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Abstract 

Since the seismic design code of buildings was promulgated for the first time in 

Taiwan in 1974, the ground vibration fortification level has been continuously improved 

after each severe earthquake. However, the failure of market buildings has not been pre-

vented. In view of this, the authors of this paper explore the fall failure of the Dazhi Mar-

ket building in Tainan, Taiwan, as a case study. It is revealed that ground vibration ac-

counts for less than 10% of the total seismic energy dissipation associated with an earth-

quake, so that structural seismic reinforcement of market buildings against ground vibra-

tion accounts for less than 10% of the effectiveness of protection. On the other hand, the 

major cause of fall failure of market buildings situated on alluvial sandy silt layers above 

shear banding zones is identified as plastic strain softening, which causes the earthquake 

induced subsidence of the building foundation to occur suddenly. All columns connected 
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to the foundation collapse because of the influence of excessive impact forces. Based on 

these findings, the authors suggest that market buildings should be strategically situated 

to avoid shear banding zones. Furthermore, the initial version of the seismic design code 

for fortification of buildings specifically against ground vibration, is inadequate. Only 

through consideration of the effect of shear bands can the fall failure of market buildings 

and the unnecessary expenditure on ground vibration fortification in non-shear banding 

zones be prevented. 
 
Keywords: market building, tectonic earthquake, shear banding, ground vibration,  

strain softening, fall failure. 
 

 
Introduction 

In 1999, the 921 Jiji earthquake 
with a magnitude of 7.3 occurred in 
Taiwan. Subsequently, the National 
Center for Research on Earthquake 
Engineering (NCREE) revised the 
seismic design code for buildings at 
first, notably increasing the require-
ments for fortification against ground 
vibrations. The NCREE was then en-
trusted by the Ministry of Education to 
develop seismic reinforcement meth-
ods for school building structures. Af-
ter completion of the seismic rein-
forcement of school buildings, similar 
methods were applied to reinforce 
market buildings. 

Hsu (2022b) noted that the seis-
mic design codes of buildings used 
worldwide only focus on ground vibra-
tions, regarding them as the major 
cause for the fall failure of buildings 
without adequate proof. Subsequently, 
fortification levels against the effects 
of ground vibrations during tectonic 
earthquakes were increased. However, 
despite fulfilling the requirements in 

the new design code, buildings col-
lapsed in the 6.4-magnitude Meinong 
earthquake in 2016. The new code for 
the seismic design of buildings (Con-
struction and Planning Agency, Minis-
try of the Interior, 2011) is also used as 
the basis for identifying the causes of 
the collapse of buildings, so the lack of 
vibration resistance in upper structural 
elements, such as columns, beams, 
slabs, and walls, is an inevitable result 
of this identification. 

The China Earthquake Disaster 
Prevention Center (2017) classifies 
earthquakes into five categories: tec-
tonic earthquakes, volcanic earth-
quakes, subsidence earthquakes, reser-
voir-induced earthquakes, and explo-
sion-induced earthquakes. The primary 
effect of tectonic earthquakes is shear 
banding, which accounts for more than 
90% of the total energy of tectonic 
earthquakes. The secondary effect of 
tectonic earthquakes is ground vibra-
tion, which accounts for less than 10% 
of the total energy (Coffey, 2019). 
Therefore, seismic design codes for 
buildings worldwide present the unre-
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alistic problem of emphasizing only the 
low-energy effect while disregarding 
the high-energy effect. 

Hsu (2022a) proposed the insta-
bility condition for buildings during 
tectonic earthquakes based on observed 
phenomena. This condition can be used 
to verify whether the theory and in-situ 
conditions of pushover analysis and 
testing for the seismic building struc-
ture reinforcement proposed by the 
NCREE align with actual requirements. 

