 3D FIENFEEEIE | W S8 e e E Rl - A
HEBREN SR EREHEEERS M rEE > RS REEEREn - FE
PR Ry RS Erre BRIV B - ARGt EHEWAERITRIE BRI EE - K2
SHAEEEMS HBZST%E??QEJ@E 3D @JEFJT B S E A R

PEES » SCEA T 5 | Al R AR S AE Rl I - BAER M IE SRR
?Eﬁiﬁ,ﬁi{ﬁéa@ft{ézttﬁ A R RIHTER -

> SURRIEIRE

R EEZE BT - iICAP BEEREIEAFE (http://icap.wda.gov.tw) > FEEZE
[FERIR SIS (103 45 8 A) - WA E = B I2R0RE S > (kI8 ADDIE #5255
A > RIFTEEAY 7 M (Analysis) ~ 851 (Design) ~ #E(Development) ~ &
(Implementation) ~ #F{f(Evaluation) 7L AT [ EF4H > 1 A1 2 EEBFESK A1 MATAL -
(DFTHT © SSFRAERARIE BEE - oA E EET K > WA B EASIIREE R
e B éﬂ‘ﬁ}ji Al FEAIE IR BE B SK T - HETE 24 MERVERIEHNE - AT
ERZER T RREEAE N TERIEHNE | 5K 2 TEEXIEIE -
(&gt J%Eﬁ{%uﬁﬂcﬁzﬁﬁﬂﬁé\?ﬁ‘rék » FEAIERREBLTR KM » Bt &EEEE
BRERE > WKL BERAEREANE - AFSEER " HE/AIERE ) & THREA
K F ) THEEE -
(Q)FEfE  MERE FISKBE - HERARE  REMEENEEITE  DRERES
BB B ET - RIGEER "B IA ) R T BMEEEER ) £ 2 THE
%I
GEN - EEPTIRER  [ERGEESEEEREE DR ENEE
B o APEEREERL T ERIEREE | KR -
OVl © FtEREFIRRCRATEENE - FERG T A B AR E T2 0 Wit EEEE R
TR HE—EE R TS %ﬁé BRI R o DR R AR
HIE RS ER - APSEYER "R E - T EEN S ) & TR &3
THFILFERE -
AR SR IA BAR R TAER A T RATR

2348 -



PN AR B S R ST & T R SR

%1 H%an%* LR IEER AR

A (1] . ¥ s AL HAR
1 T M A SR R Pl JI M AT
M= i LANRBEILSR ) mne L& - E
BaRESHET-A 1 EHRMSE P RARES
PN BHMEEE rH MHE S HnaT -
sl | LY | [ AL
13 oAk 6 T - F1-3 51 M Be id 4
wuengi e | | — :
- T SRR AR - Pl sk K
1-4 MIEH AR R

1 o Rk

& LB R A P15 e MK
L R ]*H-'Fi--'#&'

WA= s e 71 ] LN - FARRRE F21 nitfumaﬁ;
S EE vk !-l.'{ﬂ.#.f’?l'l!'.:ld- MBSl Ry
P P otk B S Fa2 maAE A
“_".'_IE'.F_’E# | P R L R
at l ].mﬂ-:n:-,fﬁrtu B 1A F3-1 KPHikmBA
S s wpkess | wg gewE T
::ﬁ:ﬁ'#‘:*«ﬁ#ﬂ [_ ]| Hll Hﬁi‘! o F3.2 LR
TARHARSTA ) e wm - W &
1 § i WMl - £ TN M Fa-1 R I it A
-..._.E.'.’F!‘.“ j 4
ET L EE T
e
. (RHSAHENL - R ST F5 SULEHER
{ #i#ii J &EWE - 1A
[ ] s PYBRBEREEN 10 F52 @B S8 &R
BRE - 4 “‘““‘” |dmeEREn- 0O Mk @
AP REEACEP T AN F5) CHbitaAMn
HEHA DML r.mnummu,] RuELRY - B4

W

FOUR ¢ WA E R S 5 |
= ~T3C& 3D FIENFEM | AR AEARAY

REAEEGABCSUEE ETT T OB S B OR T B B E R RO B &kt
EHE S IR oS 2 PIERAE - Shat 5 PTRRIERKAL T 50& 3D FIEIERIEAE | -

-349 -



SN R e b RS S EESEIAE S T TERR SCUEE

ClEE ENSHAET WiTHUSFASEIDHEHEGE CHEENEE
B ERTHSREE _NHE T SNETRRENIDRIEEEZ
e, mR - ERRENER NS - R T M2 NS
1. FRIEREE R PE - SR RN R PO R
ol fEA R -
2. EHCT RS EEM - 30RO ST E AR BN - W R
ik

I "30& 3D SIENEM SR | BRER KR EIE

Rt EFIEEATREE T RARE R | e Res - T AT ak ) B
TEE ARG ) F o S RIA MR

(DARARTEHERE © EEEEGTRAARAY AT oy Ry sf K ae S iggs - B b= e
[FIRAR KA RIS AR PITRELAR » W 2R T bR T /DR (EREM 2R A0 - Herfdt B2
FEFETTIESE - eBAYZ NG ~ R - 0 - Bl R - TRV - D
K NEFEMAIREM BTk - faEfE2R R BB IIRE TS| ~ BRI g FREae
{REITHRERVEUE AT ~ BRAMEIIEVINEMR (0—F=FF ~ SHEF) RAABRTARL -
EEAVER KRS - ERHEELEEBREEENR - BRTMEEERRER
FEHE G - s FSAR B R RS ARAVMERER N - n LS e Bl AR E /DR
PEELEAHI R ECR YR INRE - B/ R B BT DASATS (B F % AL TH 2 SRAHE
i o _EA PRSI R AR RS B R S o A BRI TR R RN TR Y
HEEME > HNFERRKZERER - M8 NEAMEEE (R EH —ERENT

st
= He °

-350-



SN R e b RS S EESEIAE S T TERR SCUEE

Tonll
u-'.l.. it
L8] |
E'.- 2 . L |
E:i'l . : L
T, Agm W ]
] o L S I
KR bt | Aot
Fo& X — i -
Lea N - N
e o Bl R
T il oY
=Y Fa i, ';..h ) 1'"\1.‘
e o S &% M
(Y t L] w ol 1
.r". 1_'21# T ] e
L5 -y
a B .-:_ = [ j: 5 Tr4
. T -
" - 4 - 1
g "
LN -'-'"-.
e
:uH o T
~aedd i OTT
T i ‘._\_l- ]

2 DRI ) REIE

Qi RE « HFER/E - RERVEIE EEY > ZEEE s s0 - B
MO ZIEE - SNE E RSN - IR ARG E ARG Sn
72 1910 48 > 2 1997 FE4EE Ry € dr B AT ACRE 2 208 T~ - (&R B b el F (A = P
A EEESEN - HINEBEUR e 2 EiHEEE - B mamHtEEaR - KI6
IRERZET 24 (][] 2

EEL F Ha !

3 THmEEEEERE ) REE

Q)AL - AR ER TFIPIERT - FAHIE TR - R R - FAE R

-351-



557N R R e RS S PSR A T o T SR

AN - EBHEEE - FIEETaeR - BIERE K 22 0 PREE U - B M i > 5]
FRORHT ~ DEIZE - REERHE - BRI SE > DRI - TEEOMLL
srffEfoRRER AR ~ Nt & E R I A EEE Y REB R Z P2t
T B ERmEND > USSR A Y - SRR > %
FEAAEBRINR > Mol aRit E - BERIREE TG - TR WM A (C Sl #ee

%~ BHEE > BIRHEILZ N EEGREREE B REI VA - BN B AR S A AGSHT -

e
+ 3 i N
Pl - i
¥ 2 &
L ]
L ——
.

