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Energy

Graph is from the Uppsala Hydrocarbon Depletion Study Group 
Energy Security and Saving the Planet, Joseph W. Lstiburek, Ph.D, P.Eng., Fellow ASHRAE

World Oil Production



Energy

Graph courtesy of Chevron Oil
Energy Security and Saving the Planet, Joseph W. Lstiburek, Ph.D, P.Eng., Fellow ASHRAE

Using Twice as Much Oil as What’s Being Found

Energy

Graph courtesy of British Petroleum
Energy Security and Saving the Planet, Joseph W. Lstiburek, Ph.D, P.Eng., Fellow ASHRAE

Who Has the Oil?



Energy

Graph courtesy U.S. Energy Information Agency 
Energy Security and Saving the Planet, Joseph W. Lstiburek, Ph.D, P.Eng., Fellow ASHRAE

U.S. Energy Flow

Transportation 
consumes just 
under 30%

Buildings 
consume 
40%

Energy

What is the energy solution for transportation?

The answer:  plug-in hybrid vehicles
Energy Security and Saving the Planet, Joseph W. Lstiburek, Ph.D, P.Eng., Fellow ASHRAE



Energy

What is the energy solution for buildings?

Energy Security and Saving the Planet, Joseph W. Lstiburek, Ph.D, P.Eng., Fellow ASHRAE

The answer:
Double and triple thermal 

resistance in typical 
building enclosures

and
Reduce the amount of 

glass

The Perfect Wall

Vapor Profile

Thermal control layer

Rain control layer

Air control layer

Structure

Cladding

Vapor control layer

The Perfect Wall, Joseph W. Lstiburek, Ph.D, P.Eng., Fellow ASHRAE



Proposed Masonry Wall

4”1 1/2”

STEEL 
REINF.

3 5/8” 5 1/2” 7 5/8”

4” SPRAY 
POLYURETHANE 
FOAM

FACE BRICK

CMU

1’ – 4 3/4”

DRAINAGE 
CAVITY

R-Value = 30.6

Example: Barracks Elevation 
21% window openings (100 room dorm)



1000 YEARS AGO, stone enclosure – R-2

500 YEARS AGO, thatched roofs improved enclosures – R-4

350 YEARS AGO, post and beam, waddle and daub cavity 
construction – R-6

250 YEARS AGO, log cabin timber construction – R-8

100 YEARS AGO, mass wall, 10% glazing ratio – R-8

IN 1972, non-thermally broken aluminum curtain walls – R-1.5

TODAY, thermally broken aluminum curtain walls – R-2

Saving Energy

The Perfect Wall, Joseph W. Lstiburek, Ph.D, P.Eng., Fellow ASHRAE

¦ After 1000 years, we are still designing 
walls with R-2.  It’s the energy we are 
expending at 2.5 times that of what we are 
finding.

¦ Learn glass is most expensive and does 
not create an energy efficient building 
envelope

¦ When more than 30% glass is used in a 
building, it is not socially responsible.

Saving Energy

The Perfect Wall, Joseph W. Lstiburek, Ph.D, P.Eng., Fellow ASHRAE



Saving Energy

Modern commercial vertical enclosures 
(glazing and wall) actually have a 
composite R-value that is rarely over 7, and 
more likely in the range of 3-to-5!

Prioritizing Green: It’s The Energy Stupid, Joseph W. Lstiburek, Ph.D, P.Eng., Fellow ASHRAE

Can Highly Glazed Building Facades Be Green?, John Straube, Building Science Insights, BSI-006, September, 2008.

Saving Energy
Enclosure R-value versus Glazing Ratio.

R=5.8
Brick veneer 
over steel studs

21%



Proposed Masonry Wall

21% glazing (R-3) & insulation (R-30.6)

Uoverall=(WWR*Uwindow+(1-WWR)*Uwall)
U = (0.21*0.33)+(0.79*0.033)
U = 0.095
U = 1/R
R = 10.5 (composite)

Prioritizing Green: It’s The Energy Stupid, Joseph W. Lstiburek, Ph.D, P.Eng., Fellow ASHRAE

Can Highly Glazed Building Facades Be Green?, John Straube, Building Science Insights, BSI-006, September, 2008.

Saving Energy
Enclosure R-value versus Glazing Ratio.

R=10.5
Proposed 
masonry wall

R=5.8
Brick veneer 
over steel studs

21%



Saving Energy

Do you know what your building energy cost is?, Perry Hausman, PE, LEED AP, TowerPinkster

High Performance Low Energy 
Sustainable Building

Saving Energy

¦ 16” multi-wythe masonry wall (R-26.3)
¦ 3 5/8” face brick
¦ 1 1/4” drainage cavity
¦ 3 1/2” spray applied 

insulation
¦ 7 5/8” block

High Performance Low Energy 
Sustainable Building

Do you know what your building energy cost is?, Perry Hausman, PE, LEED AP, TowerPinkster



Saving Energy

¦ The team has designed buildings that are 
operating as low as $0.77/sf per year and 
only as high as $1.13/sf per year.

¦ According to the EPA’s “Energy Star 
Target Finder,” the average K-12 building 
consumes $1.39/sf per year.

High Performance Low Energy 
Sustainable Building

Do you know what your building energy cost is?, Perry Hausman, PE, LEED AP, TowerPinkster

Saving Energy

High Performance Low Energy 
Sustainable Building

Do you know what your building energy cost is?, Perry Hausman, PE, LEED AP, TowerPinkster

¦ Designing high performance low energy 
sustainable buildings, including higher 
insulated brick and block walls, has 
reduced energy consumption from 18.8% 
to 44.6%



Hi R-Wall Details

MIM Generic Wall Design - DRAFT

Significantly reduces thermal bridging

Steel Framing & Building Envelopes, James D’Aloisio, PE, SECP, 
LEED AP, Modern Steel Construction, January 2010

Hi R-Wall Details

MIM Generic Wall Design - DRAFT

Significantly reduces thermal bridging



Hi R-Wall Details

MIM Generic Wall Design - DRAFT

Significantly reduces thermal bridging

8” CMU

6” CMU

6” CMU

= 8” CMU Precast Plank
Direction

Structural Model

¦ All exterior and interior masonry walls

Gravity Force Resisting System
¦ Exterior masonry walls
¦ Corridor masonry walls

Lateral Force Resisting System



Structural Model

Full 3D Structural Model in RSS

Structural Model

Load Bearing Shear Wall Loads



Structural Model

Load Bearing Shear Wall Vertical Force

Structural Model

Load Bearing Shear Wall Detailing
#5 @ 96” o.c.



Construction Schedule

¦ Masonry products use abundant resources 
with long service lives
¦ Stone, gravel, sand, clay, earth, gypsum, lime, 

perlite, quartz and silica
¦ 8” and 12” CMUs are readily available

¦ No lead time required
¦ No shop drawings required

Construction Schedule

¦ Enhanced 
construction 
schedule

¦ Decreased 
building height

¦ Easier installation 
of continuous air 
barrier from wall to 
roof elements

http://www.imiweb.org/design_tools/masonry_details/details/02.120.0752.php



Construction Schedule

16 working weeksAverage Crew Size
14 bricklayers
11 laborers

¦ Crew size could increase depending on finishing brick veneer and
could save 10 working days

¦ Based on 54,766 sf

Estimating Model

Tradesman 3D 



Estimating Model

Total cost: $16.52/sf

¦ Based on SouthWest labor & materials
¦ Does not include premium finishes on interior walls
¦ Includes hollow core concrete floor planks

Initial Construction Cost

Estimating Model

Initial Construction Cost 
Blast Resistance Windows (1 psi)

Total cost: $16.73/sf

#7#7@ 16” o.c.



Life Cycle Cost Analysis

An economic assessment of an item, system or facility 
and competing design alternatives considering the time 
value of money

Life Cycle Cost Analysis

1Clean, repoint, reseal, and paint
2Energy, fuel, maintenance, and repair
3Based on 50,000 sf exterior wall model
4Based on SouthWest labor & materials

24.871.24133.7526.441.08 
Brick Veneer Over 
Block W/4” Spray 
Foam

49.372.47186.0452.222.23
Insulated Precast 
Panels

32.361.62386.1229.301.20
Brick Veneer Over 
6” Metal Stud 
W/Rigid Insulation

Total Life 
Cycle Costs 3, 

$/sf

Total Life 
Cycle 

Costs, $M

Total 
Annual 

Costs 2, $G 

Total 
Replacement/
Salvage1, $G

Total Initial 
Construction 

Cost, $M
70 years4



Loadbearing Multi-Wythe Masonry

LOW

For All It’s Worth
¦ Initial construction cost

ENHANCED

Loadbearing Multi-Wythe Masonry

¦ Initial construction cost
¦ Construction schedule

For All It’s Worth



ACCOUNTABILITY

Loadbearing Multi-Wythe Masonry

¦ Initial construction cost
¦ Construction schedule
¦ Single source contractor

For All It’s Worth

LOW

Loadbearing Multi-Wythe Masonry

¦ Initial construction cost
¦ Construction schedule
¦ Single source contractor
¦ Life cycle cost

For All It’s Worth



LOW

Loadbearing Multi-Wythe Masonry

¦ Initial construction cost
¦ Construction schedule
¦ Single source contractor
¦ Life cycle cost
¦ Maintenance cost

For All It’s Worth

EXCELLENT

Loadbearing Multi-Wythe Masonry

¦ Initial construction cost
¦ Construction schedule
¦ Single source contractor
¦ Life cycle cost
¦ Maintenance cost
¦ Durability

For All It’s Worth

Fort Wayne Barracks, Detroit, MI
Built 1848



Excalibur in Las Vegas, NV 
28 stories tall (240ft)

Loadbearing Multi-Wythe Masonry

¦ Initial construction cost
¦ Construction schedule
¦ Single source contractor
¦ Life cycle cost
¦ Maintenance cost
¦ Durability
¦ Structural system

For All It’s Worth

CONTINUOUS 
BACKING

Loadbearing Multi-Wythe Masonry

¦ Initial construction cost
¦ Construction schedule
¦ Single source contractor
¦ Life cycle cost
¦ Maintenance cost
¦ Durability
¦ Structural system
¦ Anchoring for stone

For All It’s Worth



Loadbearing Multi-Wythe Masonry

EXCELLENT

¦ Initial construction cost
¦ Construction schedule
¦ Single source contractor
¦ Life cycle cost
¦ Maintenance cost
¦ Durability
¦ Structural system
¦ Anchoring for stone
¦ Fire rating

For All It’s Worth

EXCELLENT

¦ Thermal resistance

For All It’s Worth

Loadbearing Multi-Wythe Masonry



HIGHER EFFECTIVE 
R-VALUE

¦ Thermal resistance
¦ Thermal mass efficiency

For All It’s Worth

Loadbearing Multi-Wythe Masonry

GOOD

¦ Thermal resistance
¦ Thermal mass efficiency
¦ Sound resistance

For All It’s Worth

Loadbearing Multi-Wythe Masonry



EXCELLENT

¦ Thermal resistance
¦ Thermal mass efficiency
¦ Sound resistance
¦ Moisture resistance

For All It’s Worth

Loadbearing Multi-Wythe Masonry

EXCELLENT

¦ Thermal resistance
¦ Thermal mass efficiency
¦ Sound resistance
¦ Moisture resistance
¦ Mold resistant

For All It’s Worth

Loadbearing Multi-Wythe Masonry



ALTERNATE LOAD 
PATH

¦ Thermal resistance
¦ Thermal mass efficiency
¦ Sound resistance
¦ Moisture resistance
¦ Mold resistant
¦ Structural redundancy

For All It’s Worth

Loadbearing Multi-Wythe Masonry

UP TO 52 POINTS

¦ Thermal resistance
¦ Thermal mass efficiency
¦ Sound resistance
¦ Moisture resistance
¦ Mold resistant
¦ Structural redundancy
¦ LEED points

For All It’s Worth

Loadbearing Multi-Wythe Masonry



CONSIDER FUTURE 
GENERATIONS

¦ Thermal resistance
¦ Thermal mass efficiency
¦ Sound resistance
¦ Moisture resistance
¦ Mold resistant
¦ Structural redundancy
¦ LEED points
¦ Sustainable

For All It’s Worth

Loadbearing Multi-Wythe Masonry

SAME DOLLAR 
CIRCULATED 4 

FOLD

¦ Thermal resistance
¦ Thermal mass efficiency
¦ Sound resistance
¦ Moisture resistance
¦ Mold resistant
¦ Structural redundancy
¦ LEED points
¦ Sustainable
¦ Manufactured locally

For All It’s Worth

Loadbearing Multi-Wythe Masonry



¦ Thermal resistance
¦ Thermal mass efficiency
¦ Sound resistance
¦ Moisture resistance
¦ Mold resistant
¦ Structural redundancy
¦ LEED points
¦ Sustainable
¦ Manufactured locally

For All It’s Worth

Loadbearing Multi-Wythe Masonry

¦ Initial construction cost
¦ Construction schedule
¦ Single source contractor
¦ Life cycle cost
¦ Maintenance cost
¦ Durability
¦ Structural system
¦ Anchoring for stone
¦ Fire rating
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Insight 
Energy Security 
(and saving 
the planet) 
An edited version of this Insight first appeared in the ASHRAE 

Journal. 

By Joseph W. Lstiburek, Ph.D., P.Eng., Fellow 
ASHRAE 

Energy security is pretty easy to get a handle on—don’t 
buy oil from the Middle East, Russia, Nigeria and 
Venezuela.  We don’t need it anyway.  We have plenty of 
energy right here in good old North America.  The 
problem is that it is not cheap energy and it is not clean 
energy.  We can make it clean, and we will, but it will be 
even more expensive.  And actually that is good because 
we won’t waste it when it is expensive. 
 
To be perfectly clear we don’t have an energy crisis we 
have a cheap oil crisis.  We are running out of light, 
sweet, Arabian crude (Figure 1 and Figure 2).  And 
guess who has the oil (Figure 3)?  The sooner we run 
out of it the better.  As soon as the price of oil gets high 
enough we will change over to another energy source.  
 
Here’s the way I see it.  The first thing you have to 
understand is that energy security is first and foremost a 
car-truck-transportation problem that—as it gets 
solved—will change the rest of the economy—for the 
better I might add.  In fact we have already solved the 
transportation problem although most folks don’t 
appreciate it.  The good news is that the Government 
didn’t do it and couldn’t do it.  The bad news is that 
Government might yet still screw it up.  I want the 
marketplace and innovation to sort it out.  The only 
thing we need from government is a modicum of 
environmental protection so we don’t pee in our 
collective planetary bed while this gets sorted out.  I 
think we can count on that—the environmentalist’s 
heads would otherwise explode. 

So what is this solution to energy security?  The plug-in 
hybrid vehicle.  That’s it?  Yes, that’s it.  Not fusion?  
No.  Not solar?  No.  Not the flux capacitor?  No.  
 