Because the bottom ends of all 
columns are fixed before pushover 
analysis and testing, they cannot ex-
hibit relative displacements during the 
analysis and testing; in other words, the 
horizontal ground surface, continuous 
ground, and rigid ground remain un-
changed throughout the analysis and 
testing. However, the conditions lead-
ing to building instability during tec-
tonic earthquakes include changes in 
the state of the horizontal ground sur-
face, continuous ground, and rigid 
ground. Therefore, the results of push-
over analysis and testing do not align 
with the actual conditions of building 
instability during tectonic earthquakes. 

Hsu (2018) suggested that the 
major cause for the collapse of a school 
building located on a slope during the 
1999 Jiji earthquake was the tilting-
uplift effect induced by shear banding. 
This study extends this inference to 
determine the major cause for the fall 
failure of a market located on an allu-
vial plain during the 2016 Meinong 
earthquake. 

 

Identification of the Cause of Fall Fail-
ure of Market Buildings 

 

1) By the traditional scholars 

After the fall failure of market 
buildings, when scholars were tasked 
with identifying the cause, most of 
their analyses were based on the code 
for seismic design of buildings and the 
code for construction of structures 
promulgated by the Construction Ad-
ministration of the Ministry of the Inte-
rior. 

The identification results obtained 
using the above identification basis 
indicated issues such as insufficient 
reinforcement bars, excessive stirrup 
spacing, eccentric beam-column joints, 
underestimated ground vibration force, 
insufficient beam and column cross-
sections, insufficient reinforcement, 
illegal construction practices, cost-
cutting measures, and unrealistic 
manufacturing supervision. 

2) By the authors of this paper 

A professional cause of disaster 
consistent with actual conditions must 
simultaneously satisfy the three ele-
ments of uniqueness, integrity, and 
comprehensiveness (Hsu et al., 2009). 

By using the linear trends in the 
distribution of historical epicenters 
(Hsu and Kang, 2010) in Taiwan, as 
shown in Figure 1(a), five groups of 
shear bands shown in Figure 1(b) were 
identified, with strikes of N11oE (red), 
N28oE (orange), N70oE (blue), N45oW 
(white), and N80oW (green). 
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(a) Before identification. 



2023-1354 IJOI 
https://www.ijoi-online.org/ 

 
The International Journal of Organizational Innovation 

Volume 16 Number 3, January 2024 
 

124 

 
 

(b) After identification. 
 

Figure 1. Shear bands identified by the distribution of earthquake epicenters 
(Google Earth, 2020; GPS LAB, 2007). 
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Using the satellite image (Hsu and 
Kang, 2010) of the adjacent area of the 
Dazhi Market building shown in Fig-
ure 2(a), shear-band landform features, 
and the definitions of shear textures, 
five groups of shear textures were 
identified in the overall shear band 
width, as shown in Figure 2(b), with 

strikes of N11oE (compression texture 
in red), N28oE (conjugate Riedel shear 
in orange), N70oE (Riedel shear in 
blue), N45oW (thrust shear in white), 
and N80oW (principal deformation 
shear in green). 

 
 

 
 

(a) Before identification. 
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(b) After identification. 
 

Note: The yellow needle point indicates the Dazhi Market building. 
 

Figure 2. Shear band and shear textures identified by satellite imagery  
(Google Earth, 2020). 

 

Using the GPS velocity vector 
distribution map shown Figure 3(a) in 
conjunction with the definition of shear 
bands in the vicinity of the site, four 
groups of shear bands shown in Figure 

3(b) were identified in the vicinity of 
the site; the corresponding strikes are 
N11oE (red), N70oE (blue), N45oW 
(white), and N80oW (green). 
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(a) Before identification. 
 

 
 

(b) After identification. 
 

Figure 3. Shear bands identified by GPS velocity vectors  
(Google Earth, 2020; Central Geological Survey, MOEA, 2016). 
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The shear banding effect is con-
fined to shear band zones, and the main 
processes include the tilt-uplift effect 
and the strain softening effect. In the 
case of the fall failure of the Dazhi 
Market building in Tainan, the shear 
banding effect includes the strain sof-
tening of the dense alluvial sandy silt 
layer. For this layer, the internal fric-

tion angle φ is 34o in non-shear band 

zones and 30o in shear band zones. 