& 4 "TALTAER ) REE

HEE HEREREE - Bl e EZR TR FESEZ T AEE > 25E
LRt EEP AR MEF L > B0 =M ek VSR > B=)IIWFT - 320 - K
HELIERGHRE - BF ~ S ~ KEREAREEAEVEET - AN ymz 1t - L& -~ A
[~ REREIR A TESRATRER - IVEFTE - IREITAEAEEL] - SMERTTHA &
RUKETT 2 A e VR s S P I B .

-352 -



557N R R e RS S PSR A T o T SR

& 5 "EEEEEREE ) REE

M9 ~ T 3C& 3D S EIREHEEERE | BREETE Kot

(B KM
1. BxA 3D FIHIER S L EE R EEIR 26
3D FNENFAMT A R PRAF R SE S B T B A EEER » B R X EE M
Pk IS L) W SR TH 2 SSHVRESE - AR e T R SR AL IR AR o
BEZE 3D FIEIHL i fE A& R R ETHERE - R MRS B E TI/EER%AFIH 3D
FIEEE 3D frftfetly » (EMERCR R RS TRESERIAE 0 NMEBE T XY > ik
HASUEEDMER - EFEIRECEIEFH 3D FIEIRA e e R - & iEdln
NEEABESCYaYRTE N i Irismi - BuBRE - @EENETE  REW

HUAHER &R - B E R 3D A - F4EH 3D FIENRGr e B EZIH: - FolnE
BIRFIREE T 2% - MNMERASY) - R AR 2B R ~ dE
£ (HA A EFIHYE ¢ 3D FIHIEREA R R A5 T ~ SOV B S SR Al DYy
BRI 4 - BEE 3D FIENEGlaHY G - S5 a IRt BRI B HR SO 5 1R
GBS EILAE B b6 EME G TE fﬁfﬂlr R BAMTECAT -
3D I EIFE T S MEAR SEI8 R B A N FE e S A FE T Rl
2. 3D FIENEZET K
2013 4F 3D FIEIE{E2E 30 {8357 » YoY(Year of Year)ili £ 36% * Wohlers Associates
INEIR RS TR ARA R R TEST 2020 B R-EE 210 BE7T - HETHEHNE

=

Juf

-353 -



SN BB AR BT S PSS S T & T R R

F(CAGR)(2013~2020)4Y 31% - 3D FIEITHGEE 4 FRE 3 5% » ZeHMAEE SR
FENEE 95 > 5,000 FEITTLLT 2 3D ENRIERGRE M 100% » JHE LR m/E T3
TRE3E ~ REERRANEN  DIsetEF A B o4 B T EEMAEE » 2682 3D
SIENEHE OHE TS « 275300k © 3D FIEIAR RS G EABI R M - SRS

s o7 ARA% 637 #H » 2015 £ 5 H -

3. BINSCEEBIERR KT

RS CE & EMEL RIS - #i2 2017 4 8 A > 2R UtEERE#HZAE
ALEEHE - 55T 2,340 FEEL 1,655 4H - HArb Rt 888 fE o RS EREERT 1.3
33 BR o BEET 13 R FEbkET 45 % 0 SUEREET 61 R HYREET

1,655 4l o YLEMREREE Y 106 4 9 A X FF—ONFERESU BRI T E g - 1
HyeEH @& UbmER (SEIREER) S50 - REVESIE - 6
TR RN SULEEBETEEZRFE » fRSHERICEBETERE T =
T BAENIETRIIE AR s THE - PR GRSIBHE 2 SCEBETRRE R 2 et - #F
BB GT UL RS E E 2 RFHEESE R 2 HEE) - 275 308K © http : // news.
pchome. com. tw/ living/ tssdnews/20170928/index-15065280008332267009.html °

(BB

3D FIEREFE S A I B R B TR AR TS L (LB S
BRSO (LB SRR — LR AT B BT T R
ST 3D FIETREIT 52 | 15 ELBEAR » Sepk e I P AR R s
LR E B G AT + 31 2 6 3D FIENBUE » BETr 3D FIENER R (LR
AL - AR B O - A A B

3D BT AT AR R » 3 oI (AR TR SR B R (L -

HE T (FASHRARCR - B AT R R AT O » DU
TR IR 255k » HIREE 3D FIETREITAES + i TR LU e (e

S RS R T D SR B Tl T AR (A - RN A ey
S TR T A RCR » AT DU RS TRRA -

BB REAE 24 RIS LL » TS BN TR A AR B T% » 1
RANIECHURE ~ DSE ~ 50 ~ DL aE R AT - T B B M (8 R PR
MBRRER  JEST IS ESERIA S - ARG MEGTEAR SRS ERS

B o

(R 3D FIETER ATHR 7 (LA (R R R L TR B R (L E £+ S0

1F BT SR > B8 - AN A SR ek B AErE (L
B B -

()=
BraBIEE - REERCSUBAHSRTATETT 1972 i (Rt Fou g AsEN
&) 2001 i (EFCSUEZERMES ) » #UbEES R N JHRY I FEEE

2354



SN BB AR BT S PSS S T & T R R

Bt G RrA R S E S R B - B CULBEEREE) PRRE 71 F
AR o BRI TIETELAF - 30 REAR R lIFfE R il s, - ERm A+
HSAEEERFLIF - HAEE S e RmAE = IR G R4 - HEZEHAY
G FREIL A BRI ZR A LR R (8 e N SRRl

FZEEEELEL (John Dewey) f5i T SUE H—(E4FHIRTRE - SRR T —FHIM]
o SUEEENFEREIRT ~ 4658 - SHRER - RERNRREENR AT &
PRAE B HESBE TAF » SUESUEE DR 96 S — 2V SUEEE A 5
JIERE - NEERAT ULERE - P UEERE - REMS - SUETBUAHRBHERE
HE - EHZRESHZRBEHE - 2B GHHIRENET - ZIt - AT
BOBUFHE - 200 - REEREFER > DEBESEVREERSELZ > (IG5
M ~ FFIERAE - SRS EE - WSS N B EEH - FELUERESUE
BN > H RHEE HIAVIHVERE -

AR RSB UL B E U b & s e — SRR AL
BrgEtEVE R T BRI AR 3D FIEIRL i 2 9T HASRER - SRIE R
S EARITRD ~ IS ~ S itIER - TR 2 AR MR E AT
o 2 AR E R BRI 2 AT U E RIS - F5t 3D FIIE]
Rl EEE R SRR - e AR EE R > B AR A AT K -

(PO FATH B A SR 2 o

3D FIEHZGAE LY N BAaE A SCRIEEFRP > fe i N FHFERT M E
BEMETIMNRRR M B BEEIR - EFRERFUSA > AR E
B BEHESUEESU B E B SU LR E TS — SUEEESRHE A 5
BatEUE R T HEROREEEUEAY 3D FIENRig 5T ) AR HEREE) - ST
BASEAEBERNGERGEUER{CZIHEERR - HIEEEREAEE S5
&l -

