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Case Study of Seismic Evaluation of Low-Rise Masonry Buildings
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/] ABSTRACT /

In this study, the seismic performance of a two-story unreinforced masonry (URM) building was assessed following the linear and nonlinear
static procedures specified in the seismic evaluation guideline of existing buildings. First, the provisions to assess failure modes and shear
strengths of URM walls and wall piers were reviewed. Then, a two-story URM building was assessed by the linear static procedure using
m-factors. The results showed that the walls and wall piers with aspect ratios h. // (i.e., effective height-to-length ratio) > 1.5 were unsafe due
to rocking or toe crushing, whereas the walls with h. // <1.5 and governed by bed-joint sliding mainly were safe. Axial stresses and shear
forces acted upon individual masonry walls, and wall piers differed depending on whether the openings were modeled. The masonry
building was reevaluated according to the nonlinear static procedure for a more refined assessment. Based on the linear and nonlinear
assessment results, considerations of seismic evaluation for low-rise masonry buildings were given with a focus on the effects of openings.
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Fig. 1. Failure modes and shear strengths of masonry walls
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Fig. 2. Variation of masonry shear strengths with wall length (aspect ratio)
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Fig. 4. Two-story masonry building with roof top assessed in this study
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Fig. 5. Wall shear forces by linear elastic analysis for seismic load combinations
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Table 2. Assessment results of masonry walls on 1% floor: Model 1

Vall no. 1.1 (1.0DL+0.25LL) + 1.0EX 1.1 (1.0DL+0.25LL) + 1.0EY
X2 X3 X4 X5 X9 X10 X1 X12 Y1 Y2 Y3 Y6 Y7 Y8 Y9
[, mm 1100 | 900 800 | 1200 | 3100 | 3100 | 1650 | 1350 | 900 | 1200 | 1300 | 3600 | 2200 | 2200 | 2200
h,, mm 3200 | 3200 | 3200 | 3200 | 3200 | 3200 | 3200 | 3200 | 3200 | 3200 | 3200 | 3200 | 3200 | 3200 | 3200
fp, MPa 0.70 | 0.74 | 037 | 012 | 0.23 | 0.41 | 0.26 | 0.18 | 0.35 | 0.47 | 0.14 | 0.28 | 0.23 | 0.18 | 0.16

Aspect R. h,,l| 291 | 356 | 400 | 2.67 | 1.03 | 1.03 | 1.94 | 237 | 3.56 | 2.67 | 2.46 | 0.89 | 1.45 | 1.45 | 1.45
35 24 12 12 68 121 41 21 15 33 15 94 49 37 34

Vo, KN (TC) | (1C) | (1C) | (R) | (BJS) | (BUS) | (TC) | (TO) | (TC) | (TC) | (R) | (BYS) | (BJS) | (BUS) | (BJS)
m—factor 1,00 | 1.00 | 1.00 | 375 | 3.00 | 3.00 | 1.00 | 1.00 | 1.00 | 1.00 | 375 | 3.00 | 3.00 | 3.00 | 3.00
V.. kN 80 | 63 | 48 | 51 | 137 | 178 | 110 | 69 | 45 | 94 | 76 | 234 | 118 | 98 | 100
DCR 229 | 263 | 4 | 425 | 201 | 147 | 268 | 329 | 3 | 2.85 | 507 | 2.49 | 2.41 | 265 | 2.94
Judge NG | NG | NG | NG | ok | ok | Na | NG | NG | NG | N& | ok | ok | ok | oK