According to the investigation of 
Rao (2017), the peak ground accelera-
tion (PGA) of the Dazhi Market build-
ing during the 2016 Meinong earth-

quake was 0.255 g, and the peak 
ground velocity (PGV) was 0.49 m/s. 

Furthermore, according to the re-
lationship between PGA and the seis-
mic horizontal acceleration coefficient 

 proposed by the Ministry of Eco-
nomic Affairs (2008), the horizontal 
and vertical seismic acceleration coef-
ficients  and  corresponding to 
PGA = 0.255 g are equal to 0.1294 and 
0.0647, respectively. 

For a square foundation on non-
cohesive soil, the seismic bearing ca-
pacity of the foundation can be calcu-
lated from (Hsu et al., 2018): 

 

                                      (1) 

 
 

where q represents the overburden 
pressure above the bottom of the foun-
dation, γ' is the effective unit weight 
(or the submerged unit weight) of the 
soil,  and  represent the static 
bearing capacity factors of the strip 
foundation proposed by Meyerhof 
(1951), and  and  represent the 
seismic bearing capacity correction 
factors proposed by Budhu and Al-
Karni (1993). 
 

For the square spread foundation 
of the Dazhi Market building, the 
width B is 3 m and embedded depth Df 
is 1.5 m. The sandy silt layer in shear 
band zones, after shear banding due to 
strong tectonic earthquakes, tends to be 
compacted under the vibrational effect 
of subsequent weak earthquakes. 

Therefore, as shown in Table 1, the 
internal friction angle φ of sandy silt 
remains at 34° during normal times and 
during earthquakes, whether in a non-
shear band zone or a shear band zone 
without shear banding. However, the 
internal friction angle in shear banding 
zone decreases to 30° due to strain sof-
tening. 

When φ is equal to 30° or 34°, the 
shape factor for a square foundation 

is equal to 1.577 or 1.675, respec-
tively, and  is equal to 0.6. As indi-
cated by the data in Table 1, when the 
static load of the foundation reaches 
537 kN/m2, the foundation bearing 
capacity safety factor FSS is 3.0, and 
this safety factor satisfies the require-
ments of the design specification. 
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When the acting pressure of the 
foundation is 537 kN/m2 during a tec-
tonic earthquake, where the foundation 
soil is unaffected by shear banding in 
the shear band zone, the seismic ulti-
mate bearing capacity of the founda-
tion is 879 kN/m2. When the founda-
tion earthquake safety factor is 
1.64 (i.e., >1.0), the foundation does 

not subside. However, during a severe 
tectonic earthquake, when the founda-
tion soil is affected by shear banding, 
the ultimate seismic bearing capacity 
of the foundation is 510 kN/m2. When 
the foundation earthquake safety factor 

 is 0.95 (i.e., <1.0), the foundation 
subsides. 

 
 

Table 1. Safety factor of foundation bearing capacity of Dazhi Market building during 
normal times and earthquake periods. 

 

 φ qult (kPa)   
Non-shear band zone 

Normal 
times Shear band zone  

without shear banding 
34o 1611 3.00 --- 

Non-shear band zone 
Shear band zone  

without shear banding 
34o 879 --- 1.64 

Earthquake 
periods 

Shear band zone  
with shear banding 

30o 510 --- 0.95 

 
 

Richards et al. (1993) provided Equation 2 to calculate seismic subsidence . 
 

                                        (2) 

where V is the PGV (m/sec), A is the PGA coefficient (dimensionless), g is gravitational 
acceleration (9.807 m/sec2),  is defined in Figure 4, is the critical horizontal seis-
mic acceleration coefficient of foundation seismic subsidence, and  is determined 

by the relationship between  and φ. 
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Figure 4. Shear failure surfaces of foundations for static and seismic conditions  

(Richards et al., 1993). 
 