FJUEER TRENEFAHGEHR CBEON S - TR ZERIERTIE B A SURE
(P —ES2FERRSZ AR RETEBERE - BAEBEIFERNIE > 75
RERAIEIERCR - NILPE B bl (B2 » W AN A B X8 E BB
ED AR L » BERUBIE IR - B8 T S0E 3D FIEIFEEBURIE | £
flo - FTERHEFTEREN - S5 - (EH ~ BELER BAETHIEAERCR - SERTEZEATHL
T8t Wi EEEEEAIRERESF KR - SHERERERERRET - 58k
{18 1% B R {F Ry 5% mT N 2 P iz

3D FUENE o fE A SCE B AN BRIE(E L - A% 6 B EEIEabtA =X
ok TIFsuisiE (MR 2% - BUEE " 5C& 3D SIENREBHR(E | {FAHMREESRIE
FHERTEERY

(TR R I [ R 21

-355-



5N RS R B S G T M S

XEIDFIEN BB EEER | fRUXE3DIE | SIENEEE X HIDFIEN
[RIZBLAfF HEFMREIRAE TTEESR WEIDHEEL WEREE R M
CANE 124405 164405

Bl 6 iz

GRBEETERE AT
AR SCE 3D FIENNE AR AR bl TR - S 3D FIEER LR
S L € T -

{mmwm)

Q mairs | EWNE
¥ L]
AuteCad =qp
Frolt Loz 5
Sl vk
30 rAK
Sketehlip
|

X

o
o
; o

e
-metry L per LU ez
P

: ns:n {1—*.}.&;—*&\
[ 7 BEEE E R EE

(O BRRE(F SRR

s b

&E:“L‘!'ﬁiw#il’-"i' oy

e e o8 i i L W

& 8 (L7 1R SR AR A

-356 -



B 7N JE RN 22 R BT S s B A S i R e - R e S e
e - | e
| |
[ ]
i IWERETS LR R
B9 (£F5 2-1E 1 C& 3D BN ETEZE

I(‘L-I..Tf' A R L S

R et Tt a——‘-"

& 10 175 3-FIENBfE 2 S0& 3D B G

f -~ 4w R
AWFeRTEE T & 3D FIENFHEEER(E | MREEHALES B T S R RE R B T
B ARES RS | BRSEMRRAr 408 | 303 3D FIENAZAD
HH C

FEH 3D FIETRFEY TAEREE T - Sepd MY ¢
1. B {E B Tﬁ’*”%ﬁ%
2. BISE 3D§UEﬂﬁﬁﬂ\ﬁ CES
3. FIENBRE S 3D HAGHHAAY -

BRI

AL IR EE AR 38

-357-




SN BB AR BT S PSS S T & T R R

THEE | TMF | v verm Rige | BEEN
% poyt? 1T RFEfE (STAR) 9 o
T1 82 | O11 | PL1BEMRRICEMZEMME | 34k | KOl SUEEEEEER | S01 TEEAEHERR
XEME | TH | 2EAY - HEeaEh e S02 & 3D FlENHAY
F it 5 K02 SZ& 3D #fuit | EfirfEEsgt
il P1.2 i TEREAZE 34 it} S03 & 3D A
Firg WHEE DUREECE 3D # K03 32& 3D FIEHWE | 53#7
AR ZE L S04 AEEEBSHER
P1.3 BEEFSCEEENS K04 3D %I EI$; it R EH
LR S A T K05 3D FIENEEHH
K06 3D FIEIfHRE
K07 VIf@{FZEE/ g
E
T2 717 | 02.1 | P21 gEfEAVIEHEEER A | 34K | K02 & 3D #firfi | SO1 T EERAsHEs?
Y& TE | XEEEHNEE il S02 & 3D FIEIfHAS
3DF] | 022 | P22 RE(H VG AL s K03 =& 3D HIEE | OSSR
EOFA | friE | SCE 3D FIEIEAH ~ 240 ¥R S05 3D BlEIER e kT
HEE | = | R FIEEE » B K04 3D FUENFGfiglsE | fhEEss
FEZE | & 3D FIEIER S e K05 3D HIEE% S06 & 3D FlENHAY
YEIE4ERE - B SCE 3D K06 3D FIEIfHFL FINILi-ES
HIEEFIAT B ~ HEFIEL )T K07 VIf@{FZEE/ HiE
I e
P2.3 RE(FEFVIEERASETT
B2 kg REE
P24 FERH TS AEE A
e B A T8
T3FIET | O3.1 | P3.1 BEfHFE 3D HUEIME | 34k | KO3 & 3D FIEIfE SO1 T EEFRASHESY
BT | TH | RARESRETYIEIHEREE HETAE S06 & 3D FlEIfEA
& 032 | B TAE > SERRERCEE K05 3D HIEI &% g2
3ADE | XE | EETE R K06 3D FIEIfHFE S07 & 3D FlENHAY
patsil | 3D %1 | P3.2 BEfREREHESNIT 3D K07 VIEIESEEL  HiRE | RTAEFFIRIE
ENfEL | FIEITAEMAESE3R 3D 71 S S08 =C& 3D FlENfHAY
Gl EN T ARS8 4E B E I BT (2B K08 T EFfM: BUTHEAE
IETAE K09 &= it S09 & 3D FlEfER
P33 {HHEHEIEZE 3D K10 SEfsm &R PR E

FIENE R CE 3D
I EREEHY Ky HL S A
P3.4 Bt E -
& 3D FIENHRERE
A R P BRI e B
% 2 fo] R <F

P3.5 REfEF] THIEBE TE
3D FIEIREEA 52 BB L L
LGS

S10 3C& 3D FIENHEAY
an B A ]

BRAE A (A=attitude BERE)

AOL BIFET ~ A02 o HHERE - A0S HIREEE R - A0 RUAE

S AR TR SR I

TSR (R IL RIS 2 B2 B RE DIk + ASRAR Se e MIsH B at T I PR Ky 75 5 v (W) 2 2 B AR AT Bl sl
e BT PSR L EAE -

-358-




SN BB AR BT S PSS S T & T R R

B

SRR
SRS IS - A E R S eS| 0 1038 H -
3D FIENARAR S et ZA it o i - SR - 5825k 637 B > 2015 £S5 H -
http : // news. pchome. com. tw/ living/ tssdnews/20170928/index-15065280008332267009.html
CHERHORE - SEhE S B e B AT 2 () SRR AR B B TR 5 - RE 4 © SC& 3D
FIENJFEEEBLERLE - 107 410 A -

-359 -



SN BB AR BT S PSS S T & T R R

D2th RS S A 2 AR TRV R B i B
7 R R E SE R RS R 2 K R RE ) ST P L FH R iy
s
Research on Evaluation Procedure and Application Technology for
Structural Safety Capacity of Historic Sites and Buildings

AL B
PR AR AR BAL; SEaat 1

=

IS B SRR AR F R R B Ry = (EFE - A 7T~ MlElRaT A NE
aTEE > EIAAHRARN AR E R EEME AV TIRE - AWT5e% & H R pR
DUFTEE - HEIPRERE A i fiE B AG I pOR 2 v B R S R SRS I L S R
flir » 2HENINAT S H B s 2 SRS ET M 2 R Fr LR > P2 HEH]
FREIA o B SR B R A SR S I B th - RS as b 22 - Pk
Rty - EEOTZEERR > A - (DYHEHERERE ERIRFEA S PR EE - &
sl Z HIVBEETEIR . QUSSR B R R SR R A S P A
¥ S L IO TR IH ZEARNT - QWIFTEILE AR A FEE S B S
Sedtm 2 LRI PR IIRE - DIER EZ8R0E - ATk DUURE R
Pr&Ef AL - RS TER A B b B TR 2 R R S S EIR RS
86 (EZEBI - (KA ~ WHFEHR ~ SBl R FEFERE TR & o - WAk
R I SRR SRS L e S R IR B P B oy PR P B H Y ~ FERT T IH R H K
R EEGGEHGRECREFVITRILE -

