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International Masonry Institute (IMI)

{':; non-profit \"c, labor/management strategic alliance

funded by

International Union of Bricklayers & Allied Craftworkers
and the Contractors who employ them
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MI TralRg enTef, located in Bowie, MD

National Training Center - Bowie, Maryland




IMI masonry crafts (|4

= arfificial masonry
= brick

= block

= concrete

= plaster

team

= refractory

= restoration

= stone/ marble

= terrazzo

= ftile




design assistance
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job site assistance

EAITE [NTERNATIONAL
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I ?l.’\‘d IWRY HOME ABDUT BLOG  SERVICES FAQS  CRAFTS TRAINING CALENDAR CONTACT Q
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Tha international Masonry Institite (IMI) is 2 strategic alliance between the Intermational Union of Brickisyers and Allied Craftworkisrs and the centracters wha
employ those members. Through education, technical SUpport. researrs aod wamng e IMI Works to provide a mare efficient construction delivery system.

FRETI  HC T

Structural masonry software, ok and education Detyils, Technology Briefs, Tool Kits and more, Building enclosure performance, control of air,
moisture, vapor, sound, fire - thermal contral

and solutions.,

providing access 1o 3 high value / low cost explaining how to use masonry to the highest

value on your project

structural system
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IMI “Masonry Detailing Series” 18]
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i ‘l’l sionrd Frsar: L i - > .
1 20¢ Sil 01.402.20: Window Jamb 01.501: Floor detafl: shel s
il 01301205 348 D ek Dietall angle (NEW) 82.102: Foundation 02.103; Foundation detait w/
detaii w/ termination bar & termination bar, cavity
cavity insert insart & below grads brick

01.301; Head detail: steel
lintel & bond beam

01.601: Architectural effect
lipped brick projected soldier course

£2.201: Sill detail 02.401: Window jamb detsil

Loy

01.302: Head detail: steel 01.303: Head detail: stesl il
fintel B bond beam w/ tintel w/ double angle [NEW) 01.701;: Roof de'tail: {NEW} 1.703: Roof detail: 61.801: Floar detail: 04.80%: Floor detall: CMU
insert metal cropping at parapet low parapet concrete floor connaction firawall, top of wall

01.304: Head detail: plate 01.401: Window jamb & sills [NEW) 01.704: Roof detail:

01.801: Mavemeant joint in 03.904: Load bearing pllaster
welded to l-beam

low roof - high wall brick & block cavity wall

www.masonrydetails.org

IMI “Masonry Detailing Series”
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= seminars

= code & standard development

= design guides & details

= new product research

= cost & schedule support

= conceptual structural engineering
= drawing & detail review

= job site assistance

= froubleshooting

(1) check with your local IMl representative to verify which services are available in your area
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semi-automated mason (SAM)
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f'm & masonry design updates

Wie.  team

© International Masonry Institute 2016

Whatisfm <2

L+

individual CMU mortar type design strength
NET AREA psi (Type S, N) of masonry

ilabl
1,si = 1,40 psi
-~ Midwest
3,750 p52,500 psi

mmon)
4,800psi ["3) also Svailable (not as €©

= 3,000 psi

= f'm




Whatisfm 2

individual CMU mortar type
NET AREA psi (Type S, N)

. ilable
2'S| 1) actually NOT avd!

NEW VALUES IN
MSJC 2013

= f'm

design strength
of masonry

3 Si

-~ Midwest

3,250 ps 2,500 psi
mon)

4,500psi 3,ooo psi

CMU BLOCK STRENGTH RESULTS MINIMUNM STRENGTH AVERAGE STRENGTH

38 3020 4247

CHANGE STATES, BLOCK TYPE, AND YEAR RANGE TO UPDATE CMU STATISTICS
States

AR = CA= CO=x
FLx 1A= IL»
IN< KSx M=
MN = MO = NE =
NY» OHx OK=
TN= UTx WA=

Wi
YEARS » - : . i
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
BLOCK TYPE | . |
4 6 a8 10 12 14 16




why is f'm so important?

