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Strength Demand Calculation for Retrofitting Unreinforced Masonry

Buildings Based on the Displacement Coetficient Method and the
Preliminary Seismic Evaluation Procedure
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1)Engineer, CGS Plan, 2’Professor, Division of Architecture and Urban Design, Incheon National University, dGraduate Student, Department of
Architecture, Incheon National University, 4’CEO, Hanwool

/] ABSTRACT /

Based on the nonlinear static analysis and the approximate seismic evaluation method adopted in “Guidelines for seismic performance
evaluation for existing buildings, two methods to calculate strength demand for retrofitting individual structural walls in unreinforced masonry
buildings are proposed.” The displacement coefficient method to determine displacement demand from nonlinear static analysis results is
used for the inverse calculation of overall strength demand required to reduce the displacement demand to a target value meeting the
performance objective of the unreinforced masonry building to retrofit. A preliminary seismic evaluation method to screen out vulnerable
buildings, of which detailed evaluation is necessary, is utilized to calculate overall strength demand without structural analysis based on the
difference between the seismic demand and capacity. A system modification factor is introduced to the preliminary seismic evaluation
method to reduce the strength demand considering inelastic deformation. The overall strength demand is distributed to the structural walls
to retrofit based on the wall stiffness, including the remaining walls or otherwise. Four detached residential houses are modeled and
analyzed using the nonlinear static and preliminary evaluation procedures to examine the proposed method.

Key words: Unreinforced masonry buildings, Seismic retrofit, Displacement coefficient method, Nonlinear static analysis, Preliminary
seismic performance evaluation
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Table 1. Characteristics of analysis models

Model Story Height (m) |Total area (m?) | Age (year)
1 3F 7.35 195.1 31
2 2F 7.8 3124 44
3 2F 6.1 124.2 46
4 2F 6.25 131.6 41
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Fig. 3. Performance of members for X-directional seismic load before retrofit
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Table 2. Seismic performance before and after retrofit based on nonlinear static procedure

Before retrofit After retrofit Total added strength
(distribution method A and B) for retrofitted story (kN)
Model|Direction
Performance Damaged Dominant Performance Damaged | Dominant | Distribution | Distribution | Reduction
story failure mode story | failure model method A (1) method B (2)] (1)—(2)
1 Y C 1st Bed-joint sliding 10 3rd Rocking 185 65 119
2 X 1st | Beddoit siiding c 2nd Rocking 696 602 o4
Rocking
3 X C 1st Bed-joint sliding 10 2nd Rocking 220 213 7
Y C 1st Bed-joint sliding 10 2nd Rocking 322 208 114
X C 1st Bed-joint sliding LS 2nd Rocking 122 96 27
4 T o
Y c 1gt |Beclointsiding - o 1st Bedjoint 169 44 125
Rocking sliding
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Table 3. Seismic performance before and after retrofit based on
preliminary seismic performance evaluation

Initial story capacity Added story
(kN) capacity (kN)

Model |Direction| A,
1st 2nd | 3rd 1st 2nd | 3rd

story | story | story | story | story | story

X 09 | 426 | 268 | 108 | 509 | 481 266
! Y 10| 374 | 235 95 468 | 439 | 242
X 09 | 638 | 257 - 709 | 494 -
2 Y 09 | 562 | 256 - 786 | 495 -
X 09 | 439 | 329 - 472 195 -
® Y 09 | 680 | 220 - 232 | 303 -
X 09 | 263 74 - 324 | 244 -
4 Y 1.0 | 391 118 - 137 168 -
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Fig. 6. Comparison of total added story strength
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