BRI B NUESMEE - SR R

-360 -



SN BB AR BT S PSS S T & T R R

BN B SAEE FE R A( N SCE DM T K - HHEAHRIEESE A E e 2 5
AAGAEET > HATES 2,200 pa2 HEE SRS - HORFEEEEN SR - B8
DIt ESEAE & ples -

R RS - EI AT BN S SR R RS ORI R - XA
CHEBEEERINS ) B S S R R L
SR | RIS | SR TR TR
BT -

B R PR ER N A R R
FER TS TR TBIE » 5 KA F A e e RO © S R Al
2SS MR AT RS 2 2B TS R AR AL AT
SPAS T Bl

ACHFFEELA B ATE P 7+ EL BRI W LA S e B
SRR TSR S BV SR EL AR B SR P
PP BT » FE S AR B e B R (R S S S o » s
W2 B 2T ~ P ~ B - £ 5 TE IS

L WHE S BREE SRS OR A E A S PR B F SR - SR n S oK H VB T =

TH
) GRS RS R R P S R © G TR B T B TR
i -

3. WS EDRA tR A AR IR DU
(-

I N

2012 5 A 20 B SCEGUHIEUEEE - SCESEE G0 R T SUEE
ER  (MESCER) - CERIZE AR I AR SUE B HRIE A TIE - Hi
Bl ARty - HEWENTSE CULEEREE) WBREUEEERFHE -
REESCE R 105 £ 11 HIEGR AT SUEE ENT KT EH K - B o
d EEEEA TR E AL EME ~ Beal ~ KK R - DaRFRARKE
CKE ~ EVMEEE REEE) - g hEEZrFEE > TEHEFHEEE
0 ()RR SRR ~ (COOBEBIPT RS ~ R(Z)FRESCESTEEE -

Hep (OB SRR S E Ty - EERRECENTHE T - BB
TR AR o T IHE T X B 2 PSR s o7 S BN PR o Ry e

- 361 -



SN BB AR BT S PSS S T & T R R

RE W ER -

PAE AT B SRR R R BLEAR] > EERE T BRI
% B SR A S SR SRS SRR S S M 2 A R T
o T EBEEEENE ) TR o B TR IR R B AR TR -

Hepesf w2 s - WHBIRARTE > N EE T AR EGE 17) > EH
EHBIEIRMFEEEEAARITERE - ZROFEEGETEEBERE - JCHAnk

PR R BB 4 1)
Hy 35 © HE BEE NI G S o
: %) MORl Rt - Bzﬂ%S
E EHC B P HREsTE L@i N
B 5 IS - 45 BRIERHE ¢ 55 4 BRI [f DR O
AN alE EmEmEReRERE | | D
& SRR B A A Z 53 LA
S A= S R (AR &7
& B E - B~ SHI ~ 2R

IR e B S BT LTS

BEE 2 s B AT R ORI USRS 2 52 & AT 58 - SR Z il &
BRI MTaAS I A TR A Fei -

17 B SRS RN AN B E & S TS B B E]

H Al T o 5 B S R SRR P A I A AR 2 S A b e BB e akat - AT
ey "NERTE ) SORR - IREWERI TIE 2 —BIR T 45REETE - MG R
H BRI PSR S5 HE - BB E ~ Ll ~ AKEE T ] SR FAH
5 > RIEROREEA R - (FET B2 E R -

TSR TAREIE TS b SR ie i 2 2 B0 e b4t 2r ik
(Safety) B (i A4 (Serviceability) /& 75 & [ FH SR TR 2 /KR © A ZHR N GEREYITE
Z 1% B EFIRIRIREE(Ultimate Limit State) » #1225 P ~ EIH%  BEHIEE
{L&SHEYITE 2 NG - B2 FIE PR (Service Limit State) » WP & - IREJEHE A
BRI -

GERE L el MG ESE » AR IBARHAS PPk 2 D7 A8 T » W RS 2
HIPIE M ~ FHEPEER M Y ~ AR AMEEF A ERZR » MEREUEE A
B/ NHAER L 7 o KBRS RE S B 257 & (Buropean Association on Structural
Assessment, Monitoring and Control, SAMCO) > 2% - 4524 2 ha Tt ffE B 2 5e 34
TS By 0~5 el WTNEIFTR « BHEZFER 0T

-362 -



AENE

lT

e = - A BT $K

ES I AT & T

Structural Assessmeni

Qualitative Cuantitative
A ssassmant Assasamant
|
[ 1
M asurement Based J Model Based
Aszasament Asspsament |
| [ I \ I 1
Level 0 Level 1 Loved 2 Lavel 3 Lovel 4 Laovel 5
Expensce Dot assess Assessment of | | Assessment ol || Adaptation of Probabdshe
s sabyective | | ment of ser- safty and safely and target refiabiity || assessment of
amsisyment of Wity vk sarve eabaley sarotioabely frasdiorin Arid salety and
detenirton s B0 M- | | ysing simple using refined assesament of || serviceabily
eflects and other | | ueed load of- el biased model based safety and waluas.
damage after heechs masthods mathiods SEnnCEpbeity
visaial mupecton wilhy revcschfigd Drala from sl
Diata trom Cla b Besls, | | Shruachore- monBang, #4
dcuments maniong. eic speciic vales
B 18 &EfEZ et ilEh TaonEEl
Level 0 : tRHZdllEts 2 il N B & H BR 775 - TERHSHE 2 SRS 2

Level 1

Level 2 :

Level3: [

Level 4 :

Level 5:

HEE o T il DB ARITR L mE TR SO sk AR - EB&%LIE T
& JBEAERHE A o WIRER BT 2N - SO REETT AR lpA
& > AIIZRERG AR -

DEESRY)IZ I IRRE T BN B EE - LI EREHEER T2 IRE - B

HREZEMRT ~ B - (HASOEEN - FEMAENTENER - H4EHE
BUKREEE - BENENZ BEaHE 574 - REETEMNIESE > B
Level 0 R&H; - [ERIZEMNPTISBISEFL - e EEHETNE - HEEN
i B AT RE Z PRIV IRS SR IE LM A NS 2 EEER

D[R S skt BRSSP AT A - T ERRE 2 M R B -
AR AT AR I E N > ST RGBS RIS T BN e
b o BERALZ 81 bﬁﬁﬁ/{% {5 35 EAFRSE A A AR IR - S ES IR

A=
-7 A

AE M SGEABRSE RIE 1L Level 2 ZHARY > JRA][EIRsRHlG 27 2 M R BEA M -
STEAEREL Level 2 HAEMSIEN MEEIRGGREY) 2L - BRI 21k
aﬁéﬁxi

LA Level 3 ZHARIE A BISERETT A » N2t RS M AR SR BT
EHReFEE - NAEREFEAERZ 5L - T haSs Rdtmiim 28
Gty STRDEBRE ARG R - BN S bR A -
RFAMEE M AR AR AR - DRI A S eSS 2 A EE T -

