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Abstract The developing countries in the earthquake prone regions in the world
are still suffering a lot of casualties as well as building damage. These damages
might be caused by inadequate structural design by engineers and/or poor quality
control of construction works. In order to contribute to disaster mitigation for
existing reinforced concrete (RC) buildings in developing countries, the simplified
structural evaluation method based on the philosophy of Japanese evaluation
standard; JBDPA (The Japan building disaster prevention association. Standard for
seismic evaluation of existing reinforced concrete buildings, 2001) vis-a-vis the
international seismic code; IBC (International Code Council, Inc. International
Building Code, 2000) was developed by Seki (J Earthq Sci Eng, 2015). However,
this evaluation method doesn’t consider the infilled brick masonry wall inside the
beam and column. The usual RC building has many infilled brick masonry walls
but these are not considered in the structural seismic design. They have the benefit
in the strength capacity and the disadvantage in the brittle failure mode. For the
structural evaluation of existing RC buildings, the consideration of the infilled brick
masonry wall is quite important to get the actual behavior during the strong
earthquake. The main objective of this study is to take the infilled brick masonry
wall into the structural evaluation for the existing RC building in developing
countries.
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1 Introduction

The proposed evaluation method is based on JBDPA (2001). The seismic index of
structure Is shall be calculated by E,, Sp and T at each story and in each principal
horizontal direction of a building. The irregularity index Sp in the first level
screening and the time index T may be used commonly for all stories and direc-
tions. The basic and most important structural index E, is calculated from C * F
formula. The back ground of this formula is based on Blume et al. (1961). This
proposed method of this paper is developed for the preliminary screening among
buildings, so Is index is basically calculated by the structural and architectural
drawings without in situ survey, then it corresponds to the first level screening
procedure in JBDPA (2001) (Fig. 1).

2 Proposed Evaluation Method

2.1 Simplified Seismic Index: Igg
Iss = Ess * Ssp * Ts (1)

where,

Ess Simplified structural index
Ess Maximum values of following three index;

(i) (Cssw +0.7 * Cssp) * Fw
(11) CSSB * FB (2)
(111) \/(CSSW * Fw)2 + (CSSB * FB)2

Ssp Simplified Irregularity Index (here assumed to be Sgp = 1.0)
Ts  Simplified Time Index (here assumed to be Tg = 1.0).

Fig. 1 Strength index (C) vs.
ductility index (F) (JBDPA
2001)

— Strength Index (C)

Fw Fs
— Ductility Index (F)
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2.1.1

Cssp and Cgsw Index; Strength Index

(i) Bare frame

CSSB = T¢ * ZAc/W

Average shear strength of column (N/mm?) (after JBDPA standard)

hy/D > 6 1. = 0.7 N/mm?
hy/D £6 .= 1.0 N/mm?>

(i) F

where,

2.1.2

Clear height of column (mm)
Depth of column section (mm)
Total area of columns (mm?)
Total weight of building (N)

rame with infilled brick wall

Cssw = (2% Tc x ZAc + oL x Ty, * ZA,)/W  (Commentary A)

Average Shear Strength of Column (N/mmz) (JBDPA 2001)
Total area of culumns (mmz)

Averag shear strength of infilled brick wall (mm?)

0.2 N/mm?

Total area of walls (mm?)

Opening reduction factor of infilled brick wall (BSAO 2007)
1—y here, o 2 0.6

Opening factor defined in Fig. 2.

Fg and Fw Index; Ductility Index

Fg = Rp/Qp (Commentary B)
Fw = Rw/Qow

Ductility index of bare frame

Ductility index of frame with infilled brick wall
Response modification factor of frame

Response modification factor of infilled brick wall

495

3)

Based on the structural type: Defined in the concerned country’s seismic

design code.
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Frame Infilled Brick Wall
Y
b’ Tw 7 =0.7 Mpa: /D>6
> TC TC < n Cep I:]TC‘ 1.0 Mpa: /D=6
r o
' 7 w= 0.2 Mpa
- 1 = —_— a=1-y
- Ll w=t*lw
IJ_'IK ABD |J_-|B y=/(TR)/(h)<0.4
L lw
Csse=(Tc*A)/W Cssw=(2Tc*Act a *Tw-AW)/W

Fig. 2 Definition of Cggg and Cgsw

Qog  Over strength factor of frame.

Qow Over strength factor of infilled brick wall
Based on the structural type: Defined in the concerned country’s seismic
design code.

