
Characterization of Confined 
Masonry Structures for Integration 

with HAZUS 

EERI-WHE / PAGER Project Review Meeting 

Prepared by Anna Lang 
Department of Structural Engineering 
University of California, San Diego 

23 September 2009 



Presentation Overview 

•  Available Literature 
•  Project Scope 
•  Modeling Assumptions 
•  Conversion to Spectral Space 
•  Sd, Sa Plots 
•  HAZUS Parameter Selection 
•  Bonus Information  





Available Data 

•  Numerous single wall, in-plane, quasi-static 
cyclic loading tests w/ a variety of parameters 
and retrofit investigations 

•  Handful of 2-story, 3D structures loaded uni-
directional, first mode shape 

•  Few pseudo-dynamic or shake-table tests 
•  Predominantly from Latin America 



Project Scope 

Focus on typical construction: 
–  Unreinforced wall panels 
–  Lightly reinforced confining 

elements w/ shear 
reinforcement 

–  Clay brick and concrete 
block 

–  No retrofit or improvement 
techniques 

–  1-5 stories 



Scope: Limitations of Available Data 

•  Experimental set-up assumes a specific 
performance and failure mode  soft story 

•  For 3D structures tested, load distribution is in 
first-mode shape 

•  No of out-of-plane investigations 
•  Lack of “ultimate” or “collapse” states 

(Alcocer 1996)  

(Alcocer 1996)  



Modeling Assumptions 
•  Soft-story mechanism: 

building displacement 
occurs at first level 

•  Wall stiffness affected 
by vertical load  mass 
of the structure is 
assumed as-tested 

•  Thus, the performance 
of a single wall is 
suggestive of the 
building performance (Rodriguez 2005)  





Conversion to Spectral Space 
•  Sd = Δ α2 

–  Effective height factor based on 1-story 
•  Sa = ω2 Sd  

      = (K / Meff ) Sd 
•  Effective mass: equivalent to the mass of a typical floor plan, 

or “cell” multiplied times effective mass parameter 
•  e.g., if a wall tested with the equivalent of 4-stories above, then the mass of 

a 4 story “cell” is assumed here 

•  Stiffness based on the available data for a single wall: force 
and displacement at 1st level 

•  Effective height and mass parameters taken from SEAOC Blue 
Book 
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Meff = 4-story cell x α1 

K = lateral force/displacement K = lateral force/displacement 















HAZUS Parameters 
Dy 

“Yield” was typically defined and chosen as first diagonal cracking 
Ay 

Du “Ultimate” or “Collapse” was typically defined by experimenters at 
80% peak strength Au 

Sdc 

BE Some tests indicate 4%; more info sought 

kshort 0.4 

kmed 0.2 

klong 0 

θ 14 Approximately 1.0 in, but tests typically not brought to complete 
damage 

β 14 Beta values available for yield & max 

Natural Period Chilean structures measured in field: median elastic T = 0.098s & 
0.157s for 3 & 4 story 

Ductility Factor µ = 3-6 from experimental wall tests 

Strength Reduction Factor Published values reported by country; Tc not considered at this time 



Further Information... 

•  Use of census data for housing distributions 
–  Quick search: Iran, Peru, Guatelmala 

IRAN All brick or 
stone and brick  All wood Adobe and 

wood 
Adobe and 
clay Other Not stated 

Total 
Country 246748 39322 1079368 561779 80324 176177 

Urban 134714 13313 200178 205748 26130 125168 

Rural 112034 26009 879190 356031 54194 51009 

vs. 5% reported 

vs. 90% reported 


