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Abstract

In general, the US codes such as the UBC-97 and ASCE-7 are widely used in developing countries
including Myanmar, Syria, Philippines and so on. When the current seismic design guideline based
on the UBC-97 and ACI 318-99 in Myanmar is assessed, several problems can be found in the
following items: firstly, the fundamental period is not checked in modeling; secondly, reduction
factor R is introduced a priori for the base shear estimation. And finally, a limit state assessment is
done only for Design Basic Earthquake (DBE) but not for other design earthquakes. As a result,
adequate yield strength is not checked for Maximum Operational Earthquake (MOE). Then there is
no way to assess the seismic safety of the ultimate limit state for Maximum Considered Earthquake
(MCE). In order to solve these problems, a rationalized seismic design method for earthquake prone
developing countries is proposed. A new seismic design method is developed for MOE and MCE
with adequate yield acceleration and typical period of the building estimated by using pushover
analysis. A simplified procedure to estimate the inelastic response for a given design spectrum is
also proposed. Finally, this design procedure can provide a rational method to assess the seismic
safety for the ultimate limit of the building.

Keyword: Buildings, Probability of failure, Quality control of construction, Reduction factor, Seismic
design code, Yield acceleration.

Introduction

Earthquake-prone regions are world-widely located in the developed as well as developing
countries which include Myanmar, Syria, Philippines and so on. Among some of countries,
various seismic design guideline and/or codes have been established based on their local
geophysical, industrialization and socio-economic needs and conditions. In general, the US
codes such as the UBC-97 [14] and ASCE7-05 [2] are widely used in developing countries.
Actually, those codes provided simple procedures based on essential principles such as
Energy Conversion Rule or Equivalent Linearization based Capacity Spectrum Method to
consider earthquake excitations for seismic design.

However, the direct transplantation from developed countries’ codes might not
always provide the adequate design code for those countries which have different earthquake
environment or construction resource conditions. And it also should be noted that some
developing countries are situated in earthquake-prone area, but the others are not. Therefore,
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the most appropriate design code should be adopted to assess the seismic safety for their
geophysical and socio-economic conditions. And to be more important, those countries may
have keen interest in how to mitigate it.

At first, in Myanmar, although many major faults have been found in this country,
there is almost no seismic design guideline for buildings until recently. Presently, existing
foreign building codes of the UBC-97 and ACI 318-99 [1] are introduced in some practical
structural design and especially some design parameters such as seismic load and load
combinations are a priori followed without tuning to fit the local seismic and economy
characteristics. And some important steps and safety checks are mandated on the engineers’
empirical calls.

Second, the Syrian seismic design code [16] follows the same approach as UBC-97
which provides straight forward procedures to calculate the seismic force. Relying on seismic
site characteristics and structural properties certain seismic coefficients are chosen from
tabulated data to be directly used to estimate the seismic force. This approach which depends
mainly on a smooth elastic design spectrum does not require the use of Design Basis
Earthquake (DBE) and Maximum Considered Earthquake (MCE). For the dynamic analysis,
on the other hand, simplified quasi-static methods are often used to important RC buildings
and infrastructures.

Advanced dynamic analysis methods applied to high-rise and irregular shaped
buildings such as time history analysis are briefly mentioned in the Syrian design code. But
these methods are not fully understood within the Syrian engineering community and
therefore rarely used in real practice. Instead, reduction factor (R) is used to calculate the
seismic force for elastic design, although R in principal reflects the inelastic behavior of the
structure. The value of R in the current code is only related to the structural lateral resisting
system and building material and is taking as constant for a specific building structure.

Third, National Structural Code of the Philippines (NSCP) [17] has been revised
several times since 1972. The seismic design procedure of this code also basically follows the
same approach as UBC-97. Once the maximum acceleration response spectrum based on the
geological and seismic condition is given, the base shear coefficient can be obtained as the
ratio of this acceleration value divided by reduction factor, R. This base shear coefficient is
used to the ultimate strength design of the building. In the seismic design procedure of NSCP,
the displacement limit in terms of inter-story deflection angle is more severe than that of
UBC-97.

From these investigation, three developing countries above mentioned follow the
similar approach in the seismic design method as UBC-97 and they have some differences on
the seismic design approach and an adequate use of reduction factor.