more efficient design w/
-~ higher f'm
= wall

— bearing wall

— non-bearing wall
—shear wall
lintel
= column/pilaster
lap lengths

— much shorter
connections to masonry
— will be much more efficient
— embed plates

— post-installed anchors

3D finite element software model
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“hybrid” masonry wall w/ steel frame
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channel-anchored masonry recladding

re-clad of existing building
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11-story high rise masonry loadbearing structure

St. Ann’s Terrace Housing - Bronx, NY (2012)

St. Ann’s Terrace Housing - Bronx, NY (2012)




frost wall case study(12)/E](4)

CIP concrete CMU

- 12" thick - 12" CMU

= 22 days = 12 days (proposed) 7800053\1'\0%5
- $223,000 ($106 lin/f) - $145,000 ($69 lin/ft) '

\ 4

cold weather construction

= + 3 days

. 47,000
- $152,000 ($72 lin/ft)

(1) assisted living project, Brookfield, WI (2013)
2) 2,100 lin/ft

2) | R
(3) cold weather construction (January) I I
(4) wood frame walls, adhered masonry veneer e

the real initial cost steel studs v. CMU

Metal Stud Backup Wall Initial Cost Loadbearing Masonry Backup Wall Cost
1) Cost of column pads 1) Straight/simple footings

2) Cost of column piers 2) CMU foundation walls (5 courses)

3) Cost of poured-in-place concrete foundation |[|3) Cost of 6” or 8” CMU

4) Cost of steel columns & beams 4) possible interior furring/sheathing
5) Cost of steel cross bracing

6) Cost of additional insulation




CMU control joints

© International Masonry Institute 2016

masonry cavity wall

“contro
joint

“expansion”
joint (1)

control & expansion joints
do not need to alignin
cavity walls

(1) in clay brick veneers




Who is responsible for locating movement jointse

MSJC, Section 6.1.6.3

“Design and detail the veneer
to accommodate differential
movement.”

MSJC Mandatory
Reguirements Checklist —
“Notes to Architect /
Engineer”, Part 3, 3.3 D.6,
page S-73

“Indicate type and location of
movement joints on the project
drawings.”

=

1

30361
CULLEN




iIsolate structural element?

= bearing wall, not
shear...
VS

= shear wall

= qalso, isolate L-shaped
(around corners) and
t-sections more
complicated

horizontal joint
reinforcement

» opening strengthened with joint reinforcement, first
two courses over opening and under sill

= potentially takes advantage of arching action

source: National Concrete Masonry Association (NCMA), TEK 10-2C (2010) & 10-3 (2003)
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so use wall groups

+ boxed wall groups

« (stair fowers and
elevator shafts)

have double the lateral
load capacity over
individual walls










masonry lintels

i'a L FUASCHAY CHA TSRS
CONTRACTENS & COMNUATANTS

© International Masonry Institute 2016

masonry lintels

= fast

= economical

= matches wall

= moves at same rate of wall

= puilt-in-place or prefabricated
= easy to 6 - 10 feet

= longer spans possible

— 12'-0" common in recent
Detroit school prototype

— recent example in WI: 52'-
0"l'long @ 12 courses high !




masonry lintel analysis in from finite
element model (FEM)

- Masonry lintels analysis and
design in a FEM

- evaluate the area above the
opening, of the plate/wall mesh
used for analyzing a masonry wall

- Not a separate entity for a
masonry lintel

- the lintel is part of the wall mesh




masonry lintel

masonry lintel




masonry lintel temporary support

R TP PR A TN TN AT

i CJ not needed hereI

masonry lintels are integral with  §
masonry wall, creates a robust
efficient design
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WHAT PREVENTS TORSION?

g%f;fﬁmi W-FLANGE WILL FOLD
X - -
) EA. SIDE LINTEL SEE PLANL o0 r N T

OF FLANGE P

e /3" NoNLy

JE==

—— |

2 z[
i < [BEARING PLATE
— TOO BIG!