A hybrid vehicle is nothing more than an electric vehicle 
with gasoline as the energy source for the electricity.  
When we add a big enough battery we can plug it in and 

Figure 1:  “King” Hubbert—When a modified Hubbert approach 
is applied to world oil production we see that either “peak oil” is 
here already or very close.  M. King Hubbert was a geoscientist 
who worked for Shell Oil in Houston who predicted correctly that 

US oil production in the lower 48 states would peak in 1972.  Dr. 
Hubbert predicted this in the 1950’s.  Graph is from the Uppsala 
Hydrocarbon Depletion Study Group. 

 

 

Figure 2: Where Have All the Dinosaurs Gone… Long Time 
Passing?—Oil comes from dead dinosaurs (according to the Fred 

Flintstone school of geology) and there aren’t no more dinosaurs 
around to die….we aren’t growing more dinosaurs.  Let me 
translate.  There is only a fixed amount of oil to find and that 
amount is a function of our Planets geologic history.  When you 
are using twice as much as you are finding you will run out.  I see 
a pattern developing here between current Government energy 
policy and current Government economic policy…Only a 
Government can spend twice as much as it collects.  Graph is 
courtesy of Chevron Oil. 

Kelly L. Walker
Article reprinted with permission from Building Science Corporation.
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run the vehicle using juice we get from the grid rather 
than juice we get from the gasoline.  As we transition 
current hybrid vehicles from nickel hydride to lithium 
ion battery technology we are going to be able to plug-in 
the vehicle and get 50 to 75 miles between charges.  This 
is a big deal because this is the distance of the average 
commute.  And we don’t have to worry about running 
out of battery power because we still have the gasoline 
there to take over when we run the battery down. 
 
It gets even better when we dilute the gasoline with 
ethanol—and boy can we dilute it—up to 85 percent 
(E85 ethanol is 85 percent ethanol, 15 percent gasoline) 
—and presto—end of transportation energy problem, 
hello energy independence.  The vehicles will have all 
electric drive1 —gasoline/ethanol will be burned only to 
run a generator to charge the battery packs. 
 
Will the vehicles get smaller?  What are you on crack?  
This is America—the land of the 60 oz. Slurpee and the 
40 oz. bladder.  We are a nation of big assed Americans 
with big assed cars and trucks.  We are going to go for 
high performance and size.  How do you say 500 brake 
                                                        
1
  The General Motors “Volt” is an impressive piece of work.  The internal 

combustion engine runs only a generator to keep the battery pack charged.  
It is all electric drive.  I had my doubts about GM–I still do–but they could 
actually pull this off.  I can hardly wait for 2010 when it rolls out.  This 
vehicle could change everything.  Detroit could get its Mojo back – and help 
the Republic as well. 

horsepower in kilowatts?  
Do you have any idea what 
torque you can get with 
series-shunt electric drive?  
We don’t have the tire 
technology to take the 
stress.  Electric dragsters 
will leave the nitro burners 
in the dust. 
 
So what is this transition of 
the transportation sector 
from petroleum to 
electricity and ethanol going 
to do to the rest of the 
economy?   Well, electricity 
is going to get expensive—
very expensive.  And so is 
natural gas, because we 
make electricity from 
natural gas.  Oh, we make 
electricity from coal too, but 
coal is dirty, and we are 

going to have to make it clean and that will make it 
expensive.  So we will have expensive electricity made 
from natural gas and from clean coal.  What about 
Nuclear?  It will be cheaper to make the electricity out of 
clean coal than with Nukes.  The big problem with Nuke 
is what to do with the waste.  We were going to stick it in 
Nevada, but too many people live there now and the 
Congressional representation is now strong enough to 
kill that idea.  So where to put it?  What’s a big state with 
no people and weak Congressional representation?  I 
pick Montana. 
 
With the plug-in hybrid I bet the cost of electricity will 
go to 35 cents/kilowatt and the cost of natural gas will 
double.  At 35 cents/kilowatt that translates to 75 
cent/gallon gasoline.  Peanuts, nothing, zip, zilch.  
Electric plug-in hybrid vehicles win.  The American 
Dream lives on—we do love our cars.  Now, with 
winners, there are often losers. 
 
Who loses?  Pay attention here, now comes the fun part.  
Buildings consume 40 percent of all energy in the US 
economy (Figure 4)—more energy than the 
transportation sector (which pushes 30 percent).  We 
cool our buildings with electricity and heat our buildings 
with natural gas.  Folks, we are going to triple the cost of 
air conditioning and we are going to double the cost of 
heating.  The transportation sector is going to compete 

 

Figure 3: Who Has The Oil?  Nice, stable governments.  Graph is courtesy of British Petroleum. 
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with the building sector for the same energy and the 
transportation sector is going to win. 
 
A rational person would say, OK, just make the buildings 
smaller, with smaller windows, and smaller appliances.  I 
remind you this is America.  Twiggy is an European icon.  
Anna Nicole is an American icon.  Next question.  We 
are not going to get smaller buildings but we are going to 
get ultra efficient buildings.  We are going to double and 
triple the amount of thermal resistance in the typical 
building enclosure.  We are going to insulate, and we are 
going to insulate big time.   
 
Now this is both good and bad.  Good for energy 
security, bad for building durability.  Insulation reduces 

energy flow and here is a good time to remind everyone 
that there is no such thing as a free thermodynamic 
lunch.  As the energy exchange across building 
enclosures reduces, drying potentials reduce and this 
means we are in for a world of hurt in the coming years 
in terms of corrosion, decay, mold and other moisture 
induced deterioration as we change our building 
technology to take into account the new energy cost 
realities.  It gets ever worse, or better, depending on who 
profits from the problems, when you consider that over 
80 percent of the buildings that will be around in 2035 
are already here and they will have to be insulated as well 
(Photograph 1 and Figure 5).  Who knows how to 
do that?  I can tell you who does not: the info babes and 
male models on cable TV doing renovation shows. 

 

Figure 4: Energy Flow In the US Economy—Neat graph – energy “input” into the economy on one side and where it goes – the 

“output” – on the other side.  Note that the building sector currently uses the most energy – more than transportation and more 
than industry.  The transportation sector will compete with the building sector for the same energy.  Guess who will win?  Graph is 
from the US Energy Information Agency. 
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Building science and building diagnostics and 
building technology and building rehabilitation are 
going to boom because things are going to bust.  
Can it get even better?  Yes.  They can’t out 
source the jobs offshore to Bangalore, India.  This 
has to be fixed by Americans right here in 
America.  The future is not in plastics, my boy, 
the future is in construction.  Actually, the future 
is in fixing construction. 
 
Lets now go back a step and look at the ethanol 
part of this a little bit more closely.  Where are we 
going to get the ethanol?  Look around 
Grasshopper.  The politicians are meddling.  Corn 
is not the right play for the ethanol source, but 
that is where the subsidies are going.  It is never 
smart to trade food for fuel.  The price of corn is 
going way up.  That means beef prices go up 
too—the Big Mac price index is in for a ride.  Yes, 
food prices are going to go up because the 
politicians are meddling.  Cellulosic ethanol is the 
answer, but we will get corn ethanol in the short 
term until this silliness gets sorted out. 
 
Now, this is not the key point for us in the 
construction industry, entertaining as it may be.  
This ethanol thing is going to affect us in a big 
way once the marketplace figures out that 
cellulosic ethanol is the right play.  One of the 
dominant building materials we use is cellulose 
fiber.  It is likely to be a winner in the future as 
well.  However, it does not make sense for us to 
get this cellulose fiber by cutting down 1,000-year-
old trees in Washington State.  We should be 
growing and harvesting our fibers in Iowa, and 
Nebraska and Mississippi and Alabama on 
plantations. 
 
And we are beginning to do so.  The days of 
2x10’s and dimensional lumber are over.  The rise 
of engineered wood, OSB, hardboard, 
particleboard, fiberboard and laminated paper 
composites has arrived.  All of these products are 
cellulose fiber based.  All will be in competition 
for the same cellulose fibers that the 
transportation sector also covets.  Cars will be 
competing with buildings for the same energy and 
raw materials.  We know who will win.  The car 
always wins.  That means that the fibers the 

building sector will get will be second rate and expensive.  
And none of the engineered wood products are as 

Figure 5: Super Insulated Retrofit—R-60 roof, R-40 walls, R-20 
basement wall insulation, R-10 basement slab insulation.  Reduces 
total energy consumption to 65 percent of that of a similar building 
constructed to the 2003 Model Energy Code. 
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durable as the real thing—wood.  We will be adding stuff 
to the fibers to make the stuff work.  I predict the stuff 
won’t stay in the stuff and we will have environmental 
issues right along with the durability issues.  Damage 
Functions and the Arrhenius2 Equation here we come. 
 
The steel industry and the concrete industry and the glass 
industry are going to take their lumps in all of this.  Steel 
and glass and concrete architecture may win design 
awards, but you can’t build energy-efficient structures out 
of steel and glass and concrete—unless you reduce the 
amount of glass and insulate the rest on the outside. 
 
We are going to have fun boys and girls.  Think about 
what lies ahead?  Less robust materials in highly insulated 
building enclosures with low drying potentials.  Stuff is 
going to stink, rot, break and otherwise annoy.  This 
process has already begun, with part load humidity 
problems and mold.  There are going to be a lot of 
mistakes in the next decade as we get all of these things 
sorted out.  But I wouldn’t trade this for anything else in 
the world.  Because our country needs us to clean up the 
mess from the energy security ethanol hangover we are 
going to have.  
                                                        
2
  Svante Arrhenius.  Dead, European, Nobel Prize Winner, no longer 

fashionable to study.  Dr. Arrhenius showed that every 10 degree Kelvin 
rise in temperature “doubles the badness” for materials.  Same for relative 
humidity and ultra-violet radiation.  The Arrhenius Equation addresses the 
effect of the temperature, relative humidity and UV damage functions on 
building materials.  He also “invented” the “Greenhouse Effect.”  It wasn’t Al 
Gore – Mr. Gore was too busy inventing the internet… 

 

Photograph 1: 1912 Sears Craftsman House Retrofit—
Super insulated retrofit done to an existing century old 
building in Concord, MA.  Section shown in Figure 5.  This 
is what the future for existing buildings looks like. 



Kelly L. Walker
Article reprinted with permission from Vol 4 No 3 The Masonry Edge/Story Pole - Optimize Energy Performance
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FLOOR CONNECTION DETAIL
DETAIL 02.010.0701 REV. 08/31/07

Kelly L. Walker
Reprinted with permission from the International Masonry Institute.
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AS REQ’D
FIREPROOF SEALANT

FIRESTOP INSULATION 
MINERAL WOOL

AS REQ’D
GROUT & REINFORCING

AT TOP COURSE
SOLID CMU

ANGLES @ 4’-0” O.C.
3” x 3” x 8” L. CLIP

MECH. FASTENED TO 
UNDERSIDE OF SLAB,
BOTH SIDES OF WALL

CONCRETE MASONRY FIREWALL  
DETAIL 02.010.0702 REV. 08/31/07

T/ WALL AT SLAB ABOVE

Kelly L. Walker
Reprinted with permission from the International Masonry Institute.
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PLANK AT BEARING WALL
DETAIL 02.120.0751 REV. 11/25/08

INTERMEDIATE ELEVATION

2’-0 HORIZ. x 2’-0” 
VERT. #4 DOWELS          
AND GROUT AT               
PLANK KEYWAYS – 
SEE DETAIL 20.P02

3” MIN. BEARING & 
BEARING STRIP

BOND BEAM W/               
(2) #5, CONT, OR                   
AS REQ’D

GROUT PLANK         
SOLID AT BEARING

GROUT & VERTICAL 
REINFORCING AS 
REQUIRED

SOLID CMU

PRECAST CONCRETE 
PLANK

NOTE: VENEER & AIR/ 
MOISTURE BARRIER NOT 
SHOWN

HORIZONTAL. JOINT 
REINFORCEMENT

TOPPING IF REQ’D

LAP VERTICAL BAR 
SPLICE ABOVE 
PLANK LEVEL

Kelly L. Walker
Reprinted with permission from the International Masonry Institute.
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PLANK AT BEARING WALL
DETAIL 02.120.0752 REV. 11/25/08

INTERIOR WALL, INTERMEDIATE ELEV.

GROUT & 5/16” DIA. 
STRAND OR #3 BAR x    
6’-0” LONG IN KEYWAYS

3” MIN. BEARING & 
BEARING STRIP

BOND BEAM W/ (2) #5, 
CONT., OR AS REQ’D

GROUT & VERTICAL 
REINFORCING AS REQ’D

PRECAST CONCRETE 
PLANK

HORIZ. JOINT 
REINFORCEMENT

TOPPING IF REQ’D

LAP SPLICE ABOVE 
PLANK LEVEL

Kelly L. Walker
Reprinted with permission from the International Masonry Institute.
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PLANK AT BEARING WALL
DETAIL 02.120.0851 REV. 11/25/08

TOP OF WALL

2’-0 HORIZ. x 2’-0” 
VERT. #4 DOWELS          
AND GROUT AT               
PLANK KEYWAYS

3” MIN. BEARING & 
BEARING STRIP

BOND BEAM W/ (2) #5, 
CONT., OR AS REQ’D

GROUT & VERTICAL 
REINFORCING AS REQ’D.

SOLID CMU

PRECAST CONCRETE 
PLANK

NOTE: VENEER & AIR/ 
MOISTURE BARRIER NOT 
SHOWN

HORIZ. JOINT 
REINFORCEMENT

Kelly L. Walker
Reprinted with permission from the International Masonry Institute.
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PLANK AT BEARING WALL
DETAIL 02.120.0852 REV. 11/25/08

INTERIOR, TOP OF WALL

GROUT & 5/16” DIA. 
STRAND OR #3 BAR x    
6’-0” LONG IN KEYWAYS

3” MIN. BEARING & 
BEARING STRIP

BOND BEAM W/ (2) #5, 
CONT., OR AS REQ’D

GROUT & VERTICAL 
REINFORCING AS REQ’D

PRECAST CONCRETE 
PLANK

CONT. HORIZONTAL  JOINT 
REINFORCEMENT AT TOP 2 
COURSES, AND 16” O.C. 
BELOW, TYP., UNLESS 
BOND BEAMS ARE USED

VERTICAL 
REINFORCEMENT; LAP 
SPLICE W/ TOP DOWEL 
AS REQ’D

GROUT PLANK         
SOLID AT BEARING

Kelly L. Walker
Reprinted with permission from the International Masonry Institute.
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WALL INTERSECTION DETAIL
DETAIL 02.120.1501 REV. 08/21/09

GROUT & VERTICAL 
REINFORCING AS REQ’D

EXPANSION JOINT IF REQ’D 
(SEALANT & BACKER ROD 
NOT SHOWN)

CONTROL JOINT IF REQ’D 
(SEALANT & BACKER ROD 
NOT SHOWN)

HORIZONTAL JOINT 
REINFORCEMENT; DO NOT 
CONTINUE REINF. 
THROUGH C.J.

