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A Study on Seismic Performance of External Reinforcement for Unreinforced
Masonry Buildings

Jong-Yeon Kim', Jong Kangz*

Abstract: In this study, we evaluated the seismic performance of a masonry building that was not designed to be earthquake-resistant and attempted
to improve the seismic performance by adopting a seismic reinforcement method on the exterior of the building. In addition, the building seismic design
standards and commentary(KDS 41 17 00:2019) and existing facility(building) seismic performance evaluation methods were applied to evaluate
seismic performance, and a pushover analysis was performed using non-linear static analysis. As the result of this study, it was determined that seismic
reinforcement was urgent because the distribution rate of earthquake-resistant design of houses in Korea was low and masonry structures accounted
for a large proportion of houses. When reinforcing the steel beam-column+brace frame in a masonry building, the story drift angle was 0.043% in
the X direction and 0.047% in the Y direction, indicating that it satisfied the regulations. The gravity load resistance capacity by performance level
was judged to be a safe building because it was habitable in both X and Y directions. In conclusion, it is believed that the livability and convenience
of the house can be secured by reinforcing the exterior of the building and the seismic performance and behavior of the structure can be clearly predicted.
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Table 1 Objectives for minimal performance-based seismic
classification of buildings

Performance objectives

Seismic classification

Return period Performance level

Special 2400 years Life Safety
1000 years Operational

2400 years Collapse Prevention
I 1400 years Life Safety
100 years Operational

2400 years Collapse Prevention
il 1000 years Life Safety
50 years Operational

Table 2 Decrease factor of material strength according to elapsed years
and material condition

Concrete Masonry Masonry
Classification compressive compressive shear
strength strength strength
Over 30 years 0.8 0.5 0.7
Over 20 years 0.9 0.6 0.8
Elapsed Less than 20
years years-Over 10 1.0 0.8 0.9
years
Less than 10 10 10 10
years
' Good 1.0 1.0 1.0
Material = o mal 0.9 0.8 0.85
condition
Poor 0.8 0.5 0.7




Table 3 Short-period spectral acceleration

Earthquake zone
Ground type

S$=0.1 S=0.2 S=0.3
S 1.12 1.12 1.12
S, 1.4 1.4 1.3
S5 1.7 1.5 1.3
Sy 1.6 1.4 1.2
Ss 1.8 1.3 1.3

Table 4 One-second period spectral acceleration

Earthquake zone
Ground type

S$=0.1 S=0.2 S=0.3
S 0.84 0.84 0.84
S, 1.5 1.4 1.3
Ss 1.7 1.6 1.5
Sy 22 2.0 1.8
Ss 3.0 2.7 2.4
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< Choice of Evaluation Procedure )

1 : Satisfaction of Conditions for
Applying Linear Procedure

2 : Satisfaction of Conditions for
Applying Linear Static Procedure

3 : Satisfaction of Conditions for
Applying Nonlinear Static Procedure
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Fig. 1 Selection of seismic performance evaluation procedure
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Table 5 Allowable story drift ratio(%)
Earthquake-resistant Building
Structural System i
Y Immediate Life safety Collap.se
occupancy prevention
RC Moment Frame 0.7 2 3
RC Moment Frame with 05 | 15
Masonry Filling Wall ’ ’
Shear-controlled RC
Shear Wall System 0.25 0.5 !
Force-controlled RC 05 | )
Shear Wall System ’
Unreinforced
Construction Shear Wall 0.3 0.6 1
System
Steel Frame 0.7 2.5
Steel Frame with a Brace 0.5 1.5
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Table 6 Design loads

Position Kinds Dead Load Live Load

[KN/m*]  [kN/m?]
plain conc. thk. 60 1.38
insulation thk. 60 0.12
Roof water proof thk. 20 0.42 30
Floor slab conc. thk. 120 2.88 ’
insulation thk. 20 0.04
ceiling 0.20
cement mortar thk. 40 0.84
light weight foam conc. thk. 50 0.32
Slff(f(id insulation  thk. 20 0.04 2.0
slab conc. thk. 120 2.88
ceiling 0.20
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(a) Return Period 2400 years (b) Return Period 1000 years

Fig. 3 National earthquake hazard map
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Table 7 Performance evaluation of individual masonry walls reinforced with beam-Column Frame, 1st floor)

Wwall Qg Py Shear Axial P, £, Shear Stregth Axial m Ratio Judge
ID kN) *&N) vy, v P KN KN) g 2 3 4 Stength 1 2 3 4 Axial