WILL NOT SLIDE LONG TERM
CEMENTICIOUS MATERIAL CREATES FRICTION [R

H20+DAMP + STEEL = RUST!! | ©

CONTROL JT. & J/_ 9

N ok ||/

FIXED CONN./

BRG. - T1/2" x 1/2" x 07 1/2"
W2-1/2"¢ x 4" H. 5TUDS
PROVIDE SLIDING CONN, ONE

SLIDING END S = END ¢ FIXED CONN. @ OPF. END

SEE ARCH—— &
| Z —
EXPECT A CRACK s H -

"] A
HERE 0

N BRGE., ON MA

VP STL. LINTEL

—— LINTEL SEE PLAN

— MASONRY WALL PROVIDE
JAMB REINF, ¢ GROUT SOLID

— AN

@y SCALE: NOT T0 SCALE

JAMB REINF SHOULD GO FULL
HEIGHT, OTHERWISE WALL HINGE




tips for control joints

MINIMAL AREA AT PIER TO PLACE CONTROL JOINTS

[ R




tips for control joints

DESIGN AREA AROUND DOORS WITHOUT CONTROL JOINTS

AL

| [LREIN MERS¥ 4f £001 0 )

IEN RESUME STANDARD PRACTICE FOR THE REST OF THE BUILDIMN

Lintel with thermal break

- With torsional capacity,
masonry lintels allow
us to use thermal

"friendly" lintels







new products & solutions

Q6" CMU
Qlnsultech CMU

A prefabricated masonry

W team

© International Masonry Institute 2016

1800 UR RENTS










6" CMU

Wie.  team

© International Masonry Institute 2016

6" CMU

thinner wall profile

— (interior space gains)

= thinner foundation

= lighter wall

« lighter for masons

= more room for insulation
= more air flow

» sustainable use of materials

= |less material cost




rake mortar %” deep for installation of
backer rod & sealant

anchor stone at ends

TIasning
1" overhang — both sides
STONE WALL CAP o 6" C
3
1” code min air space, 2” preferred
r\A(
ﬁ‘\quz“ 0. MBrr
PIPE HANDRAIL -PAINT P1 | 1VZ'ROUND METAL 055 840" 0C,
— |1 CORED INTO RAMP CONSTRUCTION W/
¥ g NON-BHRINK GROUT -PAINT P1
B = . :
o ; . ” S
| |consider using 67 = WHEELCHAR CURB (2) 1 12" ROUND
CMU to get more air 4" /METALML@-FNNTH
space behind veneer | COMPRESSIBLE JONT 1 s
. N /H d_% GRADE AWAY FROM RAMP E
T T, ¢ J%EECML
_3 : use surface connection Q
4 | detail or SS railing 3
- as drawn, this detail will
weep vents rust and crack concrete

in 5 +/-years

24” o.c.

many typic

—=

Masonry Detail Review for: N teal
by: International Masonry | I 1

6" CMU @ Chicago rowhouse

« 25" x88’, cavity wall front, single-wythe sides & back,
« 12'-0" floor-to-floor, precast plank bearing on wall (May 201¢)
 #4 @ 72", multi-course masonry lintels




refofit 6" CMU shear walls
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Algona, WA (2015)

R&D Masonry (Seattle, Adrian Siverson)
2 miles, 16’ Tall, 24” masonry piers,
6” CMU between piers with BB's




I =D Masonry &

“Out BUsiness i Buslding”
TO0-653-1414

www.rdmasonry.com

6" CMU partition
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Sizes: 6
SHAPES AND SIZES

m Regular™ m Two Gitr. / Half Block m 5 High (Starter] m Half High

e -~
7% s 35
754 ' -~
~ -~ x
~ 15% 155
- T4y -~ -~
/5’«1 \ o s V2 .
- Concoete
080000 Cantrete DEONAZ Cancrete 0641006 Loncrete DEO0OR
mm,m":;: i ioon ,_'QM“”;; 060206 Lightwerght 060208 Lightweight
4 £ (May be avaliabiz as o My be avcilable o€ o alid)