2.2 Simplified Service Load Index: Ig;, (N/mm?)
ISD =W / YAc (6)
where,

W Total weight of building (N)

SAc Total sectional area of columns (mm?)
In case of infilled brick wall, Ac is the column’s area except the brick wall
area.

3 Judgment Index

3.1 Simplified Seismic Judgment Index: 1SS0
Isso = Spa *Is  (Commentary C) (7)

where,

Isso Simplified seismic judgement index
Spa The design spectral response acceleration
Is  The occupancy importance factor.
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3.2 Simplified Service Load Judgment Index: ISDO (N/mm?)
Ispo1 = 0.4 x Fc  (Commentary D)

ISD02 =0.7xFc

where,

Fc Designed concrete strength (N/mm?).

4 Judgment Method

4.1 Simplified Seismic Capacity

Iss = Isso : Higher than seismic capacity demand (SA)
0.5Iss0 < Iss <Isso : Lower than seismic capacity demand (SB) 9)

Iss < 0.5Igg0 : Remarkably lower than seismic capacity demand (SC)

4.2 Simplified Service Load Capacity

Isp < Ispo; : Higher than service load capacity demand (DA)
Ispor < Isp < Ispos : Lower than service load capacity demand (DB)
Ispoz < Isp : Remarkably lower than service load capacity demand (DC)
(10)

4.3 Final Rank Based on Combination of Seismic Capacity
and Service Load Capacity

Final structural rank based on combination of seismic capacity and dead load
capacity can be obtained as following Table 1.

Table 1 Final capacity rank of simplified structural evaluation

Final Combination of seismic capacity and Recommendation

capacity rank | service load capacity

A SA-DA Safe

B SA-DB, SB-DA, SB-DB Detail evaluation
recommended

C SA-DC, SB-DC, SC-DA, SC-DB, SC-DC Immediately detail evaluation
recommended
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5 Commentary

5.1 Commentary A

5.1.1 Strength Index of Frame with Infilled Brick Wall
Cssw = (2% T * ZAc + oL * Ty * A, ) /W (11)

where,

Te Average shear strength of column (N/mm?) (JBDPA 2001)
SA. Total area of culumns (mm?)

Ty Averag shear strength of infilled brick wall (mm?)

T w = 0.2 N/mm?

A, Total area of walls (mm?)

The shear strength of infill panel (1) was assumed as 0.2 MPa in Fig. 3. As this
estimation procedure is basically performed by structural and architectural drawing,
in-site material test is not carried out, therefore the minimum and conservative value
was decided based on the various research works and seismic codes. The shear
strengths in terms of the prism strength (fm) presented by AlWashali et al. (2017)
and Sudhir et al. (2014) are shown for the comparison. In case of the strength less
than 5 MPa, the proposed 0.2 MPa of shear strength might overestimates the real
shear strength of infill wall panel.

Shear Strength of Infill Panel

1 —

0.9
0.05fm: AlWashali, 2017
- m ashali, ZQ\
0.7
= 0.125vfm: Sudhir ,2014
E 0.6
< N
05 |—o—o—o—o—0—6—o—G—C— =g ﬂa—o—e—o—d—- Sudhir, 2014
i <— NSET, 2009
0.4 &= —t— 00— 00— 00— 0——O—0—0—0—0—0
o ¥~ MsJc, 2011
03 — <— NTC-M, 2009

—.r‘.—.-.-.—.—.—.—.—.—.—.—.—.—.—.—. & ASCE/SEI 41-06
02 . ¥~ Tec, 2007

01 ——o
Proposed shear strength of infill panel (0.2 MPa)

0

0 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21
Fm (MPa)

Fig. 3 The shear strength of infill panel (1)
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5.1.2 Opening Reduction Factor (o) (BSAO 2007)

o = 1—y; (here, o 2 0.6)
v = Y(area of opening)/(area of infilled brick masonry wall), (here, y < 0.4).

Figure 4 shows the comparison of opening reduction factor between BSAO (2007)
and AlWashali et al. (2017). o factor in vertical axis is defined by BSAO (2007) and
hop factor of horizontal axis is defined by AlWashali et al. (2017). The factor of
BSAO (2007) is more conservative than experimental data. According to the
experimental data, the effective zone of resisting seismic zone by BSAO (2007)
should be less than 0.6. There are many types of infill wall as shown in Fig. 5,
therefore this factor’s evaluation needs more discussion.

