A Proposal on the Simplified Structural Evaluation
Method for Existing Reinforced Concrete Buildings
with Infilled Brick Masonry Walls

June 2017
Building Research Institute, Japan

Matsutaro Seki

Seki M. ,2CNISS & 6CNIS, 2017 14-15, June , Bucharest Romania



Objective

1. The simplified structural evaluation method based on the
philosophy of Japanese evaluation standard; JBDPA (2001)
vis-a-Vvis the international seismic code; ASCE 7-05 was
developed by Seki (2015).

2. However, this evaluation method doesn’t consider the infilled
brick masonry wall inside the beam and column.

3. The main objective of this study Is to take the infilled brick
masonry wall into the structural evaluation for the existing
RC buildings in developing countries.
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Structural evaluation procedure for
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Seismic Evaluation: Iss (Seismic Index)
Dead Load Evaluation: lsp (Dead Load Index)
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Flow Diagram of Simplified Structural Evaluation for Existing
Reinforced Concrete Buildings
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2001Revised version

Standard for Seismic Evaluation of Existing
Reinforced Concrete Buildings, 2001
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The Japan Building Disaster
Prevention Association (JBDPA)
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JBDA Seismic Evaluation of Existing RC
buildings in Japan

JBDA: Japan Building Disaster Prevention Association

| S=E * S o*T (1)

Where,
E, : Basic seismic index of structure
Sp : Irregularity index
T :Timeindex

Eo=C*F (2)
Where,
C . Strength capacity index
F : Ductility index
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Ce
Cg: Maximum elastic response force
C,: Yielding force

N=0max/0y: Ductility factor
Cy/Ce=1/N\2p-1

Horizontal Force

Oy 0 max

Horizontal Displacement

Concept of prediction of nonlinear earthquake response after J.A.
Blume, N.M. Newmark, and L.H. Corning
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IS=E0 X Sp X T

Basic seismic index Eo Eo=C x F
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2. Proposed Evaluation Method

2.1. Simplified Seismic Index: I
lss= Egs ™ Sgp ™ T (1)

Where,
E..: Simplified structural index
E.. = Maximum values of following three index;
(i) (Cssw*0.7*Cssa)*Fuy 2)
(ii) Cosp*Fa
(iii) V(Cssw*F)*+(Cssp™Fg)?
Sep - Simplified Irregularity Index (here assumed to be S¢5=1.0)
T¢ : Simplified Time Index (here assumed to be T.=1.0)
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Figure 1. Strength index (C) vs. Ductility index (F) (JBDPA,2001)
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2.1.1. C.og and Cqq,y Index; Strength index
(1) Bare frame
Cog =T, * XA /W (3)
Where,
1. Average shear strength of column (N/mm?) (after JBDPA standard)
hy/D >6: 7.=0.7 N/mm?
hy/D =6 : t.=1.0 N/mm?
h,: Clear height of column (mm)
D: Depth of column section (mm)
Y Ac : Total area of columns (mm?)
W: Total weight of building (N)
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(i1) Frame with infilled brick wall
Coow = (2%1. * LA to*1,*ZA, ) W (4) (Commentary A)

Where,
t. . Average Shear Strength of Column (N/mm?) ( JBDPA ,2001)
YA, : Total area of columns (mm?)

T, .Average shear strength of infilled brick wall (mm?)
T,,= 0.2 N/mm?
YA, : Total area of walls (mm?)
a : Opening reduction factor of infilled brick wall (BSAO,2007)
a=14 y here, a = 0.6
¥ + Opening factor defined in Figure 2
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Figure C1 The shear strength of infill panel (7 ,)
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4.1.2. Opening reduction factor (a) (BSAO,2007)
a=1-y; (here, a = 0.6)

y =/ (area of opening)/(area of infilled brick masonry wall),  (here, ¥ =0.4)

Figure C2 shows the comparison of opening reduction factor between BSAO (2007) and
AlWashali, 2017. The factor of BSAO (2007) is more conservative than experimental
data.