—m Bay Block (45" Coener) Bond Bram m Utiity Knockout
=

<85y | -
-~ -~
- T
T 5 Tom
% -~
< < =
- .
0 o 155 -
. 55

" Tuny
“z ] -
5% 7 080010 Concrete 245 |, [ ea012 concre < 60015 Concrete “"m2 ’U‘;E""fl’;"‘"{
080210 Lightweight- DEO212 Lightweight DEO215 Lightwelght DﬁOD'IB{RImmmIH!ﬂJ(G['“(EJMa‘,I

m Selid m Single Bullnose” _m Two Orr. / Half Block Double Bullnese® End

single Bullnose®
- o
-
75y Tie = 7%
- - -
~ R ~
15 5y -, T 15 5
F 145y a g i
™ 755 G

2
- " (1

% pA00S4 Conerete =™ 084001 Conuiete 064005 Concrere "7 084010 Conerete
060754 Lightweight 061201 Lightweight 054206 Lightweight 064210 Lightwright

m Drouble Bullngse* Face T Q. / Half Block m 45° Return Cormer
-~ :

Double Bullnuse"

T5 B
2 Ty
= -
) 3 -~ =
’,,@/_“ L 5w o T
054012 Concrete 064016 Concrete
064212 Lightwsaight D64216 Lightweight DB TR Condrats.
= All Bullose have 1" radius. ailable at ail County
“* Full 8" high units avalluble &
G HARRNIALE CON AT CONCRETE MASONRY PRODUCT GUIDE + www.countymaterials.com

see photo from new UWL
parking ramp

landscaping rock/
mowing strip

- e
e W e
height can vary -
lwith grades
s

\l bevel cut insulation
¥ B

waterproofing tied
into wall air barrier

Masonry Detail Review for: original detail Berners-Schober (Nic Kaufmann), edits by Mike Adler (River) and Pat Conway
by: International Masonry Institute, April 11, 2017, pconway@imiweb.org

use of industry
specific project. There are

e unique elements of the building

of applying the

on this project

ns of the information provided herei

significance and

15}
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£
2
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8
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/s and practices, however, designers and contractors need to coordinate each detail wi

s vary based on geographic

This plan and specifi
construction prat
many typical def







Insultech CMU

Wil team

L FARCRAT CHA TSN
CLATRAL T, A CONLATANTS

© International Masonry Institute 2016




Lawrence University Banta Bowl Support Facility — Appleton, WI (2015)
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prefabricated masonry

© International Masonry Institute 2016
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prefabricated CMU

Local 4 IN/KY members Wendell J. Flake and Eric Bowser, on the left wall, David Stierwalt, center, and J Myers assembling the walls.

4 | BRICKLAYERS AND ALLIED CRAFTWORKERS




prefabricated sound barriers (Indiana)
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prefabricated CMU panels




prefabricated masonry arches
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prefab stair ftowers










interior partitions

Wie.  team
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IMI masonry partition software — v2
imiweb.org/structural-solutions/masonry-

partition-wall-software/

PR ERCHIN I e =;§ai{mﬁm Thickness: n
L s : 4" 6" mEt Ol o1zt L
I“l iyl ig.pq:i_ﬂc,d Masonry Compressive Strength (f,): (1568 |i
{ sy — i
= 'i AUOMALE Uncheck Auteestic for masial gl |i

o s daiga. T 1 Type N Masonry Cement I

pe. exprcicnce, md fulgrar. Usces of this progrars mst dctsrmine the

walidity of the reuslis rovEee -

y far he mag or spplication of this program.

onm

2015 IBC (2013 TMS 402602
2012 BC (2011 TMS S02/602)
= 2009 IBC (2008 TMS 402/602)

Specifications

| CMU (Light weight, 10S pef)
CMU (Medium weight, 125 pef)
+ CMU (Noemal weighe, 138 pef)
I Clay

N’

Design Starus: Good ()

Calculate/Report

Solid

Noeninal Thickness
4 06 of o1t 12t

Specifiod Misanry Compressive Strength (f ') #8081
i

T —— v —

|
Information [Mocr Ty

* Background
» Reinforoed Example

“Type N Masonry Cement
« Type § Masonry Cement
Type N Portland Cememt Lime or Mortar Cement
Type 5 Portland Cement Lise o Morar Censeat