 

For the Dazhi Market building, 
under the influence of shear banding, 
the internal friction angle φ of the 
foundation soil is 30°, the static foun-
dation bearing capacity safety factor is 
3.0, and  is 0.2, yielding  = 
0.235 and . Data re-
corded at the Tainan station during the 
Meinong earthquake yield the follow-
ing parameters: the peak ground accel-
eration coefficient A = 0.255 and the 
peak ground velocity V = 0.49 m/s. 
The seismic subsidence  calculated 
using Equation 2 is 1.92 cm. 

It is known from engineering eth-
ics (Fleddermann, 2012) that the struc-

ture of the Dazhi Market building is 
complex and the professional cause of 
disaster is a process rather than a single 
factor. Therefore, the simple factors 
proposed by different scholars and pro-
fessional engineers are not the sole 
cause of the fall failure of the Dazhi 
Market building. 

For the Dazhi Market building, 
the process of fall failure can be de-
scribed as follows:  

1) Under static conditions, the safety 
factor of the bearing capacity of the 
building foundation is FSS =3.0. 
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2) During a severe tectonic earthquake, 
regardless of whether the foundation 
is located in a shear band zone or 
non-shear band zone, the earthquake 
does not cause subsidence as long as 
the foundation soil is not affected by 
shear banding, and the safety factor 
of the bearing capacity of the build-
ing foundation is greater than 1.0.  

3) During a severe tectonic earthquake, 
if the foundation soil softens under 
shear banding and the internal fric-
tion angle φ decreases to 30o, the 
earthquake does cause subsidence 
because the safety factor of the bear-
ing capacity of the building founda-
tion is less than 1.0.  

4) Because the phenomenon of stick 
and slip occurs alternately in ground 
vibration, an earthquake causes sub-
sidence when slip occurs, and then 
subsidence suddenly stops when 
stick occurs; further, at the moment 
of sudden cessation, the columns on 
the first floor of the building bear an 

impact force twice the live load LL 
and dead load DL (i.e., 2LL + 2DL). 

5) When the impact force of the col-
umns on the first floor of the build-
ing is greater than the ultimate bear-
ing capacity of the columns, all col-
umns on the first floor of the build-
ing break. 

 
Comparison and Discussion of Results 

 
1) Figure 5 shows the model test re-

sults of the tilting and lifting effect 
of shear banding. Figure 5(a) shows 
the horizontal stratum before tilting 
and lifting, and Figure 5(b) shows 
the strata after the effect of tilting 
and lifting. As shown in Figure 5(b), 
the tilting and lifting effect is ac-
companied by brittle fracture in the 
shear band, and the brittle fracture 
effect is accompanied by an increase 
in the void space within the shear 
band, thus resulting in strain soften-
ing. 
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(a) Before tilting and lifting. 
 

 
 

(a) After tilting and lifting. 
 

Figure 5. Model test results of the tilting and lifting effect of a shear band  
(Hsu et al., 2023). 
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2) For market buildings in Taiwan, the 

number of partition walls per unit 
area on floors above the first floor is 
high. The first floor is an arcade 
without side walls, and the relative 
number of partition walls in the in-
ner area is low. Therefore, the shear-
band foundation soil is strained dur-
ing a severe tectonic earthquake, in-
ducing earthquake subsidence of the 

foundation, and the foundation im-
pacts the soil layer at the moment 
earthquake subsidence suddenly 
stops, exerting excessive impact 
force on the columns on the first 
floor. As a result, the columns on 
the first floor are severely fractured 
under the influence of the excessive 
impact force (Figure 6). 