5.2 Commentary B

The relation of lateral seismic force V and lateral deformation (drift) A is shown in
Fig. 6. Also response modification coefficient R, system over strength factor € and
deflection amplification factor Cd are shown. These values for the reinforced concrete
frame defined in IBC (2000) are shown Table 2. In case of infilled wall frame, ordi-
nary reinforced masonry shear walls (E) may be recommended in Table 2.

Opening
O v
Short Column v2 O
Brick wall
vs0.4 vs0.4 y=yl4y250.4
(o) ok! (X) NG! (0)oK'!

-——E:—-\l N~ 7

N B z
Void \ / s \ Crack
Crack:

<
~3
i \\M ;/" N
ys0.4
(X) NG! (X)NG! (X) NG!

Legend: (0) OK ; Structural Member
(X) NG ; Not Structural Member

Fig. 4 Reduction factor of shear strength of infilled panel
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Fig. 5 Various type of the frame with infilled brick wall
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Fig. 6 Relationships between response modification coefficient R and structural over strength
factor 4 and ductility reduction factor R,, (Mwafy 2002)

For the seismic evaluation, as Japanese standard JBDPA (2001) is based on the
inelastic behavior, ultimate inelastic lateral deformation should be defined. In Fig. 7
the relationships between R factor and Fs factor based on IBC (2000) is shown. R is
reduction factor which is the same as ductility factor for elastic design and Fs is the
ductility factor for inelastic design. In this proposed simplified seismic evaluation
Fs should be used. The relationship between R and Fs can be obtained as
Formula 12.
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Table 2 Design coefficients and factors for basic seismic-force-resisting system for reinforced
concrete moment frames (IBC 2000) (extract)

Basic seismic—force—resisting system Response System | Deflection
modification | over amplification
coefficient strength | factor (Cd)
(R) factor

Qo)

Special reinforced concrete moment frames 8 3 5172

Intermediate reinforced concrete moment frames 5 3 4172

Ordinary reinforced concrete moment frames 3 3 212

Dual system with special moment frames

E. Special reinforced concrete shear walls 8 212 612
L. Special reinforced masonry shear walls 7 3 6172
M. Intermediate reinforced masonry shear walls | 6 1/2 3 5172

Dual system with intermediate moment frames

D. Ordinary reinforced concrete shear walls 5172 212 4172
E. Ordinary reinforced masonry shear walls 3 3 2172
F. Intermediate reinforced masonry shear walls |5 3 4172
Ve — 'y
R
Vyleoooo I
4 4 R : Response modification
1 s L | VEQy/R coefficient (IBC2000)
v 1 Q, Q@ : Over strength Factor
‘A : #  : Ductility Factor
6—:—R—> Ve/R
—u 1 1 R, Fs (Based on Deflection Constant Theory)

Fig. 7 Response acceleration (v)—ductility index (Fs) relations (IBC 2000)

From Fig. 7, ductility index Fg can be obtained by the following relationships;

Vy/Vi = 1/
5. Vy = Vg x Q= Q) x VEg/R
S Vy/VE=1/u=Q/R
. p=Fs=R/Q

(12)
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5.3 Commentary C

The design base shear coefficient Sp, in Eq. (7) is usually calculated by the design
spectral response acceleration based on the characteristic of building, site soil
condition, seismic intensity corresponding to the seismic zone and the occupancy
importance factor, etc. These values will be decided considering the concerned
country’s seismic design code.

5.4 Commentary D

Simplified dead load judgment index Ispo is defined as Ispo; is 0.4 * Fc (N/mm?)
based on the JBDPA (2001). From this standard, in the region above 0.4 Ng/
(bDF(), the ultimate horizontal deflection angle remarkably decrease and is defined
as 0.005 of quite small value. In this evaluation method, as for critical limited value
Ispo; for the service load judgment of column is assumed as 0.4 Ng/(bDF¢) and as
for the most critical value Ispg, is assumed as 0.7 Ng/(bDF¢), respectively.

6 Conclusions

In this paper, a simplified seismic evaluation method based on the structural and
architectural drawings was discussed and proposed for utilizing to the preliminary
screening stage for the developing countries. The target building is the reinforced
concrete moment resisting frame building with infilled brick walls. Seismic eval-
uation is basically based on the philosophy of The Japan Building Disaster
Prevention Association (JBDPA 2001) and International Building Code 2000 (IBC
2000). This evaluation method will be discussed for applying to more advanced
in situ simplified evaluation.
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