In order to discuss about the seismic design issue in the developing countries, as a
typical example, the seismic design situation in Myanmar is investigated in detail.

When the current seismic design guideline in Myanmar is assessed, several
problems can be found as the following items:

e Key Issue 1: The fundamental period is not checked in modeling.

e Key Issue 2: Reduction factor R is introduced a priori for the base shear estimation.

e Key Issue 3: A limit state assessment is only necessary for DBE but not for other
design earthquakes.
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Structural modeling is an important process for a designer. When the prototype
model is decided, its fundamental period should be checked, at least in a simplified way, to
confirm that it is inside a reasonable range comparing with the database of the current
buildings, he might fail to select an appropriate structural system. Since the UBC-97does
not mention any step to check the fundamental period given eplicitly, some local engineer
might neglect some mistakes in the model.

Key issue 2 is related to the reduction factor, R, by which the UBC-97 develops an
corresponding linear design procedure to evaluate the nonlinear response drift of the
buildings and also to conduct safety assessment for structural elements. Since the reduction
factor is decided by the structural seismic resistant system without consideration of
structural period, so that, the capacity level of the structural model cannot be guaranteed, as
it is difficult to obtain the practical solution without any change of reduction factor or the
base shear. This study can provide a solution for this issue by introducing the yield
acceleration to the current design method instead of reduction factor.

Generally, in the limit state design, the damage limit, repairable limit and ultimate
failure limit should be checked due to the Maximum Operational Earthquake (MOE), the
Design Basic Earthquake (DBE) and the Maximum Considered Earthquake (MCE). As
mentioned in Key issue 3, the current design code requests to assess response check only
for DBE but no for MCE. The building owner can request higher safety design by multiple
different limit states in order to decrease the potential seismic risks. Is there any
appropriateness in the single limit state assessment instead of the multiple targets? In this
study, an updated seismic design method for earthquake prone developing countries is
proposed. A case study is conducted for Myanmar.

Problems in the Current Method

Fundamental Period

The fundamental period, T, , is calculated at the initial stage based on the formulae given in
the UBC-97.

T =0.0853H%* (1)

Here H is the building height (m).

But this period has not been referred in the current seismic design procedure in
Myanmar. When a local engineer builds a numerical model, he/she should check the
fundamental period of the model by Eigen-value analysis, mostly this checking process has
been neglected.

In the practical stage, structural member sizes would be selected from the existing
data base of building designs. It is not checked, however, whether this data base is appropriate
or not. Once this procedure is fixed, a new higher quality member which is not included in
the existing data base cannot be adopted as a structural member.

Misunderstanding of the formula of a fundamental period is also another issue
causing some problems. The UBC-97code and Japanese code [8] prepare the design formula
to control a structural modeling. Figure 1 shows a data base of high-rise buildings in Japan
which shows practical samples of the possible building periods.
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Figure 1. UBC-97 formula and Japanese code formula comparing with fundamental period
and building height data base in Japan [13]

A thick line is given by the formula of UBC-97 and the thick broken line is for
Japanese code. UBC-97 formula shows an approximate upper curve of the fundamental period
of high-rise buildings in Japan. Using this UBC-97 curve, it can be used to check whether
current model has a smaller period than this curve.

In Myanmar, a fundamental period (#) of the existing buildings shows a longer period
than that of the UBC-97 curve as shown in Figure 1.
Reduction Factor

In the UBC-97, the reduction factor, R, is defined as the numerical coefficient representative of
the inherent over-strength and global ductility capacity of lateral-force-resisting system [10].
Thus R is a priori introduced in the initial stage of the design process as a representative
coefficient of structural characteristics. Especially, the reduction factor for the yield
acceleration, Ay, is defined [3] as following equation.

S
R =24 (2)
y Ay

Here Ay is an acceleration corresponding to the yield strength and Sa is a response
acceleration spectrum. In the current design code, design seismic load is based on only DBE,

and Sa is replaced as S;°F.