PREFABRICATED HORIZONTAL 
JOINT REINFORCEMENT              
T-SECTIONS (L-SECTIONS AT 
CORNERS

BRICK VENEER

ADJUSTABLE WALL 
TIES @ 16” O.C.

Kelly L. Walker
Reprinted with permission from the International Masonry Institute.



Structural 



 
 
 

AAnnouncing Hybrid Masonry Design 
 
In 2008, Bentley’s RAM software developers worked hand-in-hand with IMI, NCMA, and David Biggs 
of Ryan-Biggs Associates, P.C. of New York to enhance the RAM Advanse program (since renamed 
to RAM Elements) with the ability to design hybrid masonry structures.  The hybrid masonry concept 
has existed for many years, but Mr. Biggs has pioneered the design procedure for utilizing structural 
masonry infill within a structural steel frame, allowing for faster and more economical designs 
including irregular configurations, wall openings and more all done with a whole building approach, 
not just structural components.   
 
                  DETAIL FOR THIS…                                                       OR THIS? 
 

           
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 

                                       

RAM Elements 
The Structural Engineer’s Toolkit System is now even better 

IF YOU’VE EVER FOUND YOURSELF:  

--designing steel buildings that contain CMU walls as partitions only  

--trying to develop construction details for interaction between CMU 
walls and structural steel framing 

--handling requests for information (RFIs) from the field with questions 
about detailing masonry and steel interaction 

--handling complaints from architects about interferences between 
steel frames and CMU walls, fireproofing, etc. 

…THEN HYBRID MASONRY MAY BE FOR YOU.  AND RAM 
ELEMENTS IS THE TOOL TO MAKE YOUR DESIGN WORK EASIER 



RAM Elements – The Structural Engineer’s Toolkit System 

RAM Elements allows you to model an 
entire building, including wall openings, 
etc., and specify Type I, IIA, IIB, IIIA, or 
IIIB hybrid walls (as well as traditional 
loadbearing masonry walls) as required for 
your structure’s design.   

           

 

 

RAM Elements will automatically 
configure the releases for the finite 
element modeling of your hybrid 
masonry walls.  Output options include 
design code checks, traditional color-
coded FEA output, and… 

 

…full reinforcing bar layouts that can be 
exported for use in your drawings or for 
reviewing with architects and contractors.  

 

 

To learn more about the capabilities of RAM Elements for both general 
structural analysis/design and as an everyday component toolkit for retaining 

walls, continuous beams, footings, trusses, and more, please visit 
http://www.bentley.com/en-US/Products/RAM+Elements/ 
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Current Date: 6/30/2010 3:51 PM

Units system: English

File name: C:\Users\Scott Walkowicz\Documents\001 Masonry Coalition 2009\Projects\Masonry v Wood\100 Room Dorm Conversion\3-Story Load 

Bearing Wall with Shear 20100630.msw\

Design Results

Masonry wall
__________________________________________________________________________________________________________________________

GENERAL INFORMATION:

Global status : OK

Design code : ACI 530-05

Geometry:

Total height : 30.00 [ft]

Wall Thickness : 7.63 [in]

Total length : 15.33 [ft]

Base support type : Continuous

Wall bottom restraint : Pinned

Column bottom restraint : Fixed

Rigidity elements : Flanges

Materials:

Material : CMU 2.5-60

Mortar type : Port/Mort - M/S

Mortar bed type : Face shell bed

Grouting type : Partial grouting

Masonry compression strength (F`m) : 2.5 [Kip/in2]

Steel tension strength (fy) : 60 [Kip/in2]

Steel allowable tension strength (Fs) : 24 [Kip/in2]

Steel elasticity modulus (Es) : 29000 [Kip/in2]

Masonry elasticity modulus (Em) : 2250 [Kip/in2]

Masonry unit weight : 0.14 [Kip/ft3]

Effective masonry unit weight : 0.0742176 [Kip/ft3]

Number of stories: 3

Story Story height

[ft]

--------------------------------------------------------------------------------------------------------------------------------------------------------

1 10.00

2 10.00

3 10.00

--------------------------------------------------------------------------------------------------------------------------------------------------------

Openings:

Reference X Coordinate Y Coordinate Width Height

[ft] [ft] [ft] [ft]

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Lower left 4.66 1.67 6.00 5.33

Lower left 4.66 11.67 6.00 5.33

Lower left 4.67 21.67 6.00 5.33

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Flanges:
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Distance Thickness Width Position X Position Z

[ft] [in] [ft]

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.00 7.63 3.82 Centered Front

15.33 7.63 3.82 Centered Front

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Load conditions:

ID Comb. Category Description

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

DL No DL Dead Load

LL No LL Live Load

LLr No LLR Live Load Roof

SnL No SNOW Snow Load

WL No WIND Wind Load

SM1 Yes DL

DM1 Yes DL

D1 Yes DL

D2 Yes DL+LL

D3 Yes DL+LLr

D4 Yes DL+SnL

D5 Yes DL+0.75LL

D6 Yes DL+0.75SnL

D7 Yes DL+0.75LLr

D8 Yes DL+0.75LL+0.75LLr

D9 Yes DL+0.75LL+0.75SnL

D10 Yes DL+WL

D11 Yes DL+0.75WL+0.75LL

D12 Yes DL+0.75WL+0.75SnL

D13 Yes DL+0.75WL+0.75LLr

D14 Yes DL+0.75WL+0.75LL+0.75LLr

D15 Yes DL+0.75WL+0.75LL+0.75SnL

D16 Yes 0.6DL+WL

S1 Yes DL

S2 Yes DL+LL

S3 Yes DL+LLr

S4 Yes DL+SnL

S5 Yes DL+0.75LL

S6 Yes DL+0.75SnL

S7 Yes DL+0.75LLr

S8 Yes DL+0.75LL+0.75LLr

S9 Yes DL+0.75LL+0.75SnL

S10 Yes DL+WL

S11 Yes DL+0.75WL+0.75LL

S12 Yes DL+0.75WL+0.75SnL

S13 Yes DL+0.75WL+0.75LLr

S14 Yes DL+0.75WL+0.75LL+0.75LLr

S15 Yes DL+0.75WL+0.75LL+0.75SnL

S16 Yes 0.6DL+WL

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Distributed loads:

Consider self weight : DL

Story Condition Direction Magnitude Eccentricity

[Kip/ft] [ft]

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1 DL Vertical 1.13 0.17

2 DL Vertical 1.13 0.17

3 DL Vertical 1.20 0.17

1 LL Vertical 0.65 0.17

2 LL Vertical 0.65 0.17

Page2



3 LLr Vertical 0.26 0.17

3 SnL Vertical 0.65 0.17

1 WL Horizontal 0.04 0.00

2 WL Horizontal 0.04 0.00

3 WL Horizontal 0.04 0.00

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Out-of-plane loads:

Story Condition Magnitude

[Kip/ft2]

--------------------------------------------------------------------------------------------------------------------------------------------------------------

1 WL 0.03

2 WL 0.03

3 WL 0.03

--------------------------------------------------------------------------------------------------------------------------------------------------------------

BEARING WALL DESIGN:

Status : OK
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Geometry:

Segment X Coordinate Y Coordinate Width Height

[ft] [ft] [ft] [ft]

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1 0.00 0.00 4.66 1.67

2 4.66 0.00 6.00 1.67

3 10.66 0.00 4.67 1.67

4 0.00 1.67 4.66 5.33

5 10.66 1.67 4.67 5.33

6 0.00 7.00 4.66 3.00

7 4.66 7.00 6.00 3.00

8 10.66 7.00 4.67 3.00

9 0.00 10.00 4.66 1.67

10 4.66 10.00 6.00 1.67

11 10.66 10.00 4.67 1.67

12 0.00 11.67 4.66 5.33

13 10.66 11.67 4.67 5.33

14 0.00 17.00 4.66 3.00

15 4.66 17.00 6.00 3.00

16 10.66 17.00 4.67 3.00

17 0.00 20.00 4.66 1.67

18 4.66 20.00 6.00 1.67

19 10.66 20.00 4.67 1.67

20 0.00 21.67 4.66 5.33

21 10.66 21.67 4.67 5.33

22 0.00 27.00 4.66 3.00

23 4.66 27.00 6.00 3.00

24 10.66 27.00 4.67 3.00

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Vertical reinforcement:

Segment Bars Spacing Ld

[in] [in]

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1 1-#5 96.00 40.62

2 1-#5 96.00 40.62

3 1-#5 96.00 40.62

4 1-#5 96.00 40.62

5 1-#5 96.00 40.62

6 1-#5 96.00 40.62

7 1-#5 96.00 40.62

8 1-#5 96.00 40.62

9 1-#5 96.00 40.62

10 1-#5 96.00 40.62

11 1-#5 96.00 40.62

12 1-#5 96.00 40.62

13 1-#5 96.00 40.62

14 1-#5 96.00 40.62

15 1-#5 96.00 40.62

16 1-#5 96.00 40.62

17 1-#5 96.00 40.62

18 1-#5 96.00 40.62

19 1-#5 96.00 40.62

20 1-#5 96.00 40.62

21 1-#5 96.00 40.62

22 1-#5 96.00 40.62

23 1-#5 96.00 40.62

24 1-#5 96.00 40.62

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Results: Combined axial flexure
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Segment Condition P M Ma Ratio

[Kip] [Kip*ft] [Kip*ft]

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1 D16(Top) 14.26 -0.23 6.77 0.03

2 D16(Max) 2.40 -0.10 4.30 0.02

3 D16(Top) 16.01 -0.24 7.24 0.03

4 D16(Max) 14.48 -0.32 6.83 0.05

5 D16(Max) 16.31 -0.36 7.31 0.05

6 D16(Top) 8.07 1.04 5.11 0.20

7 D10(Top) 1.23 1.64 3.95 0.41

8 D16(Top) 9.75 1.05 5.57 0.19

9 D16(Bottom) 8.07 1.04 5.11 0.20

10 D10(Bottom) 1.23 1.64 3.95 0.41

11 D16(Bottom) 9.75 1.05 5.57 0.19

12 D11(Bottom) 16.32 0.56 7.31 0.08

13 D11(Bottom) 18.28 0.57 7.81 0.07

14 D16(Top) 7.10 0.59 4.84 0.12

15 D16(Top) 3.74 0.81 4.69 0.17

16 D16(Top) 8.02 0.58 5.10 0.11

17 D16(Bottom) 4.15 1.14 4.00 0.28

18 D10(Bottom) -0.27 1.70 3.51 0.48

19 D16(Bottom) 4.97 1.14 4.24 0.27

20 D16(Top) 5.20 -0.64 4.30 0.15

21 D16(Top) 5.65 -0.65 4.43 0.15

22 D4(Top) 8.32 -1.42 5.18 0.27

23 D4(Top) 11.21 -1.85 6.80 0.27

24 D4(Top) 8.44 -1.42 5.21 0.27

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Interaction diagrams, P vs. M:

Results: Axial compression
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Segment Condition P Pa Ratio

[Kip] [Kip]

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1 D9(Top) 30.46 81.67 0.37

2 D15(Bottom) 5.08 105.08 0.05

3 D15(Top) 33.07 81.79 0.40

4 D9(Max) 31.49 81.67 0.39

5 D15(Max) 33.74 81.79 0.41

6 D9(Bottom) 30.29 81.67 0.37

7 D2(Max) 9.39 105.08 0.09

8 D15(Bottom) 33.06 81.79 0.40

9 D9(Top) 18.65 81.67 0.23

10 D4(Max) 1.71 105.08 0.02

11 D15(Top) 20.54 81.79 0.25

12 D9(Top) 19.65 81.67 0.24

13 D15(Max) 21.84 81.79 0.27

14 D9(Bottom) 19.65 81.67 0.24

15 D2(Top) 8.71 105.08 0.08

16 D15(Bottom) 21.42 81.79 0.26

17 D4(Top) 11.03 81.67 0.14

18 D4(Top) 0.33 105.08 0.00

19 D4(Top) 11.72 81.79 0.14

20 D4(Top) 12.68 81.67 0.16

21 D4(Top) 12.99 81.79 0.16

22 D4(Bottom) 12.68 81.67 0.16

23 D4(Top) 11.21 105.08 0.11

24 D4(Bottom) 12.99 81.79 0.16

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Results: Axial tension

Segment Condition ft Fs Ratio

[Kip/in2] [Kip/in2]

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1 DM1(Top) 0.00 24.00 0.00

2 DM1(Top) 0.00 24.00 0.00

3 DM1(Top) 0.00 24.00 0.00

4 DM1(Top) 0.00 24.00 0.00

5 DM1(Top) 0.00 24.00 0.00

6 DM1(Top) 0.00 24.00 0.00

7 DM1(Top) 0.00 24.00 0.00

8 DM1(Top) 0.00 24.00 0.00

9 DM1(Top) 0.00 24.00 0.00

10 DM1(Top) 0.00 24.00 0.00

11 DM1(Top) 0.00 24.00 0.00

12 DM1(Top) 0.00 24.00 0.00

13 DM1(Top) 0.00 24.00 0.00

14 DM1(Top) 0.00 24.00 0.00

15 DM1(Top) 0.00 24.00 0.00

16 DM1(Top) 0.00 24.00 0.00

17 DM1(Top) 0.00 24.00 0.00

18 D2(Bottom) 2.76 24.00 0.11

19 DM1(Top) 0.00 24.00 0.00

20 DM1(Top) 0.00 24.00 0.00

21 DM1(Top) 0.00 24.00 0.00

22 DM1(Top) 0.00 24.00 0.00

23 DM1(Top) 0.00 24.00 0.00

24 DM1(Top) 0.00 24.00 0.00

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Results:Shear

Segment Condition fv Fv Ratio

[Kip/in2] [Kip/in2]

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1 D10(Max) 0.001 0.050 0.02

2 D10(Max) 0.001 0.050 0.01

3 D10(Max) 0.001 0.050 0.02

4 D2(Top) 0.001 0.050 0.02

5 D2(Top) 0.001 0.050 0.02

6 D15(Top) 0.004 0.050 0.08

7 D10(Top) 0.003 0.050 0.06

8 D15(Top) 0.004 0.050 0.09

9 D15(Max) 0.004 0.050 0.09

10 D10(Max) 0.003 0.050 0.06

11 D15(Max) 0.004 0.050 0.09

12 D15(Bottom) 0.003 0.050 0.05

13 D15(Bottom) 0.003 0.050 0.06

14 D16(Top) 0.002 0.050 0.05

15 D16(Top) 0.002 0.050 0.03

16 D2(Top) 0.002 0.050 0.04

17 D15(Max) 0.005 0.050 0.10

18 D10(Max) 0.003 0.050 0.07

19 D15(Max) 0.005 0.050 0.10

20 D15(Bottom) 0.003 0.050 0.06

21 D15(Bottom) 0.003 0.050 0.07

22 D4(Top) 0.004 0.050 0.08

23 D15(Max) 0.002 0.050 0.05

24 D4(Top) 0.004 0.050 0.08

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

SHEAR WALL DESIGN:

Status : OK
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Geometry:

Segment X Coordinate Y Coordinate Width Height

[ft] [ft] [ft] [ft]

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1 0.00 0.00 15.33 1.67

2 0.00 1.67 4.66 5.33

3 10.66 1.67 4.67 5.33

4 0.00 7.00 15.33 3.00

5 0.00 10.00 15.33 1.67

6 0.00 11.67 4.66 5.33

7 10.66 11.67 4.67 5.33

8 0.00 17.00 15.33 3.00

9 0.00 20.00 15.33 1.67

10 0.00 21.67 4.66 5.33

11 10.66 21.67 4.67 5.33

12 0.00 27.00 15.33 3.00

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Reinforcement:

Vertical reinforcement Horizontal reinforcement

Segment Bars Spacing Ld Bars Spacing Ld

[in] [in] [in] [in]

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1 1-#5 96.00 0.00 -- 0.00 0.00

1-#5 96.00 0.00 -- 0.00 0.00

1-#5 96.00 0.00 -- 0.00 0.00

2 1-#5 96.00 0.00 -- 0.00 0.00

3 1-#5 96.00 0.00 -- 0.00 0.00

4 1-#5 96.00 0.00 -- 0.00 0.00

1-#5 96.00 0.00 -- 0.00 0.00

1-#5 96.00 0.00 -- 0.00 0.00

5 1-#5 96.00 0.00 -- 0.00 0.00

1-#5 96.00 0.00 -- 0.00 0.00

1-#5 96.00 0.00 -- 0.00 0.00

6 1-#5 96.00 0.00 -- 0.00 0.00

7 1-#5 96.00 0.00 -- 0.00 0.00

8 1-#5 96.00 0.00 -- 0.00 0.00

1-#5 96.00 0.00 -- 0.00 0.00

1-#5 96.00 0.00 -- 0.00 0.00

9 1-#5 96.00 0.00 -- 0.00 0.00

1-#5 96.00 0.00 -- 0.00 0.00

1-#5 96.00 0.00 -- 0.00 0.00

10 1-#5 96.00 0.00 -- 0.00 0.00

11 1-#5 96.00 0.00 -- 0.00 0.00

12 1-#5 96.00 0.00 -- 0.00 0.00

1-#5 96.00 0.00 -- 0.00 0.00

1-#5 96.00 0.00 -- 0.00 0.00

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Results: Combined axial flexure

Segment Condition P M Ma Ratio

[Kip] [Kip*ft] [Kip*ft]

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1 D15(Max) 64.89 -18.42 585.53 0.03

2 D2(Bottom) 29.84 -5.87 88.13 0.07

3 D2(Bottom) 31.72 5.31 64.10 0.08

4 D16(Top) 30.66 -13.62 415.19 0.03

5 D15(Top) 38.52 -14.24 461.03 0.03

6 D2(Bottom) 18.32 -4.32 68.27 0.06

7 D11(Bottom) 19.10 4.28 40.72 0.11

8 D10(Top) 32.62 -10.47 426.71 0.02

9 D15(Top) 18.44 -7.21 343.26 0.02

10 D4(Bottom) 12.69 -9.88 57.55 0.17

11 D4(Bottom) 13.00 10.02 28.41 0.35

12 D10(Top) 19.27 -2.71 348.11 0.01

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Interaction diagrams, P vs. M:
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Results: Axial compression

Segment Condition P Pa Ratio

[Kip] [Kip]

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1 D15(Bottom) 65.40 325.09 0.20

2 D9(Max) 31.29 100.55 0.31

3 D15(Max) 34.06 100.66 0.34

4 D15(Top) 65.00 325.09 0.20

5 D9(Bottom) 39.51 325.09 0.12

6 D9(Max) 19.96 100.55 0.20

7 D15(Max) 21.84 100.66 0.22

8 D9(Bottom) 42.44 325.09 0.13

9 D4(Bottom) 22.82 325.09 0.07

10 D4(Max) 12.96 100.55 0.13

11 D4(Max) 13.37 100.66 0.13

12 D4(Bottom) 27.96 325.09 0.09

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Results: Axial tension

Segment Condition ft Fs Ratio

[Kip/in2] [Kip/in2]

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1 DM1(Top) 0.00 24.00 0.00

2 DM1(Top) 0.00 24.00 0.00

3 DM1(Top) 0.00 24.00 0.00

4 DM1(Top) 0.00 24.00 0.00

5 DM1(Top) 0.00 24.00 0.00

6 DM1(Top) 0.00 24.00 0.00

7 DM1(Top) 0.00 24.00 0.00

8 DM1(Top) 0.00 24.00 0.00

9 DM1(Top) 0.00 24.00 0.00

10 DM1(Top) 0.00 24.00 0.00

11 DM1(Top) 0.00 24.00 0.00

12 DM1(Top) 0.00 24.00 0.00

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Results: Shear

Segment Condition fv Fv Ratio

[Kip/in2] [Kip/in2]

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1 D15(Max) 0.003 0.042 0.06

2 D2(Bottom) 0.012 0.046 0.26

3 D15(Bottom) 0.015 0.057 0.26

4 D15(Top) 0.002 0.035 0.06

5 D10(Top) 0.002 0.046 0.04

6 D2(Bottom) 0.017 0.060 0.29

7 D15(Bottom) 0.018 0.061 0.30

8 D15(Top) 0.001 0.037 0.04

9 D15(Max) 0.001 0.035 0.02

10 D4(Bottom) 0.025 0.052 0.47

11 D4(Bottom) 0.025 0.052 0.48

12 D10(Max) 0.001 0.063 0.02

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

LINTEL DESIGN:

Status : OK
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Geometry:

Lintel X Coordinate Y Coordinate Length Depth

[ft] [ft] [ft] [in]

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1 4.66 1.67 6.00 23.63

2 4.66 11.67 6.00 23.63

3 4.67 21.67 6.00 23.63

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Reinforcement:

Top long. reinforcement Bottom long. reinforcementTransverse reinforcement

Lintel Bars Extent Bars Extent Bars Spacing Ld

[in] [in] [in] [in]

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1 -- 0.00 1-#5 40.62 #5 24.00 40.62

2 -- 0.00 1-#5 40.62 #5 24.00 40.62

3 -- 0.00 1-#5 40.62 #5 24.00 40.62

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Results: Bending

Lintel Condition M Ma Ratio

[Kip*ft] [Kip*ft]

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1 D2 7.25 12.65 0.57

2 D2 6.63 12.65 0.52

3 D4 8.83 12.65 0.70

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Results: Shear

Lintel Condition fv Fv Ratio

[Kip/in2] [Kip/in2]

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1 D15 0.031 0.150 0.21

2 D15 0.027 0.150 0.18

3 D4 0.032 0.150 0.22

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Results: Deflection

Lintel Condition δ δa Ratio

[in] [in]

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1 S2 0.02 0.12 0.13

2 S2 0.01 0.12 0.12

3 S4 0.02 0.12 0.16

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Notes:

* P = Axial load

* Pa = Allowable compressive force due to axial load.

* M = Moment at the section under consideration.

* Ma = Maximum moment in member due to the applied loading

* fa = Calculated compressive stress due to axial load only

* fb = Calculated compressive stress due to axial flexure only

* ft = Calculated axial tension

* Fa = Allowable compressive stress due to axial load only

* Fb = Allowable compressive stress due to axial flexure only

* fv = Calculated shear stress

* Fs = Allowable tensile or compressive stress

* Fv = Allowable shear stress

* ld = Embedment length

* As = Effective cross sectional area of reinforcement

* δ = Calculated deflection

* δa= Allowable deflection
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Quantity
Marked Up Marked Up
Mat. Cost Lay-Cost Amount

Wall 

LengthHeight Qty Opn OddAdj Shape

Classification AIR Air Deduction
T AIR Air Dedcution @ Odd Coure / SqFt       $0.000 Show as SqFtSqFt
1 Ext Bearing         387 SqFt         $0.00         $0.00     386.522 Opn Odd Adj Rect 598'  8"  10'  8"    1
1 Ext Non-Bearing          59 SqFt         $0.00         $0.00      58.667 Opn Odd Adj Rect  94'  8"  10'  8"    1
1 Ext Stairs          56 SqFt         $0.00         $0.00      55.500 Odd Adj Rect  90'  0"  10'  8"    1
1 Precast Plank (2nd Flr)           0 SqFt         $0.00         $0.00       0.007 Adj Rect   0'  1"   0'  1"    1
2 Precast Plank (3rd Flr)           0 SqFt         $0.00         $0.00       0.007 Adj Rect   0'  1"   0'  1"    1
3 Precast Plank (Roof)           0 SqFt         $0.00         $0.00       0.007 Adj Rect   0'  1"   0'  1"    1

Material [AIR] Totals         501 SqFt         $0.00         $0.00     500.710

Classification ANC WALL ANCHORS
DECKANGLE 4"x4"x12" Mill Galv 12ga / Each       $4.000 Show as EachEach

1 Int Flr1 6" Partitions 1hr         138 Each       $585.12     $1,023.98     138.000 Rect 548'  0"   9'  4"    1
2 Int Flr2 6" Partitions 1hr         130 Each       $551.20       $964.62     130.000 Opn Rect 518'  8"   9'  4"    1
3 Int Flr3 6" Partitions 1hr         130 Each       $551.20       $964.62     130.000 Opn Rect 519'  4"   9'  4"    1

Material [DECKANGLE] Totals         398 Each     $1,687.52     $2,953.23     398.000

STNANC S.S. stone anchor / Each       $0.000 Show as EachEach
3 Ext Bearing         290 Each         $0.00         $0.00     289.938 Opn Odd Adj Rect 581'  4"  11'  4"    1
3 Ext Non-Bearing          48 Each         $0.00         $0.00      47.667 Opn Odd Adj Rect  95'  4"  11'  4"    1
3 Ext Stairs          44 Each         $0.00         $0.00      44.146 Odd Adj Rect  92'  8"  11'  4"    1

Material [STNANC] Totals         382 Each         $0.00         $0.00     381.750

Class Totals WALL ANCHORS         780 Each     $1,687.52     $2,953.23     779.750

Classification AVB Air-Vapor Barrier Material
B.O.WALL Termination Air Barrier / SqFt       $0.200 Show as SqFtSqFt

1 Ext Bearing         594 SqFt       $125.93         $0.00     594.000 Opn Odd Adj Rect 598'  8"  10'  8"    1
1 Ext Non-Bearing          95 SqFt        $20.14         $0.00      95.000 Opn Odd Adj Rect  94'  8"  10'  8"    1
1 Ext Stairs          90 SqFt        $19.08         $0.00      90.000 Odd Adj Rect  90'  0"  10'  8"    1
2 Ext Bearing         582 SqFt       $123.38         $0.00     582.000 Opn Odd Adj Rect 581'  4"  10'  0"    1
2 Ext Non-Bearing          96 SqFt        $20.35         $0.00      96.000 Opn Odd Adj Rect  95'  4"  10'  0"    1
2 Ext Stairs          93 SqFt        $19.72         $0.00      93.000 Odd Adj Rect  92'  8"  10'  0"    1
3 Ext Bearing         582 SqFt       $123.38         $0.00     582.000 Opn Odd Adj Rect 581'  4"  11'  4"    1
3 Ext Non-Bearing          96 SqFt        $20.35         $0.00      96.000 Opn Odd Adj Rect  95'  4"  11'  4"    1
3 Ext Stairs          93 SqFt        $19.72         $0.00      93.000 Odd Adj Rect  92'  8"  11'  4"    1

Material [B.O.WALL] Totals       2,321 SqFt       $492.05         $0.00   2,321.000

CJ/CORNER Termination Air Barrier / SqFt       $0.200 Show as SqFtSqFt
1 Ext Bearing         149 SqFt        $31.66         $0.00     149.324 Opn Odd Adj Rect 598'  8"  10'  8"    1
1 Ext Non-Bearing          64 SqFt        $13.57         $0.00      63.996 Opn Odd Adj Rect  94'  8"  10'  8"    1
1 Ext Stairs          96 SqFt        $20.35         $0.00      95.994 Odd Adj Rect  90'  0"  10'  8"    1
2 Ext Bearing         100 SqFt        $21.20         $0.00     100.000 Opn Odd Adj Rect 581'  4"  10'  0"    1
2 Ext Non-Bearing          60 SqFt        $12.72         $0.00      60.000 Opn Odd Adj Rect  95'  4"  10'  0"    1
2 Ext Stairs          90 SqFt        $19.08         $0.00      90.000 Odd Adj Rect  92'  8"  10'  0"    1
3 Ext Bearing         100 SqFt        $21.20         $0.00     100.000 Opn Odd Adj Rect 581'  4"  11'  4"    1

Kelly L. Walker
Reprinted with permission from Davenport Masonry Inc.