Based on BSAO (2007), the effective zone as resisting seismic zone should be not less
than 0.6.

BSAO,2007: The Building Standard Act Enforcement Order (BSAO), N0.594, Ministry of Land, Infrastructure, Transport and Tourism,
Japan, May 8, 2007.
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An example
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2.1.2. Fg and F, index; Ductility index

Fg = Rg/Qup (5) (Commentary B)
Fw= Ruw/Qow

Fg : Ductility index of bare frame

Fv : Ductility index of frame with infilled brick wall

Ry : Response modification factor of frame

Ry : Response modification factor of infilled brick wall

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

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

seismic design code
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CNCRP Experimental Result on Infill

Brick Masonry
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Figure C4. Relationships between Response Modification Coefficient R and Structural Over
Strength Factor Q4 and Ductility Reduction Factor R , (Mwafy, 2002)
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Table C1. Design Coefficients and Factors for Basic Seismic-Force-Resisting System
for Reinforced Concrete Moment Frames ASCE 7-05 (extract)

Response System Over | Deflection

Basic Seismic - Force — Resisting System Modification strength Amplification
Coefficient, R | Factor, Q, Factor, Cd

Special reinforced concrete moment frames 8 3 51/2
Intermediate reinforced concrete moment frames
3 41/2
Ordinary reinforced concrete moment frames 3 3 21/2
Dual system with special moment frames
E. Special reinforced concrete shear walls 8 21/2 51/2
L. Special reinforced masonry shear walls 51/2 3 5
M. Intermediate reinforced masonry shear walls 4 3 31/2
Dual system with intermediate moment frames
D. Ordinary reinforced concrete shear walls 51/2 21/2 41/2
E. Ordinary reinforced masonry shear walls 3 3 21/2
F. Intermediate reinforced masonry shear walls 31/2 3 3

Seki M. ,2CNISS & 6CNIS, 2017 14-15, June , Bucharest Romania



2.2. Simplified Service Load Index: lsp (N/mm?)
oo = W/ XAc (6)

Where,
W : Total weight of building (N)
Y A. : Total sectional area of columns (mm?)
In case of infilled brick wall, Ac is the column’s area except the brick wall area.
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3. Judgment index
3.1. Simplified Seismic Judgment Index:l¢q,

lss0= Spa * s
(7) (Commentary C)
Where,
lsso : Simplified seismic judgement index
Sp, . The design spectral response acceleration
Il : The occupancy importance factor

3.2. Simplified Service Load Judgment Index: Iy, (N/mm?)

lpor = 0.4 * FC (8) (Commentary D)

Where,

Fc . Designed concrete strength (N/mm?)
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4. JUDGMENT METHOD

4.1. Simplified Seismic Capacity

o = 1o . Higher than seismic capacity demand (SA) (9)
0.5lggp Sl < lggg + Lower than seismic capacity demand (SB)
| < 0.5l - Remarkably lower than seismic capacity demand (SC)

4.2. Simplified Service Load Capacity

lsp < lspor . Higher than service load capacity demand (DA) (10)
lapor = lsp = g, . Lower than service load capacity demand (DB)
lspor < lsp . Remarkably lower than service load capacity demand (DC)
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4.3. Final Rank based on Combination of Seismic Capacity and

Service Load Capacity

Table 1. Final Capacity Rank of Simplified Structural Evaluation

Final
Capacity
Rank

N

Detail Evaluation
Recommended

Combination of Seismic Capacity
and Service Load Capacity

Recommendation

SA-DB, SB-DA, SB-DB
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Service
load
capacity

DA

DB
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5. Conclusions

1. 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.

2. The target building is the reinforced concrete moment resisting frame building with
Infilled brick walls. Seismic evaluation is basically based on the philosophy of The
Japan Building Disaster Prevention Association (JBDPA, 2001) and American
Society of Civil Engineers (ASCE 7-05)

3. This evaluation method should be more discussed for applying to the advanced in-
situ simplified evaluation, especially on the evaluation of infill brick masonry panel.
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Thank you for
your attention
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