-363 -



SN BB AR BT S PSS S T & T R R

AHESERA B —IHMEEE - TS ISR A IURE 2 Bt 8RR
AR 2 BALRFAE 0 -

HASHBEE(EZE UM EZE ~ INERTREYT5 DE AR S A=Y
fili » IS RIS AE & - R =FRERIRHE 7% - S E TR 2 (i
REIDEHE) ~ MEAGESE (N ERFAR L) - KPR (R F =
P EE TAF -

Rt RGBS B IE R - R S EL eMEr RaEE T St

TE R BIRE S E Wy - o ki ] SEVEEE B E T AR DU TR Y H ik

o PR E A E BN PUESIE 6(0.063g ~ 678 4 HEBWE) DL F & > 57

TTEFIIRIDTRERE JIRFAL SRl RRERIEE - B EIIERIRY -« sEeFE o PEEd e

BB 921 R - REHTEFR KITHESE S HLAE - TR #RTA T
AT TR A A -

FERAM AR sk - BIAREEE » BE MR RE 08 FEdaHEdh © s ik
FENEER Rt Rt E ) TRt E TR R T LA 22 ERAR
= ZMMEREST - BIFRME TAENTFE O A SRRV E RE JTRHL U775 » LBy Rfli 5
ARE ~ PEURE - SRAIRTAL - MREG TR o e RH AR R A A T =
SER IR o B HET TR AR AL R RO

BEBEE 1968 FiE 2 FrE A FEEZE (Federal Highway Act of 1968) H >
SR E T P 2 E MRS A AT - W T BT TEE A B 21
- EEFBEFL A PE4EZE (Federal Highway Administration, FHWA ) BT T &G
251 (National Bridge Inventory, NBI) ; &ileE » TR BIRERHR &R 2 {4 E 5
FH s [EIFAA T 2B HIEEXE (National Bridge Inspection Standards, NBIS) |
FUREINBURF LAEE 2 R B RH - 1 R P E i 2 B T — A HIfEE » HS
Z RO B B ARG R E RS PR 20 i B SRR AV S| - SEEIRG A AP A o) By
5 TR > Sy R RG] (Initial) ~ EHARRI (Routine ) ~ BRI (Damage ) ~
AR (In-Depth) FFokeMl (Special ) %5 -

BB EE R E H ARGUTBMS) th Z @ AP D.ER.&U J57% » BA LS
VIR REEAL AIRES: - RORIAVRSCRET 21 TH - EFE A& 11 TH R EF LR

o

%:"‘jo

SR AR PN o B I S SR R B (R A (RSB - ARG 2 2 s THS
PRAGE SITRRA —HIRE - DR S5 SR BTl 25 B o i R LSS A I T
TR AR H AT SRR - H BB R A i S B AG  FE plR 2 E
s SRaE L IR P B R R - e A B P T R S SR B
FMIFTESEESIEEE T » i Ze et i 2 i8R ~ W - BB RIRG - HIgEfE drisE st
TSR R A S PR ELAESE - pEB T — P Z(E SR M TR E - (L

2364 -



PN AR B S U ST & T R SR

SRS ORISR B A A R (SR AR > FIRF A 2O M Bl S M SR [ R G
fE e

=~ WERITE

AWFER A Z JT RS0 ER - sy RIERIHANT ¢

LWTFEA
(1) SRR RHEEAIER > A

RSP T BB b B 2 B R B R B IR RO A s R e T
TEWSI@I

B LSRN S5 o B S R SRS R L S R RE e ~ TANDURE & Y -

SEERB PN B SR SRS R L A B A Z BT STR

DSBS MIFESEYI(REIR ~ BEET) Z s R EEE Tt il 2 2 sl 20
ARELTIRR

QRG> B

ASGFE BRI N R T S SR A SRR B - IR OIA RS L a2 R
ST H SRR

B. &R ER A A S iy B IR S SR AR M B Ra Ty > ARG 2 K ) Z (RS IH
H BRI -

C.ArEEmarET A4 o 58 B R S e SR A R 2 ko) 2 B PRI A B B T S -
QYIS WHEERE - (A

AFREIPEBETAEEN » V DH R B S (L G
DFFOMSEL - ARG R BTRPAE 2 BB Y  JESTRE - RIEREH

BRI S B E B EEIE - I e S B R SR B T IE B AR
fZraKE e Z PEELME HRY ~ FETIHH MR HaR s -

CHRIFRIRIET » A EHE L ~ BlE 5 - FPAREERRE -~ 1&2R%) - 1P HeR
BEEE R E TR Z PR R H Y ~ e TIHE E&EF‘EH$§¢W§ °

2T ER

- 365 -



NSRRI AR BT SE RS U T TSR L

)

SBREER T 2RPER A TR R P R AR R ()-R —

v
1. SURKAL SRS TR B BT

(1 )E@%%%MT%&E@KH:E%ES EF@@EKW@JE% S e S
(Z)EWIW%A%E?E*Z*’%#%E{E& RUURR ~ BUESEIEF &

(3)§\§+II7\]§7 Fﬁf‘tﬁztﬁﬁi\mﬁﬂéﬁﬁ-ﬁZﬁ{hX%ﬁ

(4) HEB P MTESE Y (B ~ 1) 2 En h R aRE eI - Bl A AR SR -

y

2. BRRER S T

(1 é??g;ﬂalmégﬁﬁﬂifﬁﬁ*Jﬁﬁ? HEFO)IEEL - HIRE BRI L 2R BT IR S
(2)FF SRR PN M BRIE AR ER PR B - A RSN 2 2R s el 2 (R 6T H SR -
(&R BRI P M it AT 2 R BT 2 e i P e L AT SE S

\

3. IS PR

(OB B ST 7 - ) B (T T3 B (R AL - ABASH
TRV ) - SR - TR 7 o
(BT SRR © ST B R R © TSI AR
ISP 10 ~ FEBTIE o R LB Y - \ ‘

(VRTRIRIET » ADMEHLT © BUE I - B SE(E - 18RE) P THEA MG

EARE TG Z FEERE HAY - FES{TIRE - %ﬁ%ﬁ%ﬁ%mﬁ ’

h 4
SRS 2R R ERE IR R A R A SR (N-SR =

v

1 RERRBIRSE - MO AL AN (FE20)

(EEFEFHECRETTIOFEE - BRGS0t 2 G52 e (LR BIHR(E -
()MFFET IR - HBEARGEE A S S e (F R R a R ORI -

v
2. FE R AT E

(MbHEEBE R A SIS EREEENT) - PR S KGR A0 L S =aH G E Y
B > B ER (S A A MBI RP(L) -
Q)W fBREENR SR T EL - FrER NG 280 S e 25 FAERY B Y ~ J7ETIZSE

—

@)

R FRE (S LB s i R B4 H:%)
Y

SRS 2R AR SRR TR AR P B AR SR B =

v

1 RERBIRME - MOTRSAASE AL (FRE20)

(EEFFHECREYIOMEE - B ARER 280 S e (R fHR(E -
(2)REERETPEE > HEARGE AR 2 S Z e PR R E ZE HR(E -

v
2 BB ERS X

(s BRI SRR ) BT BT % S

%ﬁéﬁﬁﬁﬁ%%ﬁ%\ﬁ%ﬁ%‘@ﬁ@%ﬁ(%%L YN PN N

24 B LI AT Y o X

QUESEERSEL el W LI MR E % ) R
B - sl e e R (S M R RS2 - R ARG 2% I LB
TN AL -

()T 547 12 D Ao 22 oIS T 4T - B

(OFHEFRIRIE [ JOMEHG L  BIE G - FREEE © 16R%) « 5 L2 A

GRS R TR I JER A ~ RIEE Sy

(SBIAER | A T A )+ DUl B TN o B 22 ERIE -

& 19 LB EE

- 366 -




SN BB AR BT S PSS S T & T R R

BRI R EEEE R > HE R E R RIS AR SR T
% o WHEIRFEEBANAERE - SR SR Nn e T RaEFRK > FEn
BREAEEL RSP (D AR ~ QAT ~ BEQEvNFHEZIEE - N EIFBE
filigR > MR AV R S (E -