Report Run
 7/ 2/10  9:24 AM 2 of 18     Quantity/Bid Price Report

100 Room Dormitory Prevailing Wage

AVB Continued Quantity
Marked Up Marked Up
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LengthHeight Qty Opn OddAdj Shape

3 Ext Non-Bearing          60 SqFt        $12.72         $0.00      60.000 Opn Odd Adj Rect  95'  4"  11'  4"    1
3 Ext Stairs          90 SqFt        $19.08         $0.00      90.000 Odd Adj Rect  92'  8"  11'  4"    1

Material [CJ/CORNER] Totals         809 SqFt       $171.57         $0.00     809.314

PLANKEND Termination Air Barrier / SqFt       $0.200 Show as SqFtSqFt
1 Ext Bearing         594 SqFt       $125.93         $0.00     594.000 Opn Odd Adj Rect 598'  8"  10'  8"    1
2 Ext Bearing         582 SqFt       $123.38         $0.00     582.000 Opn Odd Adj Rect 581'  4"  10'  0"    1
3 Ext Bearing         582 SqFt       $123.38         $0.00     582.000 Opn Odd Adj Rect 581'  4"  11'  4"    1

Material [PLANKEND] Totals       1,758 SqFt       $372.70         $0.00   1,758.000

T.O.WALL Termination Air Barrier / SqFt       $0.200 Show as SqFtSqFt
3 Ext Bearing         582 SqFt       $123.38         $0.00     582.000 Opn Odd Adj Rect 581'  4"  11'  4"    1

WIN/DOOR Termination Air Barrier / SqFt       $0.200 Show as SqFtSqFt
1 Ext Bearing         843 SqFt       $178.72         $0.00     843.000 Opn Odd Adj Rect 598'  8"  10'  8"    1
1 Ext Non-Bearing          86 SqFt        $18.23         $0.00      86.000 Opn Odd Adj Rect  94'  8"  10'  8"    1
2 Ext Bearing         805 SqFt       $170.66         $0.00     805.000 Opn Odd Adj Rect 581'  4"  10'  0"    1
2 Ext Non-Bearing          34 SqFt         $7.21         $0.00      34.000 Opn Odd Adj Rect  95'  4"  10'  0"    1
3 Ext Bearing         805 SqFt       $170.66         $0.00     805.000 Opn Odd Adj Rect 581'  4"  11'  4"    1
3 Ext Non-Bearing          34 SqFt         $7.21         $0.00      34.000 Opn Odd Adj Rect  95'  4"  11'  4"    1

Material [WIN/DOOR] Totals       2,607 SqFt       $552.68         $0.00   2,607.000

Class Totals Air-Vapor Barrier Material       8,077 SqFt     $1,712.39         $0.00   8,077.314

Classification BRI BRICKS
JAMBRET Modular / SqFt       $0.600  3.00% waste 6.752    Pieces per SqFtPiece

1 Ext Bearing       1,836 Pieces     $1,167.64     $2,311.78     264.000 Opn Odd Adj Rect 598'  8"  10'  8"    1
1 Ext Non-Bearing         235 Pieces       $149.40       $295.78      33.778 Opn Odd Adj Rect  94'  8"  10'  8"    1
2 Ext Bearing       1,731 Pieces     $1,100.81     $2,179.46     248.889 Opn Odd Adj Rect 581'  4"  10'  0"    1
2 Ext Non-Bearing          99 Pieces        $62.90       $124.54      14.222 Opn Odd Adj Rect  95'  4"  10'  0"    1
3 Ext Bearing       1,731 Pieces     $1,100.81     $2,179.46     248.889 Opn Odd Adj Rect 581'  4"  11'  4"    1
3 Ext Non-Bearing          99 Pieces        $62.90       $124.54      14.222 Opn Odd Adj Rect  95'  4"  11'  4"    1

Material [JAMBRET] Totals       5,730 Pieces     $3,644.47     $7,215.56     824.000

MOD HALF Modular Half / SqFt       $0.300  3.00% waste 13.688   Pieces per SqFtPiece
1 Ext Bearing       2,256 Pieces       $717.47     $1,603.77     160.026 Opn Odd Adj Rect 598'  8"  10'  8"    1
1 Ext Non-Bearing         343 Pieces       $109.23       $244.16      24.362 Opn Odd Adj Rect  94'  8"  10'  8"    1
1 Ext Stairs         286 Pieces        $90.93       $203.25      20.281 Odd Adj Rect  90'  0"  10'  8"    1
2 Ext Bearing       2,035 Pieces       $647.00     $1,446.27     144.309 Opn Odd Adj Rect 581'  4"  10'  0"    1
2 Ext Non-Bearing         261 Pieces        $83.01       $185.55      18.515 Opn Odd Adj Rect  95'  4"  10'  0"    1
2 Ext Stairs         264 Pieces        $83.88       $187.50      18.709 Odd Adj Rect  92'  8"  10'  0"    1
3 Ext Bearing       2,209 Pieces       $702.35     $1,569.99     156.654 Opn Odd Adj Rect 581'  4"  11'  4"    1
3 Ext Non-Bearing         335 Pieces       $106.68       $238.46      23.793 Opn Odd Adj Rect  95'  4"  11'  4"    1
3 Ext Stairs         357 Pieces       $113.44       $253.58      25.303 Odd Adj Rect  92'  8"  11'  4"    1

Material [MOD HALF] Totals       8,346 Pieces     $2,653.98     $5,932.52     591.951

MOD+20 Modular +20 / SqFt       $0.600  3.00% waste 6.752    Pieces per SqFtPiece
1 Ext Bearing      30,529 Pieces    $19,416.27    $20,699.34   4,389.945 Opn Odd Adj Rect 598'  8"  10'  8"    1
1 Ext Non-Bearing       4,496 Pieces     $2,859.52     $3,048.48     646.527 Opn Odd Adj Rect  94'  8"  10'  8"    1
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2 Ext Bearing      27,235 Pieces    $17,321.27    $18,465.90   3,916.274 Opn Odd Adj Rect 581'  4"  10'  0"    1
2 Ext Non-Bearing       4,676 Pieces     $2,974.09     $3,170.62     672.430 Opn Odd Adj Rect  95'  4"  10'  0"    1
2 Ext Stairs       4,704 Pieces     $2,991.78     $3,189.48     676.430 Odd Adj Rect  92'  8"  10'  0"    1
3 Ext Bearing      32,536 Pieces    $20,692.94    $22,060.37   4,678.596 Opn Odd Adj Rect 581'  4"  11'  4"    1
3 Ext Non-Bearing       6,407 Pieces     $4,075.14     $4,344.43     921.373 Opn Odd Adj Rect  95'  4"  11'  4"    1
3 Ext Stairs       6,358 Pieces     $4,043.77     $4,310.99     914.281 Odd Adj Rect  92'  8"  11'  4"    1

Material [MOD+20] Totals     116,941 Pieces    $74,374.78    $79,289.62  16,815.856

MOD-20 Modular -20 / SqFt       $0.600  3.00% waste 6.752    Pieces per SqFtPiece
1 Ext Stairs       4,965 Pieces     $3,157.81     $3,978.58     713.970 Odd Adj Rect  90'  0"  10'  8"    1

SOLDIER Modular / SqFt       $0.600  3.00% waste 6.767    Pieces per SqFtPiece
1 Ext Bearing       2,782 Pieces     $1,769.26     $3,502.90     399.123 Opn Odd Adj Rect 598'  8"  10'  8"    1
1 Ext Non-Bearing       1,320 Pieces       $839.29     $1,661.68     189.333 Opn Odd Adj Rect  94'  8"  10'  8"    1
1 Ext Stairs       1,241 Pieces       $789.05     $1,562.22     178.000 Odd Adj Rect  90'  0"  10'  8"    1
2 Ext Bearing       2,700 Pieces     $1,717.00     $3,399.43     387.333 Opn Odd Adj Rect 581'  4"  10'  0"    1
2 Ext Non-Bearing       1,329 Pieces       $845.20     $1,673.39     190.667 Opn Odd Adj Rect  95'  4"  10'  0"    1
2 Ext Stairs       1,278 Pieces       $812.69     $1,609.02     183.333 Odd Adj Rect  92'  8"  10'  0"    1
3 Ext Bearing       2,700 Pieces     $1,717.00     $3,399.43     387.333 Opn Odd Adj Rect 581'  4"  11'  4"    1
3 Ext Non-Bearing         443 Pieces       $281.73       $557.80      63.556 Opn Odd Adj Rect  95'  4"  11'  4"    1
3 Ext Stairs         426 Pieces       $270.90       $536.34      61.111 Odd Adj Rect  92'  8"  11'  4"    1

Material [SOLDIER] Totals      14,217 Pieces     $9,042.13    $17,902.20   2,039.789

Class Totals BRICKS     150,200 Pieces    $92,873.16   $114,318.47  20,985.566

Classification CK Caulk
EXT CJ/EJ Exteior EJ/CJ / LinFt       $2.000  2.00% waste Show as LinFtLinFt

1 Ext Bearing         250 LinFt       $530.51         $0.00     245.333 Opn Odd Adj Rect 598'  8"  10'  8"    1
1 Ext Non-Bearing          33 LinFt        $69.20         $0.00      32.000 Opn Odd Adj Rect  94'  8"  10'  8"    1
1 Ext Stairs          33 LinFt        $69.20         $0.00      32.000 Odd Adj Rect  90'  0"  10'  8"    1
2 Ext Bearing         235 LinFt       $497.35         $0.00     230.000 Opn Odd Adj Rect 581'  4"  10'  0"    1
2 Ext Non-Bearing          31 LinFt        $64.87         $0.00      30.000 Opn Odd Adj Rect  95'  4"  10'  0"    1
2 Ext Stairs          31 LinFt        $64.87         $0.00      30.000 Odd Adj Rect  92'  8"  10'  0"    1
3 Ext Bearing         266 LinFt       $563.67         $0.00     260.667 Opn Odd Adj Rect 581'  4"  11'  4"    1
3 Ext Non-Bearing          35 LinFt        $73.52         $0.00      34.000 Opn Odd Adj Rect  95'  4"  11'  4"    1
3 Ext Stairs          35 LinFt        $73.52         $0.00      34.000 Odd Adj Rect  92'  8"  11'  4"    1

Material [EXT CJ/EJ] Totals         947 LinFt     $2,006.71         $0.00     928.000

EXT STONE Caulk Stone Joints / LinFt       $2.000  2.00% waste Show as LinFtLinFt
3 Ext Bearing         591 LinFt     $1,253.92         $0.00     579.875 Opn Odd Adj Rect 581'  4"  11'  4"    1
3 Ext Non-Bearing          97 LinFt       $206.15         $0.00      95.333 Opn Odd Adj Rect  95'  4"  11'  4"    1
3 Ext Stairs          90 LinFt       $190.92         $0.00      88.292 Odd Adj Rect  92'  8"  11'  4"    1

Material [EXT STONE] Totals         779 LinFt     $1,650.99         $0.00     763.500

INT CJ/EJ Inteior EJ/CJ / LinFt       $2.000  2.00% waste Show as LinFtLinFt
1 Ext Bearing         250 LinFt       $530.51         $0.00     245.333 Opn Odd Adj Rect 598'  8"  10'  8"    1
1 Ext Non-Bearing          33 LinFt        $69.20         $0.00      32.000 Opn Odd Adj Rect  94'  8"  10'  8"    1
1 Ext Stairs          33 LinFt        $69.20         $0.00      32.000 Odd Adj Rect  90'  0"  10'  8"    1
1 Int Flr1 6" Partitions 1hr         724 LinFt     $1,533.86         $0.00     709.333 Rect 548'  0"   9'  4"    1
1 Int Flr1 Corridor         609 LinFt     $1,291.67         $0.00     597.333 Opn Odd Adj Rect 646'  0"   9'  4"    1
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1 Int Flr1 Shear Walls         653 LinFt     $1,383.94         $0.00     640.000 Odd Rect 420'  8"  10'  0"    1
2 Ext Bearing         235 LinFt       $497.35         $0.00     230.000 Opn Odd Adj Rect 581'  4"  10'  0"    1
2 Ext Non-Bearing          31 LinFt        $64.87         $0.00      30.000 Opn Odd Adj Rect  95'  4"  10'  0"    1
2 Ext Stairs          31 LinFt        $64.87         $0.00      30.000 Odd Adj Rect  92'  8"  10'  0"    1
2 Int Flr2 6" Partitions 1hr         762 LinFt     $1,614.59         $0.00     746.667 Opn Rect 518'  8"   9'  4"    1
2 Int Flr2 Corridor         590 LinFt     $1,251.31         $0.00     578.667 Opn Odd Adj Rect 632'  8"   9'  4"    1
2 Int Flr2 Shear Walls         694 LinFt     $1,470.43         $0.00     680.000 Odd Rect 453'  4"  10'  0"    1
3 Ext Bearing         266 LinFt       $563.67         $0.00     260.667 Opn Odd Adj Rect 581'  4"  11'  4"    1
3 Ext Non-Bearing          35 LinFt        $73.52         $0.00      34.000 Opn Odd Adj Rect  95'  4"  11'  4"    1
3 Ext Stairs          35 LinFt        $73.52         $0.00      34.000 Odd Adj Rect  92'  8"  11'  4"    1
3 Int Flr3 6" Partitions 1hr         762 LinFt     $1,614.59         $0.00     746.667 Opn Rect 519'  4"   9'  4"    1
3 Int Flr3 Corridor         590 LinFt     $1,251.31         $0.00     578.667 Opn Odd Adj Rect 632'  8"   9'  4"    1
3 Int Flr3 Shear Walls         694 LinFt     $1,470.43         $0.00     680.000 Odd Rect 453'  4"  10'  0"    1

Material [INT CJ/EJ] Totals       7,023 LinFt    $14,888.84         $0.00   6,885.333

Class Totals Caulk       8,748 LinFt    $18,546.54         $0.00   8,576.833

Classification CMU C.M.U.
...08 FDN 8x8x16 HW Foundation / SqFt       $0.770  1.00% waste 1.125    Pieces per SqFtPiece

FDN Ext FDN         590 Pieces       $481.77     $1,409.35     519.481 Rect 782'  8"   0'  8"    1
FDN Int FDN         786 Pieces       $641.42     $1,876.38     691.625 Rect1043'  4"   0'  8"    1

Material [...08 FDN] Totals       1,376 Pieces     $1,123.19     $3,285.73   1,211.106

..04PLANK 4x8x16 MW / SqFt       $0.670  1.00% waste 1.125    Pieces per SqFtPiece
1 Ext Bearing         454 Pieces       $322.12     $1,604.40     399.177 Opn Odd Adj Rect 598'  8"  10'  8"    1
1 Int Flr1 Stairs/Elev.          93 Pieces        $66.35       $330.47      82.222 Opn Odd Rect 126'  0"  10'  0"    1
2 Ext Bearing         439 Pieces       $311.71     $1,552.55     386.278 Opn Odd Adj Rect 581'  4"  10'  0"    1
2 Int Flr2 Stairs/Elev.          93 Pieces        $66.35       $330.47      82.222 Opn Odd Rect 126'  0"  10'  0"    1
3 Ext Bearing         439 Pieces       $311.71     $1,552.55     386.278 Opn Odd Adj Rect 581'  4"  11'  4"    1
3 Int Flr3 Stairs/Elev.          93 Pieces        $66.35       $330.47      82.222 Opn Odd Rect 126'  0"  10'  0"    1

Material [..04PLANK] Totals       1,612 Pieces     $1,144.60     $5,700.92   1,418.399

..06+20 6x8x16 MW / SqFt       $0.750  1.00% waste 1.125    Pieces per SqFtPiece
1 Int Flr1 6" Partitions 1hr       5,548 Pieces     $4,410.81    $15,585.03   4,882.889 Rect 548'  0"   9'  4"    1
2 Int Flr2 6" Partitions 1hr       5,179 Pieces     $4,116.93    $14,546.65   4,557.556 Opn Rect 518'  8"   9'  4"    1
3 Int Flr3 6" Partitions 1hr       5,186 Pieces     $4,122.55    $14,566.51   4,563.778 Opn Rect 519'  4"   9'  4"    1

Material [..06+20] Totals      15,912 Pieces    $12,650.28    $44,698.18  14,004.222

..06BBLIN 6x8x16 BB Lintel MW / SqFt       $1.090  1.00% waste 1.125    Pieces per SqFtPiece
2 Int Flr2 6" Partitions 1hr           4 Pieces         $4.08         $9.93       3.111 Opn Rect 518'  8"   9'  4"    1
3 Int Flr3 6" Partitions 1hr           4 Pieces         $4.08         $9.93       3.111 Opn Rect 519'  4"   9'  4"    1