In the UBC-97, the reduced base shear force, V, is defined as

where W is the weight of the structure. This definition is used to estimate the seismic load in
design codes such as ASCE 7-05, IBC 2006 [6] and UBC-97.
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Drift

Applying the input seismic force of V for a multi-story building as shown in Figure 2, the elastic
response displacement, {u;,i=1,---n}, for each story can be obtained by solving an equilibrium

equation for inertia loadings. When the relative story drifts, Au;, in which the i-" story drift
can be given by Au; =u; —u;_4, is surveyed and obtained from the multi-story building response,

the maximum relative story drift, A, can be given by
Agy = max|du| (4)

It should be noted that this maximum drift, A, , should be given for the reduced base shear force,
V. Then the maximum relative story drift for unreduced base shear force is given by

As; = RAgy (5)

These two relative story drifts are shown in Figure 3.

+— Ay,
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7
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Figure 2. Relative displacement of the neighboring floors
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Figure 3. lllustration of accelerations and their corresponding displacements

In the practical seismic design in Myanmar, these two drifts, A, and A, have been

used as mutually different drifts by some engineers, but many others use them without any
distinction and they might adopt smaller drift of A instead of Ag,for checking the building

drift. This error will be avoided if the seismic load is defined as the base shear force without
reduction.
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Safety Assessment by Current Method

The structural safety for MOE is assessed for the elastic yield strength, while the safety for
MCE is checked for the inelastic limit displacement.

When a seismic acceleration corresponding to the seismic load exceeds the yield
acceleration, the multi-story building produces the inelastic response [5]. There are several
means to evaluate the inelastic response such as

(1) Estimation from Energy Conversion Rule based on a single-degree-of-freedom-
system model,

(2) Step by step time history integration based on the simplified bi-linear or other
hysteresis model, and

(3) Equivalent Linearization based Capacity Spectrum Method (CSM).

Following the UBC-97, the first method is most often practiced one. And the
maximum inelastic response is estimated by the following equation.

A$;= 0.7RA¢, (6)

Based on the Engineering Conversion Rule, on the other hand, the maximum inelastic
displacement is formulated by

Ay=u-u, (7

in which and uy is the yield displacement, and xis called as ductility by which the maximum
response is related with the yield displacement.

According to Equation (6) and Equation (7), both drifts can be shown in Figure 3, but
AS; is smaller than Asz and Awm is larger than As,.  From the safety design aspect, the maximum
drift must be larger than As. If so, A% given by Eq.(6) cannot be accepted, although the
equation (6) was obtained as an approximation on the applicability to a multi-degree-of-freedom
system such as high-rise buildings [15].

When a critical limit value, ucr, is given as a structural safety level, the safety
assessment is checked by the following inequality formula.

AM < ucr (8)

If the inelastic response exceeds the critical limit value, the structural model should
be updated until its response is small enough than the critical level. The possible solution to

reduce the inelastic response A, is to increase the present yield acceleration or to improve the
ductility of structure in order to increase Ucr.

Unfortunately, in the current code, there is not any description about the relationship
between the reduction factor and the yield acceleration. By neglecting the original meaning of

reduction factor, Myanmar’s engineer can obtain appropriate yield acceleration A; by the

proposed method in this study. Figure 4 shows the current seismic design procedure to be used
in Myanmar.

ASEAN Engineering Journal, Vol 11 No 4 (2021), e-ISSN 2586-9159 p. 271



| Start )

™

DEE
L

¥ _
T, = 0.0853H3*
L
A priori given R
L
4—( Structural model
T
SPEW
R
L i
Elastic response analysis
¥
|.”*z DBy = Wy — g i=12...,n

¥
Ay = 111.ax|ﬂ“ | |
¥
| Ay=07RA,; |

¥

No ‘ﬁ'f ‘i HLDJEE__, —

Yes
¥

S‘rop )

—

Figure 4. Flow chart of the current seismic design procedure

A Limit State Assessment

When a seismic safety assessment is conducted for multiple limit states, safety evaluation data
will be accumulated, and the stakeholder will obtain much more accurate information for
seismic risk assessment.

The stakeholder who has more accurate seismic risk information [9] can evaluate the
effectiveness of his additional investment of seismic design and disaster mitigation action, and
by decreasing insurance cost for future seismic risk. Therefore, the seismic risk analysis is an
important tool to discuss on the multiple limit state assessment.