SR B RSB L SR RER - AR e R T S IA
REVEK > SR AN B ERA RS AT E T - R AR EEERE
o LRSI 2 M -

AW AR E BT T BT R L RS TT - BT E ARSI ~ M ERE
JTebd > SRS BREIRYI MR AT B TR SR ORI > BIRE R
FFI AR B o D e E U 2B A - THNRR R EEE
FELUT AN

B HERESEIRE  EAE HER S
B R
L7 T Ry

MERLIAMTRE ~ i EEE JTeEdliar il - (A5 B RIBE A Z &S B T B T
sl > AN BRSO ~ AR ELEE 2 (B E S T FORVRRME - Honl5e
FEREA AR SISt A R AL -~ SHSSTES )RR - SGHSERE BRI
U o U BSSEIRE T B s R A - MERE ATV - BAR
& BEEIRAEREE T 6 Pl 80 B2 HEEE > SAETHERE - DER
Hatam o BB S B ORF 4EE B HENA MBS T BN AN - B BS L e a il
AR EER TR IR - IR PR 4R S PR P TR T RPN B R AE (T YRR A
AEIEIEFEHIRR - ([EENEERE -

At Fe et —FEEGT - G EENTIEHE H AR

(DR PIER - BE

A SEEZ T BB S b T E R BB S R B R B IR B ARG R 2 5T
EfERENY -

B R ERE SN T B R S AR SRS 2 AT ANUSORR ~ B ESERE P R

C RIS B B IR S AR SR AT 2 et B P A Z R SR -

DSBS MIFESSEYI(FER ~ B0ET) Z st R e e TR i P LR 2 JA A
EASTRA

QFFaNGEE T - BE

-367 -



SN BB AR BT S PSS S T & T R R

A GFEERANBIN SN B SR SRR BRI B - BIREAIA RS 2Rt IF
ST H SRR

B. &SRB P/ NS B SR GBI AR B R - A RSS2 R E 2 EEIHRE
C.EREERANE P4 It B R R SRR SRS R 27 Kl ) Z ME PR P e B ] SEE
QYIS IR ERREH -

AFREIPY S BUER NS © ) DR e B S S PR
DFFOMSEL - ARG R ETRPAE 2 BB Y © JERTRE - RIEREH
HNE -

BARBIN th BVE BRAEEIN L - ¢)P ek s R S S S S TP B - A RRAS
L aKE eI Z PEEL M HRY ~ FETIEE ~ MEEHRENE -

CHBRIEIET » OADRIET. - B8t - MRS - 16R%) - QSTHRA

B M2 RO TRT 5 2 BB FL Y JERTIEE ~ RIS A9 -

-~ BFERR

i Y R s R 3 A A LA 30 2 ) 5
B - T L2 BRI T — o FLEIPIS 5 B R s 22 3
AR AR AR - AT R AL B 1 B R DI
2 WEER TRATEERILIN
1B L RS PR

SR BR
2. B S S (AR PR IR ) - S 2RI 2 1

SR -

TETBFFE AR LA BB o AR o SR 5 DB TR R 19
HELARIEEIEH -

AR 10747 F 25 HIVES R e s SRR S R s 5
1 ERARUT - IR - FHESEAEHE T 2IE E ST T R

wte L2 H Y o W) L BRI L S RIS I B B R P B H Y ~ JERTT
FIHRE AR

LR ERFEPEEL -

(DFEEHEY « SRR EEBEEGETIEE: - AREHET2H 2 AGEZ2EH - B.

uk

JENTFOE L - ARG L 2REITEHE Z(F

-368 -



SN BB AR BT S PSS S T & T R R

(EZCDES

(DFEFTTEIA © Level 1 RIS IRIRFIAECER » Level 2 Ryl & (n i IEH & 5c 8% -
Level 3 Ryt orai &R4CH -

O)TERIZEL © AFRMUIRERR Akl - BASEAM R MU &Rl s - C.4518
L EEEE - DAREM EEGETahmL Sath EgT S IE S (L - EREE
R 7 R A -

2MEIEGETISEL © R EDTFTRR)

(ORSEREH) : TR R 2R TR IR R GEBR T A
R)  ALEHIE RIS 24 TSRS - TS - BB
s

Q) TESTHE : Level 4 SHZEOSISREHRILIE » GETHI=RE -
ARSI RIS R - BAERISIHER © CRBANSHER -

O)FHEL: PP &ERREEE ) o - E AR Z EathHe - BINERE W
aFfhERE > CliEEE IR RH il -

3L NERTE ¢ (B SREKERE A RFEARTRORE - e TE) - &5
REERLEERERE I B IR NS T - B mosaET 7% © MEpR R
ST EEAMEMEER - QP EEE © MR AN 2SR A
Fme -

(DFSELEHY © e SRR AR - IR S 1 -
QMELTHEIE : Level S Level 6) » SHEZ S FIRTE Z4RPERIFGIE) S ATRLS <

O)TERAZEL = A &St FHZe e MERE - BASIRINY 22 AKEkEE T » CATHREIMNY EUKHkAE
D fiRast 7 28 R 5T -

AFFIRIR © AR TR B R R S B > TE B RERFL B ~ I RRFALHT
=Y @BEEGRMETT) -

-369 -



557 IR e AR ER[T S

BB AT & Tl U

* 5 EEREEHGIETR

it BlEehE |mAAELE | BYESs ANE
HbE ] 2 0 3
=4k 1 0 2 3
ik 1 9 0 10
PEE 0 5 10 15
BT ] 1 0 2
= 0 4 13 17
s 1 0 1 2
=15 3 11 4 18
= 3 3 1 7
FER ] 0 0 1
it ] 0 3 4
& 4 0 0 4
At 17 35 34 86
% 6 BTSSR R
R&mH BT | BERE RIEETE ANE
HbE ] 0 2 3
=i 0 0 3 3
ik 7 1 2 10
PEE 2 0 13 15
BT 0 0 2 2
= 3 0 14 17
P 1 0 1 2
=157 10 7 1 18
= 3 0 4 7
FER 0 1 0 1
B 2 0 2 4
coll 4 0 0 4
At 33 9 44 86
T T BPRIE SRR

Hzmi | Level 1 | Level2 | Level 3 | Level 4 | Level 5 | Level 6

AbE 3 2 0 1 0 0

=4t 3 2 1 3 1 0

-370 -




557 IR e AR ER[T S

BB AT & Tl U

o A A

IR s

G ERE T RN -

2 WA L R RO EROR 5y RS gl > SREHAT ¢
Level 145 REER L H sk &k

Level 265 8Tt EL & m] fo I A S0 8k

Level 3. &5 Zyat o i & 2 (5 e 8 )
Level 4.5 2410 RHER (G 2 2 EEHE)
Level 54518 % A IRTT R AR ME I HTEF (i (Linear FEM)

Level 6.458 % 2B MRTTEZIESF M MTekE (Non-Linear FEM)

