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!.| Main points

1. Modern masonry structures are not the
same as old - fashioned , unreinforced
masonry

2. Wall - type masonry structures are simpler to
design than framed structures

3. Low - rise masonry structures designed and
constructed according to the MSJC Code
and Specification can resist very strong
earthquakes

!.’ a dynamic treat. ..

almost
39!

1. Modern masonry structures
are not the same as old -
fashioned , unreinforced 22
masonry

Loma Prieta (SF), 1989

=)

Northridge (LA), 1994
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2. Wall - type masonry
structures are simpler to
design than framed

* structures

Steps in simplified design of
masonry structures

= starting point for design

= design of vertical strips in walls perpendicular
to lateral loads

= design of walls parallel to lateral loads
= design of lintels

= simplified analysis for lateral loads

= design of diaphragms

= detailing




Seismic Design of Masonry Structures

Prof. Richard E. Klingner
AEI Student Chapter Seminar

The University of Texas at Austin
October 7, 2009

units of B typlcal
concrete or t- . .
fired clay grou mat(_—:-rlals in
reinforced
steel masonry
reinforcing
bars

Starting point for wall - type
masonry structures

NO BEAMS OR COLUMNS

vertical reinforcement of
(example of #4 bars at corners and
direction of span) jambs

Horizontal reinforcement
of two #4 bars in bond

{ i) beam at top of wall,
n i /" and above and below

openings (two #5 bars

over openings with span
> 6 ft) 8

Essential function of walls in
resisting gravity loads

bearing walls resist
axial loads ( concentric

| and eccentric) as
D vertical strips

non - bearing walls
resist concentric axial
load as vertical strips

Essential function of walls in
resisting lateral forces

walls parallel to lateral

forces act as shear
walls

ond beams transfer
reactions from walls to
horizontal diaphragms,
and act as diaphragm
chords

r/

vertical strips of walls perpendicular to
lateral forces resist combinations of axial
load and out - of - plane moments, and
transfer their reactions to horizontal

diaphragms 0

3. Low - rise masonry structures
designed and constructed
using the MSJC Code and
Specification can resist very

* strong earthquakes

ANSI process ( balance of interests, letter ballots,
. resolution of Negatives, public comment)
Teghnical Industry

(¢] izations .~ Groups ASTM
M NEHRP ( Material
Hover MSJC P Specifications )
evelops Code !
provisions ! MSJC
model codes 1oCL " i Specification
reference - A,
those ( International Other Model ma(tgrials
provisions Building Code) Codes execution )
(NFPA)
local authorities 1 (part of a civil
adopt those contract
model codes Building Code between owner
(legal standing) and contractor )
( contract between society and the designer )
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Seismic design of masonry is

" state - of - the - art

= NSF - NEES small - group
project ,\E!S

= October 2006 through
September 2009

= involves four universities
plus masonry industry

= headed by UT Austin

The University of Texas at Austin
October 7, 2009

,_| important results so far

= low-rise reinforced concrete masonry buildings
with clay masonry veneer ( meeting MSJC
Code and Specification for SDC D) resist
earthquakes above MCE without collapse

= seismic response of buildings and veneer is
generally consistent with performance
expectations

= seismic response is well predicted by nonlinear

dynamic analysis and static design tools w

" what’s coming

= project objectives
= project participants
= seismic response of low - rise buildings

= reinforced concrete masonry with clay
masonry veneer
= experimental and analytical work
= key observations

= important points
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‘_’ project objectives

= performance - based design of new masonry
and masonry veneer

= study seismic performance of masonry veneer and
veneer connectors

= examine inelastic behavior of low - rise reinforced
concrete masonry structures

= propose refinements to performance - based design
provisions for new masonry and masonry veneer

= educate the profession and the public
16

" project participants

= University of Texas at Austin
= Richard E . Klingner, Seongwoo Jo ( GRA)
= University of California at San Diego
= Benson Shing, Hussein Okail ( GRA)
= Washington State University
= Char Grimes, Katherine Keane , David McLean
= North Carolina A&T State University
= Mark McGinley , Eric Johnson ( GRA)
= Help from masonry industry

,_| structures studied

= backing system of
wood-stud frames or
reinforced concrete
masonry ( CMU )

= clay masonry veneer
( attached to backing
system using
connectors ) improves
esthetics and thermal,
acoustic and water -
penetration resistance
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* masonry veneer connectors

= wood - stud frames
= corrugated connectors
= rigid connectors

= reinforced concrete masonry
= adjustable connectors
= tri-wire connectors

Iz

The University of Texas at Austin
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* seismic response

= in - plane CMU
walls govern the
seismic response
of the building

= in - plane veneer
slides and rocks

= out - of - plane - >
veneer acts as :
added mass

direction of

shaking i
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reinforced concrete masonry
* with clay masonry veneer

= experimental work
= analytical work

= key observations
= future work

= important points
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* experimental work (1)

m quasi - static tests of
wall segments

(UT Austin) in - plan

= shaking - table tests of . ..
wall segments plane

= shaking - table tests of
complete structure

* experimental work (2)

= quasi - static tests of in - plane
out - of - plane ,

wall segments

= shaking - table tests of
wall segments
(uUcsDh)

= shaking - table tests of
complete structure

* experimental work (3)

= guasi - static tests of
wall segments

= shaking - table tests of
wall segments

= shaking - table tests of
complete structure
(UCsD)
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* analytical work ( OpenSees)

= develop nonlinear analytical models for each
element
= reinforced concrete masonry
= clay masonry veneer
= veneer connectors

= predict quasi - static and shaking - table
response

= refine models using quasi - static and shaking

- table results (in progress )
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* a construction treat. . .
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* a dynamic treat . . .

almost
39!
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* important results so far

= low-rise reinforced concrete masonry buildings
with clay masonry veneer ( meeting MSJC
Code and Specification for SDC D) resist
earthquakes above MCE without collapse

= seismic response of buildings and veneer is
generally consistent with performance
expectations

= seismic response is well predicted by nonlinear
dynamic analysis and static design tools

Main points

. Modern masonry structures are not the
same as old - fashioned , unreinforced
masonry

2. Wall - type masonry structures are simpler to
design than framed structures

3. Low - rise masonry structures designed and
constructed according to the MSJC Code
and Specification can resist very strong
earthquakes