Exampic

+ ‘lype ¥ Masonry Cement
Type N Portland Cement Lime or Mortar Cement
Type § Portland Cement Lime or Morar Ce

T
o Dcieces Daad

Hond Patt
Ty ! Not Lunnang Bood,

AERSE

{Gront Spacag (| rere | mches
(Pcbar Spaciag }ﬁé?‘- inches :.
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MetAge 52 it
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shear wall

MSJC 2013 P ———

- resists shear in plane lateral shear
loads

+ in seismic regions, we need to
classify as:

- ordinary plain

- detailed plain

- ordinary, intermediate, or
special reinforced shear walls

Masonry shear walls for seismic loads
IBC — seismic wall characteristics

 Ordinary Reinforced Section - 1.17.3.2.4 (summary)
—at least #4 vertical reinforcement within:

*16” of edge of opening and within last 8” of wall ends
—2-W1.7 horizontal joint reinforcement at 16” o.c.
—reinforcement top and bottom of openings = 16”

«extend 24" past opening, nor less than 40d,
—reinforcement within 16” of top of walls
—based on ASD or SD

* Intermediate Reinforced - Section 1.17.3.2.4 (summary)
—all requirements of Ordinary Reinforced
—and vertical reinforcement no further apart than 48” o.c.

 Special Reinforced - Section 1.17.3.2.4 (summary)
—all requirements of Ordinary Reinforced
—and reinforcement no further than 48” o.c. vertically and
horizontally and much, much more




partition wall

MSJC 2013

- an interior wall without structural
function

- based on MSJC 2013, new
chapter 7, need to ensure no in-
plane forces enter wall which are
not accounted for

interior partition walls

f’'m=2250psi, mortar cement
IBC min load - 8psf in new code (5 psf loading old code)

SDCA, B
10 ft 12 ft 14 ft 16 ft 18 ft 20 ft 24 ft 30 ft
6 inch 5#4@96%#4@96%#4@72%#4@40%#5@24
"""" sineh 4% 15 @95 15 045
""" Loineh  uew
""" L2ineh s




interior partition walls

f’'m=2250psi, mortar cement

IBC min load - 8psf in new rade (5 psf loading old code)

10 ft

12ft | 14ft | 16ft | 18ft | 20ft | 24ft | 30ft

HA @ 96 H4 @ 96 #4 @ 72 1 #4 @ 40 #5 @ 24

...................

interior partition walls

f’'m=2250psi, mortar cement

IBC min load - 8psf in new rade (5 psf loading old code)

10 ft

12ft | 14ft | 16ft | 18ft | 20ft | 24ft | 30ft

| #A@48 | #A@A48 (#4 @ 48 #4 @ 48 {#4 @ 48 #4 @ 40 | #5 @ 24

....................................................................................................................................................................

....................................................................................................................................................................

 HA@A48 | HA@AS | HA@AS | HA@AS | HA@AS | HA@AS | HA@AS




interior partition walls

f’'m=2250psi, mortar cement
IBC min load - 8psf in new rade (5 psf loading old code)

10ft | 12ft | 14ft | 16ft | 18ft | 20ft | 24ft | 30ft

6inch | #4@48 | #4@48 | #4@48 [#4 @ 48 #4 @ 48 | #4 @ 481 #4 @ 40 #5 @ 24

8 inch #4@48 #4@48 #4@48 #4@48 #4@48 #4 @ 48 #5 @ 48 #5 @ 48

olid grout and min horlz relnf at 24

16inch | #4@48 | #4@48 | HA@AS | HA@AS | #A@AS | HA@AS | HA@AS | HA@AS

confinuous light-gauge angle

1" SPACE MIN., OR
AS REQUIRED
TOP OF WALL TO
| ACCOMMODATE FLOOR/
Boon R ERTI STRUCTURAL FLOOR OR ROOF
i CONTINUOUS OR SYSTEM
- INTERMITTENT ANGLE »
f @ EACH SIDE OF WALL
i A '
;_/"-_-___ REMR ORCEMENT i ~
L SRS 5 LEx3x' x1-3'LLV § 407 0C
FLACED SNUG AGAINST WALL
HORIZONTAL JOINT y EACH SIDE
S :
[ MUST HAVE 1" MIN. CLEARANCE
2N N {ORAS REQUIRED TC
ACCONMMODATE OEFLECTION)
BETWEEN TOP OF NON-BEARING
Sy e WALL & BOTTOM OF FLOOR OR
L ROOF
MASONRY WALL