-371 -

B2 | Level 1 | Level 2 | Level 3 | Level4 | Level 5 | Level 6
ik 10 2 0 4 0 0
E] 15 12 1 7 0 0
T 2 2 0 0 0 0
=) 17 11 0 8 0 0
375 2 1 0 0 0 0
=) 18 7 0 4 3 0
= 7 3 0 1 0 0
B 1 0 0 0 0 0
AL 4 1 0 0 0 0
oAl 4 4 0 0 4 0
QG 86 47 2 28 8 0
% 8 BT se R ET R
Level 1 | Level 2 | Level 3 | Level4 | Level 5 | Level 6
S
- 11

B 33 0 5 5 0
&8

. 9 2 0 2 1 0
R

- 44 34 2 21 2 0
A 86 47 2 28 8 0

AR St




SN BB AR BT S PSS S T & T R R

AT ESE AR AR F 3L 86 1 AL AR T B ~ BEFERA] ~ Sl Rz
PHERISERERA TR 1 2R 4) - HAWIFEHEZ AL Level 1 ZERZ 2
Pl Hep LPAIAER T E RO - EIEETEZRECD © 1M Level 3 Al Kz

DEFICTILIE TR E - A B PE B 2 BT -
SERR

—
©))

Recording and Coding Guide for the Structure Inventoryand Appraisal of the Nation” s
Bridges * Federal Highway Administration » 1995 & 12 A -

R T SRR GE I A B SR flr AR s e AN RAEFIE 1992 49 H 29 H)
HEEERE - ERENF5 (R84 1 H 17 H)
HEREE R AR 106 7 H 27 H)

o PR R S R SR A R R R TR IR R R SR B L M RUEP B R B A (R
106 %7 A 27 H)

R E AN AR 106 427 H 27 H)

NEREP KT ZE(ER 105 F 11 H 25 H)

FEILAR ~ FEBEE ~ fESCAD ~ AR~ Ok ~ BREREY - e - BEIE - 5
Fo REE - GRBAE - s - BB T RCR ST AL B R R T T
TR BIZSE TR LS 0 e 4wt - NCREE-2009-023 » &6 » 2009
£11 H -

-372 -



SN BB AR BT S PSS S T & T R R

23th VIAENE S LB n i m i S E H A

PIlGE A e AT s L oo B A
PIEE" RS EHREES
¢ FEIRHCREE T AR
" BRI R A R A S 4aLc
‘ Business Development Manager, Criteol K.K. Inc., Japan.
Frak Ve ¢ BIEEE ° (lindaliu54 @yahoo.com.tw)

RS

ARSCEFRSTIEFENE M 1S0 45001 JEfHHtE T EA1Y 22 5 542 B F 2al 7 Bt -
DU W R T AT B T T 2 B BRI A SFET A R GIR
(—) B O - (=) \EUECHIGEt - (=) ML
EUEHIE B (1) S97E BRI B (P R R B AT - S
BRI & » R IS - FERSE T - 1 &5 BRI Ry
A—(ERSHPT - PR & T (e - WA B R RS A B
SIS  LIES RS R AN SR BTER 2
SRR -

FRSEY  HE TR - AeEAEE - VIR - TEOR R AR

-373 -



SN BB AR BT S PSS S T & T R R

Innovative applications of IOT integrated in intelligence
management system for building construction safety warning
and reward

LIU Hui-Yuan®, TSAI Tsung-Yi °, REN Tai-Kui ¢,
“ Department of Computer Science & Information Engineering, Associate professor,China University of
Technology , (lindaliu54 @yahoo.com.tw)

® Rifartek Technologies co., Ltd, General Manager
‘Business Development Manager, Criteol K.K. Inc., Japan.

Abstract

This article will specifically target to get the construction site safety and health
management system which can be verified through OHSAS 45001. In this paper, we
proposed an IoT infrastructure that provides innovative and integrated safety
warning/reporting system in industry that it would address the following features (1) Help
to automatically bring precaution in dangerous area, (i1) Keep track of personannel access
control records and statistics and (111) Assets management of construction equipment and
(1v) Clearance notification of construction area with large machine. The IoT-based
system utilizes both software and hardware modules cooperatively. This system also
collects both cross-departments and cross-areas information that managed in integrated
resources that aimed to provide services to real-time monitoring and support of the key
decisions of the company, to enhance the effectiveness of safety management resource
owners of valid information.

Key words * Construction site * safety and health management ~ Internet of Things -
Construction site safety warning and reporting system.
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Study on new shed tunnel structure for high steep slope tunnel portal of high

speed railway

SHI Xian-wel ( China Railway First Survey and Design Institute Group Co., Ltd.)

Abstract: Research purposes : Rockfall protection on steep slopes of tunnel at high and steep slopes of high
speed railway,is an important factor restricting the safe operation  this paper 1s based on the high-speed
raillway project from Xi'an to Chengdu,combined with terrain features,two new types of shed structure are
proposed---the integration of flexible steel net shed tunnel tunnel,column and beam supported reinforced
concrete shed, and analyzes their characteristics, puts forward the applicable conditions.

Research conclusions: (1)Column and beam supported reinforced concrete shed tunnel superstructure, need to
set the foundation alone,complex process, construction difficulty,large investment,but good durability, low
maintenance cost,when the elevation on the surface of the orbit and the height difference of the ground are
higher,the detailed analysis and calculation of the high seismic zone must be carried out.(2)The integration of
flexible steel net shed tunnel easy to make and install,can be integrated with the bridge, the utility model has
the advantages of convenient manufacture and installation,beautiful appearance etc,but poor durability of steel,
the need for regular anti rust treatment, high maintenance costs.(3)The elevation difference between the
surface and the center of the channel 1s an important factor influencing the selection of two new types of shed
tunnel, when the height difference is less than 15m, the column and beam supported reinforced concrete
shed.(4)The research results can be widely used in rockfall protection of railway tunnel portal.

Keywords: High Steep Slope;Tunnel portal;Rockfall protection;New shed tunnel
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A Specification for Conference Papers (12-point)

Dai Zhiren Wang Kefeng Zhang Hai Gao Zhihong

China Railway First Survey & Design Institute Group Co. Ltd., Shaanxi Xi' an, 710043

Abstract; As for the stratum with water-rich sand and gravel, the operating subway tunnel under the pit foundation is facing the risk of
unloading. Focused on the upward movement trend, the deformation of shield tunnel has obviously exceeded the allowable value, under nomal
design and construction method. Based on the risk reduction of operating metro line, the control of unloading of pit foundation and the increase of
the longitudinal tunnel stiffness are put forward. It is found that, prestressed anchor, hidden beam in the road bed and which is composited with
segment, longitudinal channel steel is strictly fixed on the surface of segment, and the top beam effect from pipe curtain support are very effective
for the position control sheild tunnel. And also, the pit foundation excavation with the principle of vertical stratification, longitudinal

segmentation, and digging aftert branch are very important for the control of unloading.