 

 
 

(a) Fall failure of the first floor 
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(b) Close-up of the fall failure of the first floor (1) 
 

 
 

(c) Close-up of the fall failure of the first floor (2) 
 

Figure 6. Strain softening of shear band soil during a severe tectonic earthquake induces 
fall failure of a typical market building (Dazhi Market building, Tainan, Taiwan). 
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3) Before the pushover analysis and 
test, all the bottom ends of the col-
umns of the market buildings are lo-
cated on a continuous and horizontal 
ground; in other words, all column 
bases are set to sit on a rigid ground. 
After the pushover analysis and test, 
the horizontal ground surface re-
mains horizontal, the continuous 
ground remains continuous, and the 
rigid stratum remains rigid (details 

Figures 7 and 8). Therefore, the 
failure mechanism of market build-
ings obtained by pushover analysis 
and test is completely different from 
the actual fall failure mechanism of 
market buildings in severe tectonic 
earthquakes. Therefore, it cannot be 
used as the design basis for seismic 
reinforcement of market building 
structures. 

 

 
 

Figure 7. Typical results of pushover test (Huang, 2009). 
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Figure 8. Typical results of pushover analysis (Huang, 2009). 
 
 

4) When the strain goes deep into the 
plastic range, as shown in Figure 9, 
the capacity curves obtained from 
both the pushover test and pushover 
analysis indicate strain softening 
behavior; however, in the pushover 

analysis, strain hardening or a per-
fectly plastic capacity curve is util-
ized. In other words, the capacity 
curve employed in the pushover 
analysis does not correspond to the 
actual scenario. 
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Figure 9. Capacity curves obtained through pushover test analysis (Chung, et al., 2013). 

 

 

5) As shown in Figure 10(a), a tectonic 
earthquake originates from lateral 
plate compression. When the strain 
goes deep into the plastic range, the 
plate loses ellipticity because of 
strain softening, and localization of 
deformation occurs under the condi-
tion of instability, forming shear 
bands (Figure 10(b)). During shear 

banding, the stick-slip phenomenon 
persists because of frictional resis-
tance fluctuations over time (Figure 
10(c)). When stick occurs, the plate 
decelerates, and when slip occurs, 
the plate accelerates; therefore, the 
acceleration time history curve can 
be obtained from seismographs 
(Figure 10(d)). 
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(a) Prescribed displacements for a tectonic plate (Hsu, 2018) 
 

 
 

(b) Shear bands induced by localizations of deformations (Hsu, 2018) 
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(c) Repeated stick-slip phenomenon induced by shear banding (Lambe, 1969). 
 

 
 

(d) Deceleration-acceleration time history induced by repeated stick-slip (Hsu, 2018) 
 

Figure 10. Shear bands induced by continued lateral compression and ground vibration 
induced by shear banding of a tectonic plate. 
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6) For the alluvial soil layer of silty 
sand or sandy silt in Tainan, when 
the groundwater table is close to the 
ground surface, shear banding in-
duced by a severe tectonic earth-
quake locally induces highly con-
centrated excess pore water pressure 
(Figure 11). In such instances, the 
ultimate bearing capacity of the 
foundation is reduced by a positive 
excess pore water pressure during 
the compression of the shear band. 

Then, the bearing capacity increases 
due to negative excess pore water 
pressure during the relaxation of the 
shear band. Therefore, when shear 
banding occurs during a severe tec-
tonic earthquake, the occurrence and 
instantaneous cessation of the seis-
mically induced subsidence of the 
foundation continues, causing the 
column to fracture under an impact 
force that is twice the live load and 
dead load. 

 

 
 

Figure 11. Highly concentrated excess pore water pressure induced by shear zone dislo-
cation (Hsu, 2018).  