From this point of view, a single limit state approach for DBE is not enough for a
building owner who is expecting higher safety under severe seismic risks. In general, several
US code, I1SO code, and any other codes of Japan and New Zealand recommend adopting
multiple limit state assessment approach.

A Rational Design Method Based on Yield Acceleration

Basic Procedure

To avoid the misunderstood and double counting R, a new procedure is proposed without R.
Instead of Energy Conversion Rule, the inelastic response is directly estimated by the dynamic
response analysis of an elastoplastic hysteretic system which has a fundamental period, T, and
the yield acceleration, Ay.
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Figure 5. Flow chart of the proposed seismic design procedure for MOE

Figure 5 and 6 are seismic design flowchart for MOE and MCE. Then the response
acceleration of S)°F is checked to be less than the yield acceleration. The inelastic response

for MCE, on the other hand, is estimated by using the yield displacement and the ductility factor
which is obtained from the maximum displacement data base of nonlinear dynamic responses
of a single-degree-of-freedom system having various fundamental periods, T.

The ductility factor is calculated for any earthquake acceleration as a function of T
and Ay as

MCE = ,u(T, Ay‘SrA\ACE) (9)

In this study, the ductility factor is obtained by using the simulated acceleration time
history whose response spectrum is equal to the design spectrum given by the design code. The
detail procedure will be described in the next chapter.

When the fundamental period and the yield acceleration are prepared, the input
acceleration is assigned. And the corresponding ductility factor is given from Equation (9).
Combining the ductility factor and the yield displacement at the critical point of the building,
the inelastic response is given as

Ay = 1" 0, (10)

If the inelastic response exceeds the critical level for MCE, this design procedure is
repeated by upgrading the yield acceleration or by modifying the fundamental period.
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Two design methods are compared in Figures 8 and 9, in which the following items
can be pointed out as disadvantage of the current method.

(1) An appropriate Ay can be obtained from the assessment for MOE, but not for DBE.

(2) The reduction factor R is a priori given in the current method, so the yield acceleration Ay
is also fixed by Equation (2). But under the fixed reduction factor, the current procedure
cannot provide the final solution which is obtained by changing Ay.

(3) If the reduced seismic response A, is used instead of A,, the maximum drift might be

underestimated. Unfortunately, many engineers in the developing countries show the trend
to adopt A, instead of A, in the drift assessment.

And the following items are summarized as advantage of the proposed method:

(1) Structural safety for MOE and MCE can be assessed based on the physically clear limit state
points of failure mode.

(2) The reduction factor of R, which cannot control the yield acceleration, is not used in the
seismic safety assessment procedure. Directly the yield acceleration is used to control as the
structural safety parameter.

(3) At first, assumed yield acceleration is checked whether the maximum drift condition is
satisfied or not. Once the yield level is checked, the elastic structural analysis is executed to
assess the safety of the structural elements.

(4) Human error such as misunderstanding of A, instead of A, can be avoided.
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(5) Formula of A, in the proposed method is derived from the theoretical basis. Any time

history data of the past earthquakes and the modified wave forms to be compatible with
design response spectra can be utilized to estimate the maximum drift.

Safety Assessment by the Proposed method

A sample of structural model is introduced to discuss the proposed design method. Model data
is summarized in Table 1. Figure 7 shows a seismic loading model in this study. Figure 8 shows
the relationship between the ductility factor and fundamental period of the structural model.
The curve of Critical level in these figures means the value of the critical displacement divided
by the yield displacement.

Table 1. Critical Displacement at the Check Point for DBE and MCE

Item Symbol Unit DBE MCE
Floor height h m 3 3
Critical displacement Uer m 0.06 0.12
Yield acceleration A, g 0.5 0.5
F” >
U «—— Structure with n stories
Level i w;

w;: weight of i-th floor
F;: lateral force of i-th floor
V: base shear force

' V

Figure 7. Distribution of seismic forces [2]

The curve of seismic load means the seismic response in terms of ductility factor. In
Figure 8 and 9, the modified Kobe earthquake data is introduced as an input seismic load of
MCE level. The detail calculation procedure of the inelastic response is given in the next
chapter.