Keywords: the stratum with water-rich sand and gravel; pit foundation excavaton; unload; metro line; tunnel segment; prestressed anchor;
composited structure.
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Fig.11 Sketch map of longitudinal segmentation excavation of pit foundation
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Fig.12 Excavation test of pit foundaiton as for the 6m depth stratum above tunnel
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Fig.13 Calculation model
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Fig.14 Vertical displacement contour for excavation to the bottom of the east foundation pit
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Tab.3 The vertical displacement of tunnel while the excavation of pit foundation upward
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Fig.15 Stress analysis of prestressed anchor

H_EE P > FETBEIESERE - TEE ISR IR KRBT 100kN » FHFESHRIE 14 B
73.6MPa > /NPAEEZREFE ST -

3~ B R NJIEECER

R EASBHZ R (AN - [EE R WAL T -

¥,

16 &R Eh[E 17 &Rl JIE
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Tab.4 Stress and reinforcement analysis of segment
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Experimental Research on the seismic behaviour of high-strength concrete

columns with multiple shape composite stirrup

Li Hui Wang Kefeng Zhang Hai Gao Zhihong Zhang Guihai Huang Yongan
(China Railway First Surver& Design Institute Group LTD , Xi* an 710043, China)

Abstract: Taking the frame column of Donggang vehicle base located at Lanzhou Metro Line 1 as the prototype, four 1/4 scaled
high strength concrete multiple composite core columns were tested in the experimental program. The failure modes, stiffness
degradation and hysteretic energy dissipation of high strength concrete multiple composite core columns were investigated. In
addition, the effect of axial compression ratio, stirrup spacing and the type of stirrup on the seismic behavior of the high strength
concrete multiple composite core columns was studied. The results show that the failure mode of high strength concrete multiple
composite core columns was combined bending damage and shearing destruction. When the specimen failed, the steel bar was
yield. Minor spalling of the concrete occurred at the plastic hinge area of the column foot due to the grinding effect. The hysteretic
loops of high strength concrete multiple composite core columns showed bow shapes, which showed the specimens have sufficient
energy dissipation capacity to resist the earthquake. With the increase of axial compression ratio, the failure mode of high strength
concrete multiple composite core columns changed from bend-shear failure to shear failure. However, the increase of the stirrup
spacing will decrease the bearing capacity of high strength concrete multiple composite core columns at the late stage, and reduce
the ductility of high strength concrete multiple composite core columns The study showed the double core column has higher
bearing capacity and energy dissipation capacity compared with single core column, and the seismic performance of double core

ESEE | hEE—HaG il A SR EZE R} 16-33)
TEBRGA © 22551982) » 55> PRPESKAE A » TEHEL > S4R TR2AT © E-mail:316369094@qq.com
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column 1s significantly better than the single core column.

Keywords: Core column ; experimental; seismic behaviour ; frame structures ; hysteretic loops
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Table 1 Basic parameters of specimens

THH EC-C-100 EC-DC-100 EC-DC-HA-100 EC-DC-200
#iA/mm*mm 400400 400400 400400 400%400
I 4012 4012 412 4012
B AR 1081248912 10012+8%12 1001248%12 1001248912
A6 B ®8@100 ®g@100 dg@100 ©8@200
HH ARG HNES HNES HNES
HIH/mm*mm 280%280(El) 280*280(El) 280*280(El) 280*280([El)
4ian 2408 2408 2408 2408
FHAR P6@100 D6@100 De@100 P6@100
HH L Nt A
E{A/mm*mm 140%140([E]) 140%140([E]) 140%140([E])
Hign 1088 10¢8 1018
ECii ] Pbe@100 Pe@100 Pe@100
SRR C50 C50 C50 C50
SR 15/ MPa 5431 5431 5431 5431
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HHER T J/AN 1270 1270 3180 1270
SRR EALE 0.2 0.2 0.5 0.2
HIpSth 3 3 3 3
5 e £ 1 = T N -
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1 &4 EC-DC-100 FCs5
Fig.l1 Arrangement of reinforcement of specimen EC-DC-100
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Table 2 Material properties of steel bar
O 06 98 9l6 920 D18 ©20

Ei%{iﬁ—:}g 391.4 355.9 369.0 393.1 435.9 458.8
a

{fg%*%
EHE&:& 1911 1720 2170 2296 2247 2507
/(x107)
23 FEEEET A

Table 2 Material properties of concrete

TR £ N/mm’) £ (N/mm’) £ (N/mm’) £ N/mm’)
C52 52.7 38.68 3352 3.50x10"
C55 559 40.92 3425 3.55x10"
2~ EAE

s R A TG 2 - SR A RSB T T TR E e T - Sl AR
AEfera e MTS R {ERAFEhasfett - SRk AR EAE 2 For -
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(o) SRS
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Fig. 4 Instrument layout
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(b) EC-DC-100

(c) EC-DC-HA-100

(&) EC-DC-200
&S SFREEER

Fig. 5 Failure process of specimen
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4 SRR TRAN

Table 4 Characteristic load of irregular joints

PY Pmdx Pu
P Prc Pu
R Ji1E] FHE FHIE HE
kN kN kN kN kN kN
1EfE 502.30 579.11 492.24
EC-C-100 51748 591.13 502.46
5] 532.65 603.15 512.67
1EE 569.55 619.69 526.75
EC-DC-100 550.24 618.75 52594
2] 530.93 617.83 525.13
1EFE 54758 626.49 532,51
EC-DC-200 576.19 051.45 553.73
2] 604.79 676.41 574.94
1EE 704.80 857.49 674.87
EC-DC-HA-100 757.18 857.81 728.67
215 809.55 856.12 78247

R IR 58 MTS (FEhEsER SRl B ST > “RA” 5 MTS (EBasER R
PRAfars i T -
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QYRZEEFHY P- A el SR ETVLEEC 198 LIRS 5 (7% “TEIRER
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Fig.6 Load versus displacement hysteretic curves
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Abstract: Taiwan 1s located at the junction of the Eurasia plate and the Philippine Sea plate. It belongs to the
Pacific Rim earthquake zone and has frequent earthquakes. The traffic facilities are threatened by strong
earthquakes. Earthquake disasters at Taiwan and abroad for decades have shown that the impact of earthquake
disasters on society and economic losses 1s quite serious and far-reaching, far exceeding other natural disasters.
In addition, the global extreme climate brings heavy rain, a complex chain of natural disasters that cause floods,
mud flow, and landslides. Moreover, strong earthquakes threaten people's lives, property, and bridges, and
indirectly affect national competitiveness.

In view of the fact that disasters are always forgotten, CECI has established the "Disaster Prevention
Engineering Technology Maintenance Center" (referred to as the Disaster Prevention Center) with the "Know
the risk, be prepared" to comply with the natural disaster prevention thinking. Bridges are not only the life-
saving infrastructure and economic lifeline, but also an important part of disaster prevention road systems.
Therefore, GIS technology is used to develop the “Highway Bridge Disaster Management Platform” . This

disaster management platform has collected information such as basic bridge database, disaster prevention
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resource database, natural environment database, social economic database, terrain database, and aerial image
database, which keywords can be used to search for bridge information by conditions such as span, completion
year, etc. to assist decision support. In addition, the bridge quick-screening function is mainly used of the
bridge's fragility curve and hazard curve, and its importance, to carry out quick-screening operations. The
importance of weight can be calculated based on the basic data of the existing bridge management system using
GIS technology, and then the quick-screening operation can be used for the bridge management unit to select
dangerous and old bridges under the huge number of bridges, and carry out hierarchical management, providing
the reference of priority focusing and the next stage detailed assessment and reinforcement for each bridge
management unit. When the dangerous and old bridges are retrofitted and strengthened, they can improve their
resilience and reduce disaster losses to ensure the safety of the people and create a sustainable living

environment..

Keywords: Highway Bridge Disaster Management Platform, Hazard Curve, Fragility Curve, Quick-screening
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