 

7) Historically, the formulation and 
revision of seismic design codes for 
buildings were overseen by scholars 
specializing in structural dynamics. 
Therefore, although buildings col-
lapsed because of shear banding, the 
inadequate vibration resistance of 
superstructural elements (columns, 
beams, slabs, and walls) has been 

misidentified as the primary cause 
of disasters under unproven condi-
tions. This misidentification has led 
to a continuous increase in the vi-
bration fortification level of these 
superstructural elements. 
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8) Figure 12 shows the failure of Olive 
View Hospital in the United States, 
accompanied by the shear-band tilt 
and uplift effect, resulting in an un-
even uplift of the ground where the 
bottom ends of the columns on the 
first-floor are located. Therefore, 
when the horizontal ground surface 
could not maintain its level, the con-
tinuous stratum could not maintain 
continuity, and the rigid stratum 
could not maintain its rigidity, re-
sulting in the breakage of columns 
on the first floor of the hospital. 
However, Figure 13 shows the 

structural dynamic analysis model 
presented by Chopra (2007), where 
the bottom ends of the first-floor 
columns are uniformly set as fixed 
ends. In this structural dynamic 
analysis, while ensuring that the 
horizontal ground surface, the con-
tinuous stratum, and the rigidity of 
the stratum all remain unchanged, 
the failure pattern of the Olive View 
Hospital obtained through the analy-
sis is entirely different from the ac-
tual failure pattern observed for the 
hospital. 

 

 

 
 

Figure 12. Shear banding induced failure of Olive View Hospital (Chopra, 2007). 
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Figure 13. Dynamic analysis model of uniform five-story frames (Chopra, 2007). 
 

 

9) Figure 14 presents a schematic dia-
gram of the mutual generation and 
mutual restraint between buildings 
and shear bands in the strata. As 
shown in Figure 14, the major cause 
of the collapse of buildings is shear 
banding, and there are many local 
tilt-uplift slopes in the elevated land 

and hillsides, where shear bands 
outcrop. When the construction site 
is leveled using cut-and-fill balance 
techniques during the construction 
period, this may obscure shear 
bands and tilt-uplift slopes, which 
may cause the collapse of buildings 
during severe tectonic earthquakes. 
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Figure 14. Schematic diagram of the mutual generation and mutual restraint between 
buildings and shear bands in strata (Hsu, 2022b). 

 

 

10) When the left and right sides of a 
building are adjacent to shear 
bands (the building in the middle 
of Figure 14) or when the two 
sides of a shear band are adjacent 
to the building (as detailed in Fig-
ure 15), stability during severe tec-
tonic earthquakes is maintained 
when the horizontal floor on which 
all the columns on the first floor of 

the building are located remains 
horizontal, the rigid stratum main-
tains its rigidity, and the continu-
ous stratum remains uninterrupted. 
Buildings conforming to any ver-
sion of the seismic design code can 
thus remain stable during severe 
tectonic earthquakes (Lin et al., 
2022). 
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Figure 15. The buildings on both sides of the shear band that was tilted and uplifted in the 
921 Jiji earthquake continued to remain stable. 

 

11) Because of the continuous lateral 
compression of the tectonic plate, 
the horizontal ground surface may 
become a curved surface (Figure 
14), and a building equipped with 

vibration isolation pads may lose 
its necessary stability conditions 
when the ground surface is inclined 
during a severe tectonic earthquake 
(Figure 16). 
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Figure 16. Vibration-isolated buildings tend to be unstable on a rigid stratum inclined 
during a severe tectonic earthquake. 

 

12) For the alluvial sandy silt layer, in 
the non-shear band zones or in the 
shear band zones without shear 
banding, Table 1 shows that if 
there is no strain softening phe-
nomenon during the tectonic earth-
quake, the safety factor of the 
foundation bearing capacity will be 
reduced from FSS =3.0 to 
FSE=1.64>1.0, so under the cir-
cumstance that the foundation 
earthquake subsidence will not oc-
cur, the market building will not 
collapse. On the contrary, if there 
is strain softening during the tec-
tonic earthquake, the safety factor 
of the foundation bearing capacity 
will be greatly reduced from FSS 
=3.0 to FSE=0.95<1.0, so under the 
circumstance that the foundation 
earthquake subsidence will occur, 

the market building will collapse. 
Therefore, it is known that during 
tectonic earthquake, the strain sof-
tening effect of alluvial sandy silt 
layer is the major cause for the fall 
failure of Dazhi Market building. 