Table 3. Assessment results of masonry walls on 1% floor: Model 2

Wall no. 1.1 (1.0DL+0.25LL) + 1.0EX 1.1 (1.0DL+0.25LL) + 1.0EY
X2 X3 X4 X5 X9 X10 X1 X12 Y1 Y2 Y3 Y6 Y7 Y8 Y9
[, mm 1100 900 800 1200 3100 3100 1650 1350 900 1200 1300 3600 2200 2200 2200
h,, mm 1800 1700 1700 3200 3000 3200 3200 3200 1700 1200 2000 3200 3200 3200 3200
Jp. MPa 0.78 0.69 0.47 0.09 0.24 0.40 0.25 0.22 0.44 0.63 0.21 0.31 0.23 0.19 0.18
Aspect R. h(,/l 1.64 1.89 213 2.67 0.97 1.03 1.94 2.37 1.89 1.00 1.54 0.89 1.45 1.45 1.45
KN 66 44 27 9 72 119 40 24 33 72 25 105 48 40 37
Var (TC) (TC) (TC) (R) (BJS) | (BJS) | (BJS) | (TC) (TC) | (BJS) | (BJS) | (BJS) | (BJS) | (BJS) | (BJS)
m-factor 1.00 1.00 1.00 3.75 3.00 3.00 3.00 1.00 1.00 3.00 3.00 3.00 3.00 3.00 3.00
V., kN 75 55 69 40 179 156 74 48 62 112 82 235 89 81 82
DCR 1.14 1.26 2.55 4.26 249 1.31 1.87 2 1.88 1.56 3.23 2.25 1.85 2.03 2.22
Judge NG NG NG NG OK OK OK NG NG OK NG OK OK OK OK
slolck §-1010]) 29, Model 10J44 LE sialo] dfa] QgHoz  Fojis 2 Aolr} Yok AT, RS ajmee) dggs
h, =3,200 mmE 2831903 Model 2641 -5 WALS: Tejs}o] v (V, )= Agel 5=, D v,) B fol(h,)7h 7 Ee bt £
A Fig, 30 et 24T S SRR AL B m  ofu)d Hjol2 uelrh 6]E So], Model 13} u]is}e] Model 2014
Aol k2w DCRgto 1 1 e 2T A S EAEA A X119 V20| s mE §kol(h, )7 At At A 5 o
-8 TSI 251 A0 Ballck DCRo| v, o] B7jol=2.10] okal e ) MR A7) 59l 72 S et e WA E I X2, X3, Y2
AN A sl 2 el zaom ook, 1 1%: o AR (v, )7} 27 Z7Hs1k
Fig. 204 H0] Z3}50] 2] k2% ofsle] 2 A AR izklA
s} 2o ) w2 E 7} o7 ol e2). 3.3 METI0| Cfet TRALE

Model 1 % Model 22} 2044587} Aahe t-83) e,
Table 2 9 Table 32] 37} A7H 24720] B/ 745

Model 1] 743-Table 20]4] &3zo] “BUHNG) 02 FF HAE  Fa wiglof] Fofafiof 3-& mofZech A7t ARl BIR|(EL 8715, wall
= B/EBI7 R, /1= 1.94 oo 2 A SIH(R) B HEAI(TC)7HA]Hl pier) S-S EAF FAH|(h, /1)7}2 oAkl AR B A A s ThEeta
2ol gy egi). o]e} g, ‘HEEHOK)Y 0.8 B71E BAEL Ak 2 734|310 oJaf) Al AE-L Wolth o] st Al A 5 4
7hn /1< 1ASL HARSEA TIR St AR SIEE 2] g Rk AT FEisiE] det Berae AEo
ALt Z, Table 304 X2, X3 2 V2= 23 £, 7} b2 WA SR} o).
* Model 29} ol Table3oflA] 250) FguIEh, /1 = 1S4 WA wheba] o)5 wiA)7h s HA] 2450] sl thal 2ebgaia 4
S0l ‘EUE(NG) o= 7= Slrk oJth o] e sk =1 W So] Askst Wl 9|aA= ASCE 41-17
* Model 10j]A] *ZH5(NG)’ 0.2 57Fd BAI5 0] ti3= Model 2°f|4] o|A] IEH= Be} o] LEB|A D FHz0l(h, ) APl AA] 24 )

= BUEHNG) 02 7R glrks oA T afAmde] dgwrt 2 ) 7R A sk o] HiAlsitt
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gH Table 2 Tx=Table 20] A7} Afof whet ofj 4| 22822
R A2 e, T S 0] 2k 9] SR kAol o]
Fofrop et A= oA 2R BA) flFe] Rl R Rho 2 A A
=] FEAP s WS lEH'c‘?} l% Oﬁt}% Aot o= AdgsiAol
7R m Al UJE&% o= 8] Brtel] oty
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Fig. 6. Perform 3D modeling of masonry buildings
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Fig. 7. Force-deformation relationships of unreinforced masonry walls and wall piers
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