Material [..06BBLIN] Totals           7 Pieces         $8.17        $19.86       6.222

..06H 6x8x8 Half  MW / SqFt       $0.750  1.00% waste 2.250    Pieces per SqFtPiece
1 Int Flr1 6" Partitions 1hr         537 Pieces       $427.17     $1,509.35     236.444 Rect 548'  0"   9'  4"    1
2 Int Flr2 6" Partitions 1hr         576 Pieces       $457.68     $1,617.16     253.333 Opn Rect 518'  8"   9'  4"    1
3 Int Flr3 6" Partitions 1hr         576 Pieces       $457.68     $1,617.16     253.333 Opn Rect 519'  4"   9'  4"    1

Material [..06H] Totals       1,689 Pieces     $1,342.53     $4,743.67     743.111
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..08 BU 8x8x16 MW / SqFt       $0.870  1.00% waste 1.125    Pieces per SqFtPiece
1 Ext Bearing       3,563 Pieces     $3,285.95     $8,300.19   3,135.898 Opn Odd Adj Rect 598'  8"  10'  8"    1
1 Ext Non-Bearing         756 Pieces       $697.64     $1,762.20     665.778 Opn Odd Adj Rect  94'  8"  10'  8"    1
1 Ext Stairs         830 Pieces       $765.28     $1,933.07     730.333 Odd Adj Rect  90'  0"  10'  8"    1
2 Ext Bearing       3,471 Pieces     $3,200.89     $8,085.33   3,054.722 Opn Odd Adj Rect 581'  4"  10'  0"    1
2 Ext Non-Bearing         897 Pieces       $827.10     $2,089.23     789.333 Opn Odd Adj Rect  95'  4"  10'  0"    1
2 Ext Stairs         858 Pieces       $791.36     $1,998.94     755.222 Odd Adj Rect  92'  8"  10'  0"    1
3 Ext Bearing       3,893 Pieces     $3,590.05     $9,068.33   3,426.111 Opn Odd Adj Rect 581'  4"  11'  4"    1
3 Ext Non-Bearing         968 Pieces       $892.30     $2,253.92     851.556 Opn Odd Adj Rect  95'  4"  11'  4"    1
3 Ext Stairs         922 Pieces       $849.98     $2,147.02     811.167 Odd Adj Rect  92'  8"  11'  4"    1

Material [..08 BU] Totals      16,158 Pieces    $14,900.55    $37,638.23  14,220.121

..08+20.. 8x8x16 MW / SqFt       $0.870  1.00% waste 1.125    Pieces per SqFtPiece
1 Int Flr1 Shear Walls       4,235 Pieces     $3,905.45    $11,896.06   3,727.111 Odd Rect 420'  8"  10'  0"    1
2 Int Flr2 Shear Walls       4,567 Pieces     $4,211.89    $12,829.48   4,019.556 Odd Rect 453'  4"  10'  0"    1
3 Int Flr3 Shear Walls       4,567 Pieces     $4,211.89    $12,829.48   4,019.556 Odd Rect 453'  4"  10'  0"    1

Material [..08+20..] Totals      13,369 Pieces    $12,329.23    $37,555.01  11,766.222

..08+30 8x8x16 MW / SqFt       $0.870  1.00% waste 1.125    Pieces per SqFtPiece
1 Int Flr1 Corridor       4,273 Pieces     $3,940.34    $11,029.18   3,760.409 Opn Odd Adj Rect 646'  0"   9'  4"    1
2 Int Flr2 Corridor       4,171 Pieces     $3,846.77    $10,767.27   3,671.111 Opn Odd Adj Rect 632'  8"   9'  4"    1
3 Int Flr3 Corridor       4,171 Pieces     $3,846.77    $10,767.27   3,671.111 Opn Odd Adj Rect 632'  8"   9'  4"    1

Material [..08+30] Totals      12,615 Pieces    $11,633.89    $32,563.72  11,102.631

..08-20 8x8x16 MW / SqFt       $0.870  1.00% waste 1.125    Pieces per SqFtPiece
1 Int Flr1 Stairs/Elev.         940 Pieces       $866.69     $2,804.94     827.111 Opn Odd Rect 126'  0"  10'  0"    1
2 Int Flr2 Stairs/Elev.         940 Pieces       $866.69     $2,804.94     827.111 Opn Odd Rect 126'  0"  10'  0"    1
3 Int Flr3 Stairs/Elev.         940 Pieces       $866.69     $2,804.94     827.111 Opn Odd Rect 126'  0"  10'  0"    1

Material [..08-20] Totals       2,819 Pieces     $2,600.06     $8,414.82   2,481.333

..08BB 8x8x16 BB MW / SqFt       $1.090  1.00% waste 1.125    Pieces per SqFtPiece
1 Ext Bearing         454 Pieces       $524.06     $1,274.12     399.189 Opn Odd Adj Rect 598'  8"  10'  8"    1
1 Ext Non-Bearing          72 Pieces        $82.85       $201.44      63.111 Opn Odd Adj Rect  94'  8"  10'  8"    1
1 Ext Stairs          63 Pieces        $72.86       $177.14      55.500 Odd Adj Rect  90'  0"  10'  8"    1
1 Int Flr1 Corridor         488 Pieces       $564.33     $1,372.01     429.861 Opn Odd Adj Rect 646'  0"   9'  4"    1
1 Int Flr1 Shear Walls         319 Pieces       $368.17       $895.11     280.444 Odd Rect 420'  8"  10'  0"    1
1 Int Flr1 Stairs/Elev.          91 Pieces       $105.61       $256.76      80.444 Opn Odd Rect 126'  0"  10'  0"    1
2 Ext Bearing         439 Pieces       $506.82     $1,232.20     386.056 Opn Odd Adj Rect 581'  4"  10'  0"    1
2 Ext Non-Bearing          72 Pieces        $83.44       $202.85      63.556 Opn Odd Adj Rect  95'  4"  10'  0"    1
2 Ext Stairs          65 Pieces        $75.20       $182.82      57.278 Odd Adj Rect  92'  8"  10'  0"    1
2 Int Flr2 Corridor         479 Pieces       $553.72     $1,346.22     421.778 Opn Odd Adj Rect 632'  8"   9'  4"    1
2 Int Flr2 Shear Walls         343 Pieces       $396.76       $964.62     302.222 Odd Rect 453'  4"  10'  0"    1
2 Int Flr2 Stairs/Elev.          91 Pieces       $105.61       $256.76      80.444 Opn Odd Rect 126'  0"  10'  0"    1
3 Ext Bearing         877 Pieces     $1,013.65     $2,464.40     772.111 Opn Odd Adj Rect 581'  4"  11'  4"    1
3 Ext Non-Bearing         144 Pieces       $166.87       $405.71     127.111 Opn Odd Adj Rect  95'  4"  11'  4"    1
3 Ext Stairs         130 Pieces       $150.39       $365.63     114.556 Odd Adj Rect  92'  8"  11'  4"    1
3 Int Flr3 Corridor         479 Pieces       $553.72     $1,346.22     421.778 Opn Odd Adj Rect 632'  8"   9'  4"    1
3 Int Flr3 Shear Walls         343 Pieces       $396.76       $964.62     302.222 Odd Rect 453'  4"  10'  0"    1
3 Int Flr3 Stairs/Elev.          91 Pieces       $105.61       $256.76      80.444 Opn Odd Rect 126'  0"  10'  0"    1

Material [..08BB] Totals       5,043 Pieces     $5,826.45    $14,165.39   4,438.105
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..08BBLIN 8x8x16 BB Lintel MW / SqFt       $1.090  1.00% waste 1.125    Pieces per SqFtPiece
1 Ext Bearing         201 Pieces       $231.93       $563.88     176.667 Opn Odd Adj Rect 598'  8"  10'  8"    1
1 Ext Non-Bearing          18 Pieces        $21.01        $51.07      16.000 Opn Odd Adj Rect  94'  8"  10'  8"    1
1 Int Flr1 Corridor         147 Pieces       $170.08       $413.51     129.556 Opn Odd Adj Rect 646'  0"   9'  4"    1
1 Int Flr1 Stairs/Elev.          14 Pieces        $16.34        $39.72      12.444 Opn Odd Rect 126'  0"  10'  0"    1
2 Ext Bearing         194 Pieces       $224.64       $546.15     171.111 Opn Odd Adj Rect 581'  4"  10'  0"    1
2 Ext Non-Bearing           7 Pieces         $7.59        $18.44       5.778 Opn Odd Adj Rect  95'  4"  10'  0"    1
2 Int Flr2 Corridor         148 Pieces       $171.54       $417.06     130.667 Opn Odd Adj Rect 632'  8"   9'  4"    1
2 Int Flr2 Stairs/Elev.          14 Pieces        $16.34        $39.72      12.444 Opn Odd Rect 126'  0"  10'  0"    1
3 Ext Bearing         194 Pieces       $224.64       $546.15     171.111 Opn Odd Adj Rect 581'  4"  11'  4"    1
3 Ext Non-Bearing           7 Pieces         $7.59        $18.44       5.778 Opn Odd Adj Rect  95'  4"  11'  4"    1
3 Int Flr3 Corridor         148 Pieces       $171.54       $417.06     130.667 Opn Odd Adj Rect 632'  8"   9'  4"    1
3 Int Flr3 Stairs/Elev.          14 Pieces        $16.34        $39.72      12.444 Opn Odd Rect 126'  0"  10'  0"    1

Material [..08BBLIN] Totals       1,107 Pieces     $1,279.57     $3,110.91     974.667

..08BN 8x8x16 BN MW / SqFt       $1.090  1.00% waste 1.125    Pieces per SqFtPiece
1 Ext Bearing         297 Pieces       $343.08       $834.11     261.333 Opn Odd Adj Rect 598'  8"  10'  8"    1
1 Ext Non-Bearing          36 Pieces        $42.01       $102.14      32.000 Opn Odd Adj Rect  94'  8"  10'  8"    1
1 Int Flr1 Corridor         442 Pieces       $511.13     $1,242.66     389.333 Opn Odd Adj Rect 646'  0"   9'  4"    1
1 Int Flr1 Stairs/Elev.          55 Pieces        $63.02       $153.20      48.000 Opn Odd Rect 126'  0"  10'  0"    1
2 Ext Bearing         283 Pieces       $326.75       $794.39     248.889 Opn Odd Adj Rect 581'  4"  10'  0"    1
2 Ext Non-Bearing          16 Pieces        $18.67        $45.39      14.222 Opn Odd Adj Rect  95'  4"  10'  0"    1
2 Int Flr2 Corridor         431 Pieces       $498.29     $1,211.45     379.556 Opn Odd Adj Rect 632'  8"   9'  4"    1
2 Int Flr2 Stairs/Elev.          55 Pieces        $63.02       $153.20      48.000 Opn Odd Rect 126'  0"  10'  0"    1
3 Ext Bearing         283 Pieces       $326.75       $794.39     248.889 Opn Odd Adj Rect 581'  4"  11'  4"    1
3 Ext Non-Bearing          16 Pieces        $18.67        $45.39      14.222 Opn Odd Adj Rect  95'  4"  11'  4"    1
3 Int Flr3 Corridor         431 Pieces       $498.29     $1,211.45     379.556 Opn Odd Adj Rect 632'  8"   9'  4"    1
3 Int Flr3 Stairs/Elev.          55 Pieces        $63.02       $153.20      48.000 Opn Odd Rect 126'  0"  10'  0"    1

Material [..08BN] Totals       2,400 Pieces     $2,772.68     $6,741.01   2,112.000

..08BN16" 8x8x16 BN 16" Long BN MW / SqFt       $2.200  1.00% waste 1.125    Pieces per SqFtPiece
1 Ext Bearing         150 Pieces       $349.77       $421.31     132.000 Opn Odd Adj Rect 598'  8"  10'  8"    1
1 Ext Non-Bearing           9 Pieces        $21.20        $25.53       8.000 Opn Odd Adj Rect  94'  8"  10'  8"    1
2 Ext Bearing         159 Pieces       $370.96       $446.85     140.000 Opn Odd Adj Rect 581'  4"  10'  0"    1
2 Ext Non-Bearing           5 Pieces        $10.60        $12.77       4.000 Opn Odd Adj Rect  95'  4"  10'  0"    1
3 Ext Bearing         159 Pieces       $370.96       $446.85     140.000 Opn Odd Adj Rect 581'  4"  11'  4"    1
3 Ext Non-Bearing           5 Pieces        $10.60        $12.77       4.000 Opn Odd Adj Rect  95'  4"  11'  4"    1

Material [..08BN16"] Totals         486 Pieces     $1,134.09     $1,366.08     428.000

..08BNH 8x8x8 BNH MW / SqFt       $1.090  1.00% waste 2.250    Pieces per SqFtPiece
1 Ext Bearing         297 Pieces       $343.08       $834.11     130.667 Opn Odd Adj Rect 598'  8"  10'  8"    1
1 Ext Non-Bearing          36 Pieces        $42.01       $102.14      16.000 Opn Odd Adj Rect  94'  8"  10'  8"    1
1 Int Flr1 Corridor         438 Pieces       $506.46     $1,231.31     192.889 Opn Odd Adj Rect 646'  0"   9'  4"    1
1 Int Flr1 Stairs/Elev.          53 Pieces        $60.68       $147.53      23.111 Opn Odd Rect 126'  0"  10'  0"    1
2 Ext Bearing         283 Pieces       $326.75       $794.39     124.444 Opn Odd Adj Rect 581'  4"  10'  0"    1
2 Ext Non-Bearing          16 Pieces        $18.67        $45.39       7.111 Opn Odd Adj Rect  95'  4"  10'  0"    1
2 Int Flr2 Corridor         430 Pieces       $497.12     $1,208.61     189.333 Opn Odd Adj Rect 632'  8"   9'  4"    1
2 Int Flr2 Stairs/Elev.          53 Pieces        $60.68       $147.53      23.111 Opn Odd Rect 126'  0"  10'  0"    1
3 Ext Bearing         283 Pieces       $326.75       $794.39     124.444 Opn Odd Adj Rect 581'  4"  11'  4"    1
3 Ext Non-Bearing          16 Pieces        $18.67        $45.39       7.111 Opn Odd Adj Rect  95'  4"  11'  4"    1
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3 Int Flr3 Corridor         430 Pieces       $497.12     $1,208.61     189.333 Opn Odd Adj Rect 632'  8"   9'  4"    1
3 Int Flr3 Stairs/Elev.          53 Pieces        $60.68       $147.53      23.111 Opn Odd Rect 126'  0"  10'  0"    1

Material [..08BNH] Totals       2,388 Pieces     $2,758.68     $6,706.96   1,050.667