/5F\ NON-LOAD BEARING MASONRY PARTITION
\Wf/ SCALE :NTS




interior partitions

i
( :...




interior partitions

option #1: clip angles @ reinforced cells

interior partitions

gauge continuous angle

option #2: light




what's needed at the base?¢
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FEMA P-361 & ICC 500

FEMA P-361 is a FEMA document providing guidance for safe
room design —

“There has not been a single reported failure of o safe room
constructed to FEMA criteria.”

Safe Rooens for Tormadoes
and Hurricanes

0

ICC 500-2014

ICC 500 is a standard for storm shelter design

and construction and is adopted by reference [ S T TANDARD
in the IBC. ' oS SIGN AND
- 1CC 500-2014 is referenced in the IBC 2015 & ICTION OF
- Update to previous ICC 500-2008 | SUREITERS
Contains the requirements for storm
shelters

8€

| 1. Values are nominal three-second gust wind speeds in miles Hawaii 180 mph
| per hour at 33 leet above ground for Exposure Category C. Pusrto Rico 200 mph {1 200 mph
2. Multiply miles per hour by 0,447 to obtain meters per second,  Virgin Islands 200 mph I 250 mph
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Tornado Missile Testing —
Masonry Cavity Walls (Specimen 1)

Clay brick, utility size; 2" cavity,
8" CMU back-up partially grouted & reinforced at 32°¢/c
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|ICC 500 shelter concept

Classroom wing as Shelter

Shelter walls designed for both
missile impact and shelter wind
loads (grey)

Jnterior walls — partitions or
structural. No requirement for
missile impact resistance (beige)

Shelter rated doors
(recessed at end of
corridor — alcove not

Shelter rated windows/shutters — shown but required)

maximum number of windows shown
but probably won't want to include that
many as they need to be shuttered or
debris-rated (see next slide)

N Typical doors (all classrooms)
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Steel beam
welded to base plate

Grouted base plate with
2 hooked anchor bolis

2 horizontal reinforcing bars

NOTE: A single bond beam will \
be adequate in most cases. ‘—-_\\u

Use a double bond beam when

large wall openings are present.

Verical reinforcement ———

Horizontal joint reinfarcing F——
every other course

Overlap for reinforcing steel
determined from uplift and e
lateral wind loads

Lap splice in accordance ——
with Masonry Code

J_.r- — - .._.I

T'

Steel beam

|
O=0O~0 continuous load path

1. Uplift pressures act on roof.
Slab reinforcement transfers

load through slab.

2. Studs on top flange of I-beam
transfer loads lo steel beam,

3. Anchor plate is welded to steal
beam. Hook bolt or stud
transfers load to bond beam.

4, Vertical wall reinforcement
transfers load through wall.

&. Wall reinforcement overlaps
foundation reinforcement to
carry icads into foundation,

6. Foundation distributes load
and transfers forces to ground,

Grade

window shutter




recap

1. new systems (SAM) and new design
options for masonry

2. control joints locations are critical,
and affect lintel design

3. masonry can be 6" to 16”
4. new products are available

5. prefabrication can improve
construction speed, efficiency

6. consider masonry partitions
7. storm shelters or hardened structure

* masonry can be much thinner and
taller than many engineers believe

i. use advanced analysis methods,

use fm 2000, 2500, or 3000 or
4,000 psi (when needed)

E

sponsored by:

team

UMION MASOINRY CRAFTWORKERS
TANTS

CONTRACTORS & COMNSLL

designed by:




Pat Conway, AlA Sam Rubenzer, PE, SE

International Masonry Institute FORSE Consulting

pconway@imiweb.org sam@forseconsulting.com

608.437.6871 844.443.6773 x700