 

Conclusions and Suggestions 

 

Tectonic earthquakes in Taiwan 
are frequent and may result in local 
collapse of many buildings, as occurred 
during the 921 Jiji earthquake. In order 
to safeguard people's lives, the Na-
tional Center for Research on Earth-
quake Engineering has developed an 
evaluation method, which employs 
various techniques, for determining 
whether structural seismic reinforce-
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ment is necessary. Subsequently, the 
Ministry of Education initiated seismic 
reinforcement of school buildings, and 
the Ministry of Economics followed 
closely with the structural seismic rein-
forcement of market buildings. Given 
that the major cause for the fall failure 
of market and school buildings affect 
the effectiveness of the seismic rein-
forcement of structures, this study  
reached the following five conclusions: 
 
1) The major cause for the fall failure 

of market buildings in tectonic 
earthquakes is shear banding, not 
ground vibration. 

 
2) The shear bands or shear textures in 

the vicinity of the Dazhi Market 
building in Tainan, Taiwan, can be 
identified based on historical epi-
center distribution maps, satellite 
imagery, and GPS velocity vector 
distribution maps, and the area adja-
cent to Dazhi Market building can 
be delineated into shear band zones 
and non-shear band zones. 

 
3) For a market building located in an 

alluvial sandy silt layer in a non-
shear band zone or in a shear band 
zone without apparent shear band-
ing, the building foundation soil is 
solely subjected to ground vibration. 
When the seismic design is rein-
forced against ground vibrations, 
market buildings do not collapse 
under the influence of ground vi-
bration. 
 

4) For a market building located in the 
alluvial sandy silt layer in a shear 
banding zone, the building founda-
tion soil is simultaneously affected 

by shear banding and ground vibra-
tion. When the seismic design code 
exclusively addresses ground vibra-
tion, market buildings collapse un-
der the combined influence of 
strain softening and tilting-lifting 
induced by shear banding. 

 
5) Market buildings situated in non-

shear band zones or shear band 
zones where shear banding is ab-
sent did not collapse during the 921 
Jiji earthquake because of ground 
vibration. Provided that the build-
ings pass the physical verification 
of ground vibration, enhancing the 
level of ground vibration fortifica-
tion through structural seismic rein-
forcement is not necessary. 

 
Based on the above five conclu-

sions, the authors make the following 
two suggestions: 

 
1) The major cause for the fall failure 

of buildings must be included in the 
seismic design codes for buildings 
in the future. 
 

2) Because seismic design codes focus 
only on ground vibration fortifica-
tion, professional engineers can 
adopt any version of the seismic 
design code, in addition to consid-
eration of the shear banding effect, 
in order to achieve the performance 
design goal while taking into ac-
count economy. 

 



2023-1354 IJOI 
https://www.ijoi-online.org/ 

 147 

References 
 
Budhu and Al-Karni,“Design Charts 

for Seismic Bearing Capacity of 
Shallow Footings,” King Saud 
University, College of Engineer-
ing, Civil Engineering Depart-
ment, Riyadh, Saudi Arabia, 
1993 

Central Geological Survey, MOEA, 
“Soil Liquefaction Potential Sys-
tem,”Website:http://www.geol
ogycloud.tw/map/liquefaction 
/zh-tw, 2016 

China Earthquake Disaster Prevention 
Center, "How does earthquake 
happen?---Type of earthquakes," 
China Digital Science and Tech-
nology Museum: Earthquake, 
Website: 
https://amuseum.cdstm.cn/AMus
eum/earthquak/, 2017 

Chopra, Anil K., Dynamics of Struc-
tures, Theory and Applications 
to Earthquake Engineering, 3rd 
Edition, Pearson Prentice Hall, 
2007 

Chung, Lap-Loi, Ku, Ting-Yu, Huang, 
Chun-Ting, Yang, Yao-Sheng, 
Lai, Yong-An, Wu, Lai-Yun," 
Simplified pushover analysis for 
in-situ test of existing school 
buildings", Structural Engineer-
ing, Vol. 28, No.2, pp. 3-29, 
2013 