..08H 8x8x8 Half  MW / SqFt       $0.870  1.00% waste 2.250    Pieces per SqFtPiece
1 Ext Bearing         387 Pieces       $356.73     $1,086.62     170.222 Opn Odd Adj Rect 598'  8"  10'  8"    1
1 Ext Non-Bearing          85 Pieces        $78.24       $238.32      37.333 Opn Odd Adj Rect  94'  8"  10'  8"    1
1 Ext Stairs         106 Pieces        $97.80       $297.90      46.667 Odd Adj Rect  90'  0"  10'  8"    1
1 Int Flr1 Corridor         420 Pieces       $387.47     $1,180.24     184.889 Opn Odd Adj Rect 646'  0"   9'  4"    1
1 Int Flr1 Shear Walls         452 Pieces       $417.28     $1,271.03     199.111 Odd Rect 420'  8"  10'  0"    1
1 Int Flr1 Stairs/Elev.         105 Pieces        $96.87       $295.06      46.222 Opn Odd Rect 126'  0"  10'  0"    1
2 Ext Bearing         363 Pieces       $334.38     $1,018.53     159.556 Opn Odd Adj Rect 581'  4"  10'  0"    1
2 Ext Non-Bearing          85 Pieces        $78.24       $238.32      37.333 Opn Odd Adj Rect  95'  4"  10'  0"    1
2 Ext Stairs         106 Pieces        $97.80       $297.90      46.667 Odd Adj Rect  92'  8"  10'  0"    1
2 Int Flr2 Corridor         407 Pieces       $375.36     $1,143.36     179.111 Opn Odd Adj Rect 632'  8"   9'  4"    1
2 Int Flr2 Shear Walls         481 Pieces       $443.36     $1,350.47     211.556 Odd Rect 453'  4"  10'  0"    1
2 Int Flr2 Stairs/Elev.         105 Pieces        $96.87       $295.06      46.222 Opn Odd Rect 126'  0"  10'  0"    1
3 Ext Bearing         396 Pieces       $365.12     $1,112.15     174.222 Opn Odd Adj Rect 581'  4"  11'  4"    1
3 Ext Non-Bearing          88 Pieces        $81.03       $246.83      38.667 Opn Odd Adj Rect  95'  4"  11'  4"    1
3 Ext Stairs         109 Pieces       $100.59       $306.41      48.000 Odd Adj Rect  92'  8"  11'  4"    1
3 Int Flr3 Corridor         407 Pieces       $375.36     $1,143.36     179.111 Opn Odd Adj Rect 632'  8"   9'  4"    1
3 Int Flr3 Shear Walls         481 Pieces       $443.36     $1,350.47     211.556 Odd Rect 453'  4"  10'  0"    1
3 Int Flr3 Stairs/Elev.         105 Pieces        $96.87       $295.06      46.222 Opn Odd Rect 126'  0"  10'  0"    1

Material [..08H] Totals       4,687 Pieces     $4,322.73    $13,167.09   2,062.667

Class Totals C.M.U.      81,669 Pieces    $75,826.69   $219,877.58  68,019.473

Classification CON Control Joints
CJ Control Joint Material / LinFt       $1.300 Show as LinFtLinFt

1 Ext Bearing         245 LinFt       $338.07        $59.16     245.333 Opn Odd Adj Rect 598'  8"  10'  8"    1
1 Ext Non-Bearing          32 LinFt        $44.10         $7.72      32.000 Opn Odd Adj Rect  94'  8"  10'  8"    1
1 Ext Stairs          32 LinFt        $44.10         $7.72      32.000 Odd Adj Rect  90'  0"  10'  8"    1
2 Ext Bearing         230 LinFt       $316.94        $55.47     230.000 Opn Odd Adj Rect 581'  4"  10'  0"    1
2 Ext Non-Bearing          30 LinFt        $41.34         $7.23      30.000 Opn Odd Adj Rect  95'  4"  10'  0"    1
2 Ext Stairs          30 LinFt        $41.34         $7.23      30.000 Odd Adj Rect  92'  8"  10'  0"    1
3 Ext Bearing         261 LinFt       $359.20        $62.86     260.667 Opn Odd Adj Rect 581'  4"  11'  4"    1
3 Ext Non-Bearing          34 LinFt        $46.85         $8.20      34.000 Opn Odd Adj Rect  95'  4"  11'  4"    1
3 Ext Stairs          34 LinFt        $46.85         $8.20      34.000 Odd Adj Rect  92'  8"  11'  4"    1

Material [CJ] Totals         928 LinFt     $1,278.78       $223.79     928.000

Classification CSZ Cast Stone
BAND Cont Band / CbcFt       $0.000 1.108    Pieces per CbcFtPiece

1 Ext Bearing          95 Pieces         $0.00         $0.00      86.142 Opn Odd Adj Rect 598'  8"  10'  8"    1
1 Ext Non-Bearing          19 Pieces         $0.00         $0.00      17.153 Opn Odd Adj Rect  94'  8"  10'  8"    1
1 Ext Stairs          22 Pieces         $0.00         $0.00      20.228 Odd Adj Rect  90'  0"  10'  8"    1
2 Ext Bearing          93 Pieces         $0.00         $0.00      83.780 Opn Odd Adj Rect 581'  4"  10'  0"    1
2 Ext Non-Bearing          22 Pieces         $0.00         $0.00      20.162 Opn Odd Adj Rect  95'  4"  10'  0"    1
2 Ext Stairs          23 Pieces         $0.00         $0.00      20.830 Odd Adj Rect  92'  8"  10'  0"    1
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3 Ext Bearing          93 Pieces         $0.00         $0.00      83.780 Opn Odd Adj Rect 581'  4"  11'  4"    1
3 Ext Non-Bearing          22 Pieces         $0.00         $0.00      20.162 Opn Odd Adj Rect  95'  4"  11'  4"    1
3 Ext Stairs          23 Pieces         $0.00         $0.00      20.830 Odd Adj Rect  92'  8"  11'  4"    1

Material [BAND] Totals         413 Pieces         $0.00         $0.00     373.065

COPING 19x5x48 / CbcFt       $0.000 2.639    CbcFt per PiecePiece
3 Ext Bearing         145 Pieces         $0.00         $0.00     382.556 Opn Odd Adj Rect 581'  4"  11'  4"    1
3 Ext Non-Bearing          24 Pieces         $0.00         $0.00      62.894 Opn Odd Adj Rect  95'  4"  11'  4"    1
3 Ext Stairs          22 Pieces         $0.00         $0.00      58.248 Odd Adj Rect  92'  8"  11'  4"    1

Material [COPING] Totals         191 Pieces         $0.00         $0.00     503.698

WINSILL Window Sill / CbcFt       $0.000 1.111    CbcFt per PiecePiece
1 Ext Bearing         105 Pieces         $0.00         $0.00     116.111 Opn Odd Adj Rect 598'  8"  10'  8"    1
1 Ext Non-Bearing           6 Pieces         $0.00         $0.00       7.037 Opn Odd Adj Rect  94'  8"  10'  8"    1
2 Ext Bearing         111 Pieces         $0.00         $0.00     123.148 Opn Odd Adj Rect 581'  4"  10'  0"    1
2 Ext Non-Bearing           3 Pieces         $0.00         $0.00       3.704 Opn Odd Adj Rect  95'  4"  10'  0"    1
3 Ext Bearing         111 Pieces         $0.00         $0.00     123.148 Opn Odd Adj Rect 581'  4"  11'  4"    1
3 Ext Non-Bearing           3 Pieces         $0.00         $0.00       3.704 Opn Odd Adj Rect  95'  4"  11'  4"    1

Material [WINSILL] Totals         339 Pieces         $0.00         $0.00     376.852

Class Totals Cast Stone         943 Pieces         $0.00         $0.00   1,253.615

Classification FIR Fire Safeing
FIRECLK Fire Caulk Precast/Wall / LinFt       $0.650  2.00% waste Show as LinFtLinFt

1 Int Flr1 Corridor       1,315 LinFt       $906.29     $1,388.17   1,289.582 Opn Odd Adj Rect 646'  0"   9'  4"    1
1 Int Flr1 Shear Walls         858 LinFt       $591.27       $905.66     841.333 Odd Rect 420'  8"  10'  0"    1
1 Int Flr1 Stairs/Elev.         123 LinFt        $84.80       $129.89     120.667 Opn Odd Rect 126'  0"  10'  0"    1
2 Int Flr2 Corridor       1,291 LinFt       $889.25     $1,362.07   1,265.333 Opn Odd Adj Rect 632'  8"   9'  4"    1
2 Int Flr2 Shear Walls         925 LinFt       $637.19       $975.98     906.667 Odd Rect 453'  4"  10'  0"    1
2 Int Flr2 Stairs/Elev.         123 LinFt        $84.80       $129.89     120.667 Opn Odd Rect 126'  0"  10'  0"    1
3 Int Flr3 Corridor       1,291 LinFt       $889.25     $1,362.07   1,265.333 Opn Odd Adj Rect 632'  8"   9'  4"    1
3 Int Flr3 Shear Walls         925 LinFt       $637.19       $975.98     906.667 Odd Rect 453'  4"  10'  0"    1
3 Int Flr3 Stairs/Elev.         123 LinFt        $84.80       $129.89     120.667 Opn Odd Rect 126'  0"  10'  0"    1

Material [FIRECLK] Totals       6,974 LinFt     $4,804.85     $7,359.62   6,836.915

TOW TopOfWallSpray/Fiber1.5" / LinFt       $1.300  2.00% waste Show as LinFtLinFt
1 Int Flr1 6" Partitions 1hr         559 LinFt       $770.95       $885.65     548.500 Rect 548'  0"   9'  4"    1
2 Int Flr2 6" Partitions 1hr         529 LinFt       $728.31       $836.67     518.167 Opn Rect 518'  8"   9'  4"    1
3 Int Flr3 6" Partitions 1hr         529 LinFt       $729.25       $837.75     518.833 Opn Rect 519'  4"   9'  4"    1

Material [TOW] Totals       1,617 LinFt     $2,228.52     $2,560.08   1,585.500

Class Totals Fire Safeing       8,591 LinFt     $7,033.36     $9,919.69   8,422.415

Classification FLA Flashing
T BASE S.S.Counter Flash / LinFt       $0.000 Show as LinFtLinFt
1 Ext Bearing         580 LinFt         $0.00         $0.00     579.667 Opn Odd Adj Rect 598'  8"  10'  8"    1
1 Ext Non-Bearing          88 LinFt         $0.00         $0.00      88.000 Opn Odd Adj Rect  94'  8"  10'  8"    1
1 Ext Stairs          90 LinFt         $0.00         $0.00      90.000 Odd Adj Rect  90'  0"  10'  8"    1
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2 Ext Bearing         581 LinFt         $0.00         $0.00     581.333 Opn Odd Adj Rect 581'  4"  10'  0"    1
2 Ext Non-Bearing          95 LinFt         $0.00         $0.00      95.333 Opn Odd Adj Rect  95'  4"  10'  0"    1
2 Ext Stairs          93 LinFt         $0.00         $0.00      92.667 Odd Adj Rect  92'  8"  10'  0"    1
3 Ext Bearing         581 LinFt         $0.00         $0.00     581.333 Opn Odd Adj Rect 581'  4"  11'  4"    1
3 Ext Non-Bearing          95 LinFt         $0.00         $0.00      95.333 Opn Odd Adj Rect  95'  4"  11'  4"    1
3 Ext Stairs          93 LinFt         $0.00         $0.00      92.667 Odd Adj Rect  92'  8"  11'  4"    1

Material [BASE] Totals       2,296 LinFt         $0.00         $0.00   2,296.333

BASEDRIP SS with Drip 16" / LinFt       $0.000 Show as LinFtLinFt
1 Ext Bearing         580 LinFt         $0.00         $0.00     579.667 Opn Odd Adj Rect 598'  8"  10'  8"    1
1 Ext Non-Bearing          88 LinFt         $0.00         $0.00      88.000 Opn Odd Adj Rect  94'  8"  10'  8"    1
1 Ext Stairs          90 LinFt         $0.00         $0.00      90.000 Odd Adj Rect  90'  0"  10'  8"    1
2 Ext Bearing         581 LinFt         $0.00         $0.00     581.333 Opn Odd Adj Rect 581'  4"  10'  0"    1
2 Ext Non-Bearing          95 LinFt         $0.00         $0.00      95.333 Opn Odd Adj Rect  95'  4"  10'  0"    1
2 Ext Stairs          93 LinFt         $0.00         $0.00      92.667 Odd Adj Rect  92'  8"  10'  0"    1
3 Ext Bearing         581 LinFt         $0.00         $0.00     581.333 Opn Odd Adj Rect 581'  4"  11'  4"    1
3 Ext Non-Bearing          95 LinFt         $0.00         $0.00      95.333 Opn Odd Adj Rect  95'  4"  11'  4"    1
3 Ext Stairs          93 LinFt         $0.00         $0.00      92.667 Odd Adj Rect  92'  8"  11'  4"    1

Material [BASEDRIP] Totals       2,296 LinFt         $0.00         $0.00   2,296.333

T PRESSURE Pressure Bar S.S. / LinFt       $0.000 Show as LinFtLinFt
1 Ext Bearing       1,102 LinFt         $0.00         $0.00   1,101.780 Opn Odd Adj Rect 598'  8"  10'  8"    1
1 Ext Non-Bearing         136 LinFt         $0.00         $0.00     136.320 Opn Odd Adj Rect  94'  8"  10'  8"    1
1 Ext Stairs          90 LinFt         $0.00         $0.00      90.000 Odd Adj Rect  90'  0"  10'  8"    1
2 Ext Bearing       1,095 LinFt         $0.00         $0.00   1,095.100 Opn Odd Adj Rect 581'  4"  10'  0"    1
2 Ext Non-Bearing         115 LinFt         $0.00         $0.00     114.640 Opn Odd Adj Rect  95'  4"  10'  0"    1
2 Ext Stairs          93 LinFt         $0.00         $0.00      93.000 Odd Adj Rect  92'  8"  10'  0"    1
3 Ext Bearing       1,095 LinFt         $0.00         $0.00   1,095.100 Opn Odd Adj Rect 581'  4"  11'  4"    1
3 Ext Non-Bearing         115 LinFt         $0.00         $0.00     114.640 Opn Odd Adj Rect  95'  4"  11'  4"    1
3 Ext Stairs          93 LinFt         $0.00         $0.00      93.000 Odd Adj Rect  92'  8"  11'  4"    1

Material [PRESSURE] Totals       3,934 LinFt         $0.00         $0.00   3,933.580

SS18" S. S.  Flashing 16 oz/18" / LinFt       $0.000 Show as LinFtLinFt
3 Ext Bearing         580 LinFt         $0.00         $0.00     579.875 Opn Odd Adj Rect 581'  4"  11'  4"    1
3 Ext Non-Bearing          95 LinFt         $0.00         $0.00      95.333 Opn Odd Adj Rect  95'  4"  11'  4"    1
3 Ext Stairs          88 LinFt         $0.00         $0.00      88.292 Odd Adj Rect  92'  8"  11'  4"    1

