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Objectives

 eye  candy
 basic  design  approach  for  elements  of  wall -

type  buildings ,  with  emphasis  on  reinforced  
masonry

 updates  to  2011  Masonry  Standards  Joint  
Committee  ( MSJC )  provisions

 future  evolution  of  MSJC  provisions
 the  eye  candy  again

full - scale ,  3 - story  reinforced  
concrete  masonry  building  
under  2.0  MCE
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Essential  elements  of  design  
for  wall - type  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
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Starting  point  for  wall - type  
masonry  structures

( example  of  
direction  of  span )

vertical  reinforcement  of  
#4  bars  at  corners ,  
jambs ,  and  about  4 -
foot  intervals

Horizontal  reinforcement  
of  two  #4  bars  in  bond  
beam  at  top  of  wall ,  
and  above  and  below  
openings  ( two  #5  bars  
over  openings  with  span 
> 6 ft )

NO  BEAMS  OR  COLUMNS
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Essential  function  of  walls  in  
resisting  gravity  loads

non - bearing  walls  
resist  concentric  axial  
load  as  vertical  strips

bearing  walls  resist  
axial  loads  ( concentric  
and  eccentric )  as  
vertical  strips
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Essential  function  of  walls  in  
resisting  lateral  forces

walls  parallel  to  lateral  
forces  act  as  shear  
walls

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

bond  beams  transfer  
reactions  from  walls  to  
horizontal  diaphragms ,  
and    act  as  diaphragm  
chords
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Effect  of  openings . . .

Strip  A

Effective  
Width  of  
Strip  A

Width  A 

Effective  
Width  of  
Strip  B

Effective  
Width  of  
Strip  C

Strip  B Strip  C

Width  B Width  C 
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. . . Effect  of  openings

Openings  increase  original  design  
actions  on  each  strip  by  a  factor  
equal  to  the  ratio  of  the  effective  
width  of  the  strip  divided  by  the  
actual  width











BWidthActual

BWidthEffective
ActionsOriginalBStripinActions
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Design  of  vertical  strips  in  
perpendicular walls

moments  and  axial  forces  due  
to  combinations  of  gravity  and  
lateral  load

M  =  P e 

M  =  P e / 2 M wind
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. . . Design  of  vertical  strips  in  
perpendicular  walls

 Pn

 Mn

Mu ,  Pu

moment - axial  
force  interaction  
diagram  ( with  the  
help  of  a  
spreadsheet )
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Design  of  parallel  walls . . .

moments ,  axial  forces  and  shears  
due  to  combinations  of  gravity  
and  lateral  loads

P
V

h
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. . . Design  of  parallel  walls

 Pn

 Mn

Mu ,  Pu

moment - axial  
force  interaction  
diagram  ( with  the  
help  of  a  
spreadsheet )

sufficient  lateral  
capacity  comes  from  
wall  density
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. . . Design  of  parallel  walls

shearing  resistance
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Design  of  lintels . . .

( example  of  
direction  of  span )

moments  and  shears  
due  to  gravity  loads
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. . . Design  of  lintels

shear  design :   provide  
enough  depth  so  that  
shear  reinforcement  is  
not  needed
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flexural  design :

neutral
axis
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Distribution  of  shears  to  shear  
walls . . .

 classical  approach
 determine  whether  the  

diaphragm  is  “rigid”  or  
“flexible”

 carry  out  an  appropriate  
analysis  for  shears
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Classical  analysis  of  structures  
with  rigid  diaphragms

 locate  center  of  rigidity
 treat  the  lateral  load  

as  the  superposition  of  
a  load  acting  through  
the  center  of  rigidity ,  
and  a  torsional  
moment  about  that  
center
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Simplified  analysis  of  
structures  with  rigid  
diaphragms . . .

 consider  only  the  
shearing  stiffness , 
which  is  proportional  
to  plan  length

 neglect  plan  torsion

32 ft

4 ft

32 ft

8 ft

8 ft

8 ft

4 ft

V
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. . . Simplified  analysis  of  
structures  with  rigid  
diaphragms
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Classical  analysis  of  structures  
with  flexible  diaphragms . . .

 distribute  shears  according  to  tributary   areas  
of  the  diaphragm ,  independent  of  the  
relative  stiffnesses   of  the  shear  walls
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. . . Classical  analysis  of  
structures  with  flexible  
diaphragms
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Simplified  diaphragm  analysis