1 247.40 138.60 176.7 88.11 82.53 50.03 0.310 187.4 83.2 1857 113.1 3271.8 1.0 3 0.94 0.71 0.47 0.78 0.025 OK
2 259.70 181.83 114.1 59.46 72.90 39.31 0.414 181.3 109.1 172.4 100.7 2570.7 1.0 3 0.63 0.35 0.34 0.59 0.028 OK
3 17270 69.53 101.5 53.44 6.37 3336 0325 658 41.7 649 769 21812 1.0 3 1.54 0.81 0.82 0.69 0.003 NG
4 252.65 155.43 103.2 61.52 80.03 46.46 0.341 190.0 93.3 186.1 109.4 3038.1 1.0 3 0.54 0.37 0.33 0.56 0.026 OK
5 237.67 134.35 126.3 64.06 59.81 52.42 0.284 192.7 80.6 1929 1142 34276 1.0 3 0.66 0.52 0.33 0.56 0.017 OK
6 13873 70.84 43.1 20.85 0.24 29.78 0.292 585 425 583 656 -333 1.0 3 0.74 034 036 0.32 0.722 OK
7 21544 136.61 73.6 36.03 152.6 39.31 0.344 140.6 82.0 137.5 929 2570.7 1.0 3 0.52 0.30 0.26 0.39 0.059 OK
8 117.97 47.08 6801 35.17 3296 23.83 0310 322 283 319 36.1 1558.0 1.0 3 2.11 0.80 1.10 0.97 0.021 NG
9 202.81 104.97 102.0 53.31 78.33 48.84 0.260 144.7 63.0 146.2 102.6 31939 1.0 3 0.71 0.54 036 0.52 0.025 OK
10 76.19 3856 136.1 107.2 5.31 3931 0.122 524 232 557 619 2570.7 3.0 3 0.87 1.96 1.93 1.73 0.002 NG
11 3236 30.87 23.84 1691 3234 1549 0.131 13.7 185 145 16.8 10127 1.5 3 1.16 043 1.17 1.01 0.032 NG
12 83.47 29.57 4545 2228 -447 16.68 0314 145 178 143 254 -186 1.0 3 3.13 0.85 1.56 0.88 2.401 NG
13 152.70 99.97 57.17 28.68 29.04 25.61 0374 66.1 60.0 63.9 42.1 16749 1.0 3 0.86 0.32 0.45 0.68 0.017 OK
14 20.30 14.58 16.15 827 -303 893 0.142 39 88 4.1 100 -100 1.5 3 276 0.62 2.02 0.83 3.030 NG
15 2038 19.76 10.51 5.62 -21.5 7.74 0.165 42 119 44 9.1 -8.7 1.0 3 250 030 1.28 0.62 2.485 NG
16 17.83 16.73 81.71 596 -477 7.74 0.144 3.7 101 39 87 -8.7 1.5 3 147 0.27 1.53 0.69 0.552 NG
17 49.65 3325 1235 640 888 834 0373 7.1 200 69 137 5453 1.0 3 1.74 021 093 047 0.016 NG
18 1426 13.55 19.25 10.14 -11.6 893 0.100 3.7 82 4.0 88 -10.0 1.5 3 347 0.79 2.54 1.15 1.157 NG
19 1597 1442 1697 885 -6.61 893 0.112 39 87 41 92 -100 1.5 3 290 0.65 2.16 0.97 0.662 NG

=27 M 283 X 25(2024. 4)
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Fig. 4 Beam-column frame reinforcement plot
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Table 8 Story drift ratio

Allowable story Drift at the center of mass

sy, Load Stepﬂ Story ~ Story Remark -
e drift  drift oL/ o

0 LS CP o ocp M

2F POX 8 0.005 0.015 0.02 0.0013 0.00043 OK 10
1F POX 8 0.005 0.015 0.02 0.0013 0.00043 OK 10
2F POY 5 0.005 0.015 0.02 0.0011 0.00037 OK 10
IF POY 5 0.005 0.015 0.02 0.0014 0.00047 OK 10
* Story Height(2F&1F) : 3.0m

steel bracing _—""~_

Fig. 5 Beam-column frame + bracing reinforcement plot

Table 9 Gravity load resistance capacity by performance level (X-dir.)

Horizontal Member

g, Level Load o 80%  Collapsed Total

Y
(m) case IO/LS/CP  Perfor- member Perfor-
mance (EA) mance
RF 6.0 POX 8 1.0 10 0 10
2F 30 POX 8 1.0 10 0 10

IF 00 POX 8 - - - -
Vertical+Inclined Member

RF 6.0 POX 8 - - - -

2F 3.0 POX 8 1.0 10 0 10

IF 0.0 POX 8 1.0 10 0 10

* Structure Performance(X&Y-dir.) : 80%&Total Performance 10
* Vertical Load Factor for Calculating Performance Criteria
=1.0DL, 0.25LL

Table 10 Gravity load resistance capacity by performance level (Y-dir.)