Coffey, J., “What are the Different 
Types of Earthquakes?” Universe 
Today, Space and astronomy 
news, Website: 

https://www.universetoday.com/8
2164/types-of-earthquakes/, 2019 

Fleddermann, Charles B., Engineering 
Ethics, 4th Edition, Published by 
Pearson, University of New 
Mexico, Website: 
https://www.pearson.com/en-us/ 
subject-catalog/p/engineering-
ethics/ P200000003404/9780137 
848263, 2012. 

Google Earth, Website: 
http://www.google.com.tw/intl/z
h-TW/earth/, 2020 

GPS LAB, Website: 
http://gps.earth.sinica.edu.tw/, 
2007 

Hsu, Tse-Shan, Hong-Chia Chang, 
Chao-Ming Chi, "The Major 
Cause of Building Fall Failures 
During Tectonic Earthquakes," 
International Journal of Organ-
izational Innovation, Vol. 10 No. 
4 pp. 1-31, 2018 

Hsu, Tse-Shan, “Plasticity Model Re-
quired to Protect Geotechnical 
Failures in Tectonic Earth-
quakes,” A chapter in “Earth-
quakes-Recent Advance, New 
Perspectives and Applications,” 
Edited by Walter Salazar, DOI: 
10.5772/intechopen.107223. 
2022a 

Hsu, Tse-Shan, “Seismic Conditions 
Required to Cause Structural 
Failures in Tectonic Earth-
quakes,” A Chapter in “Natural 
Hazards - New Insights,” Edited 
by Mohammad Mokhtari, ISBN 



2023-1354 IJOI 
https://www.ijoi-online.org/ 

 148 

978-1-80355-850-9, IntechOpen, 
2022b 

Hsu, Tse-Shan, Yi-Lang Hsieh, and 
Shih-Yin Lai, "The Major Cause 
for the Disaster of Houfeng 
Bridge: Shear Banding," Journal 
of Chinese Institute of Civil and 
Hydraulic Engineering, Vol. 36, 
No. 4, pp. 1~9, 2009. 

Hsu, Tse-Shan, Hong-Chia Chang, 
Chao-Ming Chi, "The Major 
Cause of Building Fall Failures 
During Tectonic Earthquakes," 
International Journal of Organ-
izational Innovation, Vol. 10 No. 
1 pp. 1-31, 2018. Website: 
https://www.ijoi-
online.org/attachments/article/63
/0867%20Final.pdf 

Hsu, Tse-Shan and Yu-Ming Kang, 
"Study on the Distribution of 
Shear Bands in Existing Storage 
Reservoirs and Their Corre-
sponding Design and Rein-
forcement Methods", Research 
Report Commissioned by the 
Central Water Resources Bureau, 
Water Resources Department of 
the Ministry of Economic Af-
fairs, 2010 

Hsu, Tse-Shan, Yu-Chien Wu, Zong-
Lin Wu, Hong-Chia Chang, 
Chang-Chi Tsao, Tsai-Fu 
Chuang, “Tectonic Framework 
Induced by Shear Banding: A 
Case Study of the South Taiwan 
Island Arc,” International Jour-
nal of Organizational Innovation, 
Vol. 15, No. 4, 2023. 

Huang, Shyh-Jiann, E-paper of 
strengthening project office for 
school buildings, No. 2, National 
Center for Research on Earth-
quake Engineering, 2009 

Meyerhof, G. G., “The Ultimate Bear-
ing Capacity of Foundations,” 
Geotechnique, Vol.2, No. 4, pp. 
301-331, 1951 

Richards, R. Jr., Elms, D. G., and 
Mudhu, M., “Seismic Bearing 
Capacity and Settlements on 
Sands,” Journal of Geotechnical 
Engineering Division (ASCE), 
Vol. 199, Issue 4, pp. 662-674, 
1993 

 