32 ft
4 ft

32 ft

8 ft

8 ft

8 ft

4 ft

2 / 3  V
1 / 2  V

1 / 3  V
1 / 2  V

V

design  for  the  worse  of  the  two  cases
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Design  of  diaphragms

 Diaphragm  shears  are  resisted  by  the  total  
thickness  or  the  thickness  of  the  cover  
alone  ( for  non - monolithic  diaphragms ) .   
Diaphragm  moments  are  resisted  by  
diaphragm  chords  ( bond  beams ) .

w

L / 2

M = w L2 / 8V = w L / 2
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. . . Details

 wall - diaphragm  connections
 design  of  lintels  for  out - of - plane  loads  

between  wall - diaphragm  connections
 connections  between  bond  beam  and  walls
 connections  between  walls  and  foundation
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Code  development  in  the  US

 US  has  no  national  building  code
 code – development  process  is  complex

 technical  organizations  develop  provisions
 model  codes  reference  those  provisions
 local  authorities  legally  adopt  those  model  codes
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Code  Development  in  the  US

Technical  
Organizations

MSJC
Code

Other  Model  
Codes

( NFPA )

Building  Code
( legal  standing )

( contract  between  society  and  the  designer )

local  authorities  
adopt  those  
model  codes

ICC
( International 
Building  Code )

NEHRP
ASTM

( Material  
Specifications )

( part  of  a  civil  
contract  

between  owner  
and  contractor )

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

Industry
Groups

MSJC  
Specification

( QA ,  
materials ,  
execution )

model  codes  
reference  
those  
provisions

MSJC  
develops  
provisions
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The  MSJC  Code
and  Specification . . .

2011  MSJC
Code  and

Specification

ASCE
(ASCE 5-11)
(ASCE 6-11)

lead  sponsor
TMS

(TMS 402-11)
(TMS 602-11)

ACI
(ACI 530-11)

(ACI 530.1-11)

“Masonry  Standards  
Joint  Committee”
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. . . the  MSJC  Code and  
Specification

 MSJC  began  in  1978
 MSJC  develops  Code and  Specification under  

ANSI  consensus  procedures ,  for  reference  by  
model  codes  such  IBC ,  NFPA

 New  edition  of  the  Code and  Specification
every  3  years
 2011  edition  is  referenced  by  2012  IBC
 2008  edition  is  referenced  by  2009  IBC
 2005  edition  is  referenced  by  2006  IBC
 2002  edition  is  referenced  by  2003  IBC
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. . . the  MSJC  Code and  
Specification

Code and
Code Commentary

Specification and
Specification  Commentary
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2011  MSJC  Code . . .

Ch. 1 - General  Requirements

Ch. 2
Allowable
Stress
Design

Ch. 3 
Strength 
Design

Ch. 4
Prestressed
Masonry

Ch. 5
Empirical
Design

Ch. 6
Veneer

Ch. 7
Glass 
Block

2.1 - General  ASD 
2.2 - URM
2.3 - RM

6.1 - General
6.2 - Anchored
6.3 - Adhered

3.1 - General  SD 
3.2 - URM
3.3 - RM

MSJC
Specification

Ch. 8 
AAC

App. B 
Infills

32

. . . 2011  MSJC  Specification

MSJC  Code

Part 1
General

Part 2
Products

Part 3
Execution

1.6  Quality
assurance

3.1 - Inspection
3.2 - Preparation
3.3 – Masonry  erection
3.4 – Reinforcement
3.5 – Grout  placement
3.6 – Prestressing
3.7 – Field  quality  control
3.8 - Cleaning

2.1 - Mortar 
2.2 - Grout
2.3 – Masonry  Units
2.4 – Reinforcement
2.5 – Accessories
2.6 – Mixing
2.7 - Fabrication

MSJC
Specification

Updates  from  the  2008  to  the  
2011  MSJC  Code . . .