In Figure 8, the seismic load curve is less than the critical level over the whole period.
Therefore, the structure having Ay=0.5¢ is still seismically safe for MCE class loading. But if a
lower yield acceleration is introduced such as Ay=0.25¢g as shown in Figure 9, the structural
response exceeds the critical level at 0.3sec to 0.8sec. From the view point of seismic design,
the yielding acceleration should be upgraded in order to keep the seismic inelastic performance.
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Ductility Factor Obtained from Yield Acceleration Spectrum

Yield Acceleration Spectrum

The yield acceleration of a single-degree-of-freedom system can be calculated by Newmark’s
method [11]. Once a ductility factor is assigned, the corresponding yield acceleration can be
given for typical periods.

Strong motion data of earthquake acceleration are collected from ground motions
measured at USA, Japan and Taiwan such as ElI Centro 1940, Kobe 1995 and Chi Chi
1999.These three different earthquakes show their own characteristic yield acceleration curves
for the ductility factor of 5 as shown in Figure 10. Among them, Kobe and El Centro curves
show a similar profile, but Chi Chi curve is different from the others.

S p=5 —#— Kobe
c 1 —&—FE| Centro
g B ChiChi
©
3
8 0.1
&
=)
2
>0.01
0.1 1 10
T(sec)

Figure 10. Yield acceleration of unmodified ground motion for three different earthquakes

Yield Acceleration Spectrum Compatible with A Design Spectrum

The current seismic design guidelines provide a design response spectrum for each performance
level. To meet this requirement, artificially generated strong motion data which is compatible
with the current design spectrum [12] is simulated by the method proposed by JHRA [7]. The
phase difference of the simulated ground motion is given with a white noise model which might
be different from that of measured ground motions.
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The simulated ground motion is generated to be compatible with the design response
acceleration spectrum specified by 1SO. The phase characteristic is randomly given with a white
noise. As the real ground motion, on the other hand, Kobe earthquake data is adopted, but its
acceleration is modified to meet the requirement that the response acceleration spectrum should
be the same as that of 1ISO [4].

As a result, the response acceleration spectrum of two earthquakes should be the
same as that of the 1SO. But the phase characteristics for these two earthquakes are not
identical.

From the numerical results obtained in Figures 11, it is concluded that the yield
acceleration spectrum can be evaluated for each ductility factor. The curves for the ductility
factor of larger than 5 are converged into the same value in all the figures.

(2)
(8)

e
o
ot

Yield acceleration
Yield acceleration

0.001

0.001

T(sec) T(sec)
(a)Random, I1SO (b) Kobe, 1SO

Figure 11. Effect of the phase difference

Conclusions

The UBC-97 has been world-widely adopted as a seismic design code for buildings in the
developing countries. But, in these countries, this code has been misunderstood in the process
to check the appropriateness of the structural modeling, to estimate the inelastic response and
to assess the safety at the limit state. As a result, the safety assessment for buildings has been
under-estimated. To solve this problem, a new design method is proposed. The following points
can be summarized as the problem and its solution:

(1) In the current design method, the reduction factor, R, is a priori given as the code
requirement. But when the structural response exceeds the critical level, the optimal solution
cannot be obtained without decreasing reduction factor. In order to solve this unreasonable
requirement, many nonlinear analyses have been repeated. But this problem can be solved
by reforming the seismic design frame work with the yield acceleration, Ay, instead of the
reduction factor.

(2) In the proposed design method, the maximum inelastic drift, A,, , is obtained from the
ductility factor, «, and the yield displacement, uy. In this method, the ductility factor is

directly estimated by the fundamental period of T and the yield acceleration, Ay, from the
maximum displacement data base which is produced from the dynamic response analysis
for a single-degree-of-freedom system.
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(3) Currently, earthquake of DBE has been adopted for seismic assessment. But the repairable
limit for DBE is related not only on the physical characteristics but also on the maintenance
strategy, so DBE is not appropriate for seismic safety assessment. In the proposed design
method, the yield strength in terms of yield acceleration should be checked to be large
enough for the structural response by earthquake load of MOE. Using this yielding
condition, the maximum inelastic drift is also checked for the response displacement by
earthquake load of MCE.
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