Horizontal Member

s, Level Load g 80%  Collapsed  Total
(m) case IO/LS/CP  Perfor- member Perfor-
mance (EA) mance
RF 6.0 POY 5 1.0 10 0 10
2F 3.0 POY 5 1.0 10 0 10

IF 0.0 POY 5 - - - -
Vertical+Inclined Member

RF 6.0 POY 5 - - - -

2F 3.0 POY 5 1.0 10 0 10

IF 0.0 POY 5 1.0 10 0 10

* Structure Performance(X&Y-dir.) : 80%&Total Performance 10
* Vertical Load Factor for Calculating Performance Criteria
=1.0DL, 0.25LL
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Fig. 6 Pushover curve (left:X-dir., right:Y-dir.)

Table 11 Performance evaluation of individual masonry walls (Reinforced with Beam-Column + Bracing, 1st floor)
Wwall Qg Py Shear  Axial P, £, Shear Stregth Axial m Ratio Judge
ID (kN) (N) vy, vy P kN) (kN) 2 3 4  Strength 1 2 3 4 Axial

1 2.51 56.65 0.343 0.172 -18.9 50.03 0.003 93.50 33.99 103.8 45.07 -559 3.8 3 0.00 0.00 0.00 0.00 0.339 OK
2 6634 76.50 0.290 0.166 247.5 39.31 0.106 86.50 45.90 92.60 59.00 2570.7 3.0 3 0.00 0.00 0.00 0.00 0.096 OK
3 43.02 52.04 0.246 0.141 189.6 33.36 0.081 52.50 31.22 56.70 46.01 21812 2.6 3 0.00 0.00 0.00 0.00 0.087 OK
4 63.13 71.93 0.343 0.189 233.9 46.46 0.085 101.2 43.16 109.1 65.02 3038.1 3.6 3 0.00 0.00 0.00 0.00 0.077 OK
5 1.45 5433 0.402 0.199 -19.0 52.42 0.002 96.60 32.59 107.3 46.81 -58.5 3.8 3 0.00 0.00 0.00 0.00 0.324 OK
6 19.43  27.80 0.220 0.147 142.6 29.78 0.041 29.10 16.68 31.90 34.52 19475 23 3 0.00 0.00 0.00 0.00 0.073 OK
7 214.07 135.07 0.298 0.164 196.2 39.31 0.341 139.2 81.04 136.3 92.53 2570.7 1.0 3 0.00 0.00 0.00 0.00 0.076 OK
8 2484 32.86 0.186 0.133 129.3 23.83 0.065 24.40 19.71 26.50 20.68 1558.0 1.8 3 0.00 0.00 0.01 0.01 0.083 OK
9 227 43.15 0.356 0.180 -2.7 48.84 0.003 75.60 25.89 83.90 44.00 -54.5 3.8 3 0.00 0.00 0.00 0.00 0.049 OK
10 9.32 23.60 0.203 0.108 -0.4 39.31 0.015 38.90 14.16 43.00 3890 -439 3.0 3 0.00 0.00 0.00 0.00 0.008 OK
11 21.26 24.50 0.147 0.147 1164 1549 0.086 11.40 14.70 12.30 14.57 1012.7 1.5 3 0.01 0.00 0.01 0.01 0.115 OK
12 9.95 1591 0.116 0.097 63.8 16.68 0.037 930 9.55 10.20 12.68 1090.6 1.5 3 0.01 0.00 0.01 0.01 0.059 OK
13 1695 2730 0.172 0.097 -0.3 25.61 0.041 23.50 16.38 25.80 19.89  -28.6 2.0 3 0.00 0.00 0.00 0.00 0.010 OK
14 3.94  7.80 0.049 0.037 22.7 893 0.028 2.50 4.68 280 645 5843 1.5 3 0.01 0.00 0.01 0.01 0.039 OK
15 6.81 923 0.236 0.236 672 7.74 0.055 230 5.54 250 644 5064 1.5 3 0.07 0.01 0.09 0.04 0.133 OK
16 198 573 0.044 0.028 154 7.74 0.016 1.70 344 190 5.17 5064 1.5 3 0.02 0.00 0.01 0.01 0.030 OK
17 47.50 30.78 0.055 0.027 58.6 834 0.357 6.70 1847 6.50 13.41 5453 1.0 3 0.01 0.00 0.00 0.00 0.107 OK
18 048 5.12 0.061 0.033 188 8.93 0.003 2.00 3.07 220 539 5843 1.5 3 0.02 0.01 0.01 0.01 0.032 OK
19 4427 15.08 0.143 0.143 54.5 893 0311 4.00 9.04 4.00 13.55 5843 1.0 3 0.04 0.01 0.04 0.01 0.093 OK

HRPESTCRNVBA =2F
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