 side - by - side  format
 Code  and  Code  

Commentary
 Specification  and  

Specification  Commentary
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. . . Updates  from  the  2008  to  
the  2011  MSJC  Code

 updated  to  ASCE  7 - 10
 wind  loads  in  ASCE 7  were  recalibrated  to  

strength  levels
 load  factors  changed  ( SD  from  1.6  to  1.0 )
 wind  triggers  changed  for  empirical  design ,  

veneer ,  and  glass  unit  masonry
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. . . Updates  from  the  2008  to  
the  2011  MSJC  Code

 new  Appendix  B  for  masonry  infills
 unreinforced  CMU  and  clay  units  ( work  on  AAC  

infill  for  2013  edition )
 participating  and  non - participating  infill
 prescriptive  reinforcement  required
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. . . Updates  from  the  2008  to  
the  2011  MSJC  Code

 Recalibration  of  stresses
 remove  1/3  stress  increase  option  that  was  

formerly  permitted  for  Allowable  Stress  Design      
( ASD )  for  loading  combinations  including  wind  or  
seismic  loads

 harmonize  ASD  and  SD  shear  provisions
 increase  some  allowable  stresses ,  compensating  

for  effect  of  removing  1/3  stress  increase
 eliminate  conflict  between  MSJC  ASD  provisions  

permitting  the  1/3  stress  increase  and  the  ASCE  
7  provision  prohibiting  the  increase

36
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New  in  the  2011  MSJC  
Code . . .

 lap  splices  are  
permitted  to  be  
reduced  when  
transverse  reinforcement  
is  placed  within  8  in.  
of  the  end  of  the  
splice  and  fully  
developed  in  grouted  
masonry
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. . . New  in  the  2011  MSJC  
Code

 the  beneficial  effect  of  larger  cover  for  
computation  of  required  development  length  
has  been  changed  from  5 db to  9 db

 provisions have  been  added  for  deep  beams
 effective  ratio  of  span  to  depth  less  than  3  for  

continuous  spans  or  2  for  simple  spans
 require  additional  analysis ,  and  minimum  flexural  

and  shear  reinforcement  ( Code  1.13.2 )
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. . . New  in  the  2011  MSJC  
Code

 installation  requirements  for  anchor  bolts  
have  been  revised

 references  to  “stack  bond”  or  other  bond  
patterns  have  been  changed  to  “running  
bond”  or  “not  in  running  bond”

 revised  equation  for  walls  with  unbonded
prestressing tendons
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. . . New  in  the  2011  MSJC  
Code

 empirical  design  is  prohibited  for  structures  
assigned  to  Risk  Category  IV  ( Essential  
Structures )

 provisions  have  been  added  for  adhered  
dimension  stone

 single - pintle ties  are  permitted  for  anchored  
veneer

 clarification  that  drips  are  prohibited  in  wire  
anchors ,  joint - reinforcement  cross - wires ,  
and tabs
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. . . New  in  the  2011  MSJC  
Code

 provisions  for  nominal  sliding  shear  capacity  
at  the  interface  of  AAC  and  thin - bed  
mortar

 expanded  and  clarified  QA  requirements  for  
AAC  masonry
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. . . New  in  the  2011  MSJC  
Code

 MSJC  QA  tables  include  specific  references  to  
applicable  code  and  specification  requirements ,   
because similar references  were  removed  from  
the  IBC  in  2012.

42
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. . . New  in  the  2011  MSJC  
Code

 grout  lift  height  is  changed  to  5 ft - 4 in.  to  
accommodate  modular  construction

 provisions  are  added  for  testing  prisms  cut  
from  existing  construction
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future  evolution  of  the  MSJC  
Code  and Specification               
( personal  opinion  only )

 empirical  design  will  eventually  be  replaced  
by  engineered  design

 allowable  stress  design ,   almost  completely  
harmonized  with  strength  design ,  will  
eventually  be  replaced  by  strength  design

 we  will  have  new  options  for  seismic  design
 limit  design ,  permitting  a  plastic  distribution  of  

ASCE 7  forces  ,  and  appropriate  detailing  of  
reinforcement

 eventually ,  displacement - based  design
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full - scale ,  3 - story  reinforced  
concrete  masonry  building  
under  2.0  MCE
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For  more  information

 MSJC =  www.masonrystandards.org
 TMS = www.masonrysociety.org
 BIA = www.bia.org
 NCMA = www.ncma.org
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Objectives

 eye  candy
 basic  design  approach  for  elements  of  wall -

type  buildings ,  with  emphasis  on  reinforced  
masonry

 updates  to  2011  Masonry  Standards  Joint  
Committee  ( MSJC )  provisions

 future  evolution  of  MSJC  provisions
 the  eye  candy  again