Material [SS18"] Totals         764 LinFt         $0.00         $0.00     763.500

WHEADDRIP SS with Drip 16" / LinFt       $0.000 Show as LinFtLinFt
1 Ext Bearing         265 LinFt         $0.00         $0.00     265.000 Opn Odd Adj Rect 598'  8"  10'  8"    1
1 Ext Non-Bearing          24 LinFt         $0.00         $0.00      24.000 Opn Odd Adj Rect  94'  8"  10'  8"    1
2 Ext Bearing         257 LinFt         $0.00         $0.00     256.667 Opn Odd Adj Rect 581'  4"  10'  0"    1
2 Ext Non-Bearing           9 LinFt         $0.00         $0.00       8.667 Opn Odd Adj Rect  95'  4"  10'  0"    1
3 Ext Bearing         257 LinFt         $0.00         $0.00     256.667 Opn Odd Adj Rect 581'  4"  11'  4"    1
3 Ext Non-Bearing           9 LinFt         $0.00         $0.00       8.667 Opn Odd Adj Rect  95'  4"  11'  4"    1

Material [WHEADDRIP] Totals         820 LinFt         $0.00         $0.00     819.667

T WINHEAD S.S.Counter Flash / LinFt       $0.000 Show as LinFtLinFt
1 Ext Bearing         265 LinFt         $0.00         $0.00     265.000 Opn Odd Adj Rect 598'  8"  10'  8"    1
1 Ext Non-Bearing          24 LinFt         $0.00         $0.00      24.000 Opn Odd Adj Rect  94'  8"  10'  8"    1
2 Ext Bearing         257 LinFt         $0.00         $0.00     256.667 Opn Odd Adj Rect 581'  4"  10'  0"    1
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2 Ext Non-Bearing           9 LinFt         $0.00         $0.00       8.667 Opn Odd Adj Rect  95'  4"  10'  0"    1
3 Ext Bearing         257 LinFt         $0.00         $0.00     256.667 Opn Odd Adj Rect 581'  4"  11'  4"    1
3 Ext Non-Bearing           9 LinFt         $0.00         $0.00       8.667 Opn Odd Adj Rect  95'  4"  11'  4"    1

Material [WINHEAD] Totals         820 LinFt         $0.00         $0.00     819.667

Class Totals Flashing      10,929 LinFt         $0.00         $0.00  10,929.080

Classification GRO Grout
G6CMU grout 6" cmu in Cu.Ft. / CbcFt       $3.700  3.00% waste Show as CbcFtCbcFt

2 Int Flr2 6" Partitions 1hr           3 CbcFt        $11.41        $17.02       2.824 Opn Rect 518'  8"   9'  4"    1
3 Int Flr3 6" Partitions 1hr           3 CbcFt        $11.41        $17.02       2.824 Opn Rect 519'  4"   9'  4"    1

Material [G6CMU] Totals           6 CbcFt        $22.82        $34.05       5.648

G8CMU grout 8" cmu in Cu.Ft. / CbcFt       $3.700  3.00% waste Show as CbcFtCbcFt
1 Ext Bearing         583 CbcFt     $2,285.93       $779.79     565.873 Opn Odd Adj Rect 598'  8"  10'  8"    1
1 Ext Non-Bearing          82 CbcFt       $320.31       $109.26      79.291 Opn Odd Adj Rect  94'  8"  10'  8"    1
1 Ext Stairs          77 CbcFt       $300.61       $102.55      74.416 Odd Adj Rect  90'  0"  10'  8"    1
1 Int Flr1 Corridor         471 CbcFt     $1,847.00       $630.06     457.216 Opn Odd Adj Rect 646'  0"   9'  4"    1
1 Int Flr1 Shear Walls         383 CbcFt     $1,500.55       $511.88     371.455 Odd Rect 420'  8"  10'  0"    1
1 Int Flr1 Stairs/Elev.          94 CbcFt       $368.75       $125.79      91.283 Opn Odd Rect 126'  0"  10'  0"    1
2 Ext Bearing         574 CbcFt     $2,249.47       $767.35     556.847 Opn Odd Adj Rect 581'  4"  10'  0"    1
2 Ext Non-Bearing          77 CbcFt       $301.80       $102.95      74.708 Opn Odd Adj Rect  95'  4"  10'  0"    1
2 Ext Stairs          67 CbcFt       $262.17        $89.43      64.899 Odd Adj Rect  92'  8"  10'  0"    1
2 Int Flr2 Corridor         460 CbcFt     $1,805.75       $615.99     447.006 Opn Odd Adj Rect 632'  8"   9'  4"    1
2 Int Flr2 Shear Walls         392 CbcFt     $1,538.77       $524.91     380.915 Odd Rect 453'  4"  10'  0"    1
2 Int Flr2 Stairs/Elev.          94 CbcFt       $368.75       $125.79      91.283 Opn Odd Rect 126'  0"  10'  0"    1
3 Ext Bearing         768 CbcFt     $3,012.15     $1,027.52     745.645 Opn Odd Adj Rect 581'  4"  11'  4"    1
3 Ext Non-Bearing         108 CbcFt       $425.32       $145.09     105.287 Opn Odd Adj Rect  95'  4"  11'  4"    1
3 Ext Stairs          96 CbcFt       $374.77       $127.84      92.772 Odd Adj Rect  92'  8"  11'  4"    1
3 Int Flr3 Corridor         460 CbcFt     $1,805.75       $615.99     447.006 Opn Odd Adj Rect 632'  8"   9'  4"    1
3 Int Flr3 Shear Walls         392 CbcFt     $1,538.77       $524.91     380.915 Odd Rect 453'  4"  10'  0"    1
3 Int Flr3 Stairs/Elev.          94 CbcFt       $368.75       $125.79      91.283 Opn Odd Rect 126'  0"  10'  0"    1
FDN Ext FDN         149 CbcFt       $584.68       $199.45     144.735 Rect 782'  8"   0'  8"    1
FDN Int FDN         198 CbcFt       $778.43       $265.54     192.697 Rect1043'  4"   0'  8"    1

Material [G8CMU] Totals       5,619 CbcFt    $22,038.49     $7,517.89   5,455.530

GCAVITY grout cavity in Cu.Ft. / CbcFt       $3.700  3.00% waste Show as CbcFtCbcFt
1 Ext Bearing          28 CbcFt       $109.07       $325.56      27.000 Opn Odd Adj Rect 598'  8"  10'  8"    1
1 Ext Non-Bearing           5 CbcFt        $20.20        $60.29       5.000 Opn Odd Adj Rect  94'  8"  10'  8"    1
1 Ext Stairs           4 CbcFt        $16.16        $48.23       4.000 Odd Adj Rect  90'  0"  10'  8"    1
2 Ext Bearing          28 CbcFt       $109.07       $325.56      27.000 Opn Odd Adj Rect 581'  4"  10'  0"    1
2 Ext Non-Bearing           3 CbcFt        $12.12        $36.17       3.000 Opn Odd Adj Rect  95'  4"  10'  0"    1
2 Ext Stairs           4 CbcFt        $16.16        $48.23       4.000 Odd Adj Rect  92'  8"  10'  0"    1
3 Ext Bearing          28 CbcFt       $109.07       $325.56      27.000 Opn Odd Adj Rect 581'  4"  11'  4"    1
3 Ext Non-Bearing           3 CbcFt        $12.12        $36.17       3.000 Opn Odd Adj Rect  95'  4"  11'  4"    1
3 Ext Stairs           4 CbcFt        $16.16        $48.23       4.000 Odd Adj Rect  92'  8"  11'  4"    1

Material [GCAVITY] Totals         107 CbcFt       $420.12     $1,254.01     104.000

GHM grout for hm frame / CbcFt       $3.700  3.00% waste Show as CbcFtCbcFt
1 Ext Bearing           3 CbcFt        $12.62        $33.49       3.125 Opn Odd Adj Rect 598'  8"  10'  8"    1
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1 Ext Non-Bearing           2 CbcFt         $8.42        $22.33       2.083 Opn Odd Adj Rect  94'  8"  10'  8"    1
1 Int Flr1 Corridor          44 CbcFt       $172.53       $457.75      42.708 Opn Odd Adj Rect 646'  0"   9'  4"    1
1 Int Flr1 Stairs/Elev.           4 CbcFt        $16.83        $44.66       4.167 Opn Odd Rect 126'  0"  10'  0"    1
2 Int Flr2 6" Partitions 1hr           1 CbcFt         $4.21        $11.16       1.042 Opn Rect 518'  8"   9'  4"    1
2 Int Flr2 Corridor          45 CbcFt       $176.74       $468.91      43.750 Opn Odd Adj Rect 632'  8"   9'  4"    1
2 Int Flr2 Stairs/Elev.           4 CbcFt        $16.83        $44.66       4.167 Opn Odd Rect 126'  0"  10'  0"    1
3 Int Flr3 6" Partitions 1hr           1 CbcFt         $4.21        $11.16       1.042 Opn Rect 519'  4"   9'  4"    1
3 Int Flr3 Corridor          45 CbcFt       $176.74       $468.91      43.750 Opn Odd Adj Rect 632'  8"   9'  4"    1
3 Int Flr3 Stairs/Elev.           4 CbcFt        $16.83        $44.66       4.167 Opn Odd Rect 126'  0"  10'  0"    1

Material [GHM] Totals         155 CbcFt       $605.95     $1,607.70     150.000

PLANK 8,000 S.F.=1 CY of Grout / CbcFt       $3.700  3.00% waste Show as CbcFtCbcFt
1 Precast Plank (2nd Flr)          83 CbcFt       $327.21     $1,309.05      81.000 Adj Rect   0'  1"   0'  1"    1
2 Precast Plank (3rd Flr)          83 CbcFt       $327.21     $1,309.05      81.000 Adj Rect   0'  1"   0'  1"    1
3 Precast Plank (Roof)          83 CbcFt       $327.21     $1,309.05      81.000 Adj Rect   0'  1"   0'  1"    1

Material [PLANK] Totals         250 CbcFt       $981.64     $3,927.16     243.000

Class Totals Grout       6,137 CbcFt    $24,069.01    $14,340.82   5,958.178

Classification HML set hollow metal frame
HMFRM masonry both sides / Each       $0.000 Show as EachEach

1 Ext Bearing           3 Each         $0.00         $0.00       3.000 Opn Odd Adj Rect 598'  8"  10'  8"    1
1 Ext Non-Bearing           2 Each         $0.00         $0.00       2.000 Opn Odd Adj Rect  94'  8"  10'  8"    1
1 Int Flr1 Corridor          41 Each         $0.00         $0.00      41.000 Opn Odd Adj Rect 646'  0"   9'  4"    1
1 Int Flr1 Stairs/Elev.           4 Each         $0.00         $0.00       4.000 Opn Odd Rect 126'  0"  10'  0"    1
2 Int Flr2 6" Partitions 1hr           1 Each         $0.00         $0.00       1.000 Opn Rect 518'  8"   9'  4"    1
2 Int Flr2 Corridor          42 Each         $0.00         $0.00      42.000 Opn Odd Adj Rect 632'  8"   9'  4"    1
2 Int Flr2 Stairs/Elev.           4 Each         $0.00         $0.00       4.000 Opn Odd Rect 126'  0"  10'  0"    1
3 Int Flr3 6" Partitions 1hr           1 Each         $0.00         $0.00       1.000 Opn Rect 519'  4"   9'  4"    1
3 Int Flr3 Corridor          42 Each         $0.00         $0.00      42.000 Opn Odd Adj Rect 632'  8"   9'  4"    1
3 Int Flr3 Stairs/Elev.           4 Each         $0.00         $0.00       4.000 Opn Odd Rect 126'  0"  10'  0"    1

Material [HMFRM] Totals         144 Each         $0.00         $0.00     144.000

Classification INR Rigid Insul.
SPRAYFOAM 4" Sprayfoam Insulation / SqFt       $3.400 Show as SqFtSqFt

1 Ext Bearing       5,191 SqFt    $18,708.85         $0.00   5,191.135 Opn Odd Adj Rect 598'  8"  10'  8"    1
1 Ext Non-Bearing         897 SqFt     $3,232.39         $0.00     896.889 Opn Odd Adj Rect  94'  8"  10'  8"    1
1 Ext Stairs         920 SqFt     $3,315.68         $0.00     920.000 Odd Adj Rect  90'  0"  10'  8"    1
2 Ext Bearing       4,681 SqFt    $16,869.72         $0.00   4,680.833 Opn Odd Adj Rect 581'  4"  10'  0"    1
2 Ext Non-Bearing         921 SqFt     $3,320.49         $0.00     921.333 Opn Odd Adj Rect  95'  4"  10'  0"    1
2 Ext Stairs         889 SqFt     $3,204.56         $0.00     889.167 Odd Adj Rect  92'  8"  10'  0"    1
3 Ext Bearing       5,454 SqFt    $19,657.22         $0.00   5,454.278 Opn Odd Adj Rect 581'  4"  11'  4"    1
3 Ext Non-Bearing       1,048 SqFt     $3,778.59         $0.00   1,048.444 Opn Odd Adj Rect  95'  4"  11'  4"    1
3 Ext Stairs       1,008 SqFt     $3,631.83         $0.00   1,007.722 Odd Adj Rect  92'  8"  11'  4"    1

Material [SPRAYFOAM] Totals      21,010 SqFt    $75,719.32         $0.00  21,009.801
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Classification LUM PT Lumber
WINDOW Window Surround / LinFt       $1.500 Show as LinFtLinFt

1 Ext Bearing         822 LinFt     $1,306.98     $1,321.53     822.000 Opn Odd Adj Rect 598'  8"  10'  8"    1
1 Ext Non-Bearing          82 LinFt       $130.38       $131.83      82.000 Opn Odd Adj Rect  94'  8"  10'  8"    1
2 Ext Bearing         805 LinFt     $1,279.95     $1,294.20     805.000 Opn Odd Adj Rect 581'  4"  10'  0"    1
2 Ext Non-Bearing          34 LinFt        $54.06        $54.66      34.000 Opn Odd Adj Rect  95'  4"  10'  0"    1
3 Ext Bearing         805 LinFt     $1,279.95     $1,294.20     805.000 Opn Odd Adj Rect 581'  4"  11'  4"    1
3 Ext Non-Bearing          34 LinFt        $54.06        $54.66      34.000 Opn Odd Adj Rect  95'  4"  11'  4"    1

Material [WINDOW] Totals       2,582 LinFt     $4,105.38     $4,151.09   2,582.000

Classification MNE Mortar Net
MN Mortar Net 2" Thick / LinFt       $1.390 Show as LinFtLinFt

1 Ext Bearing         845 LinFt     $1,244.53        $76.69     844.667 Opn Odd Adj Rect 598'  8"  10'  8"    1
1 Ext Non-Bearing         112 LinFt       $165.02        $10.17     112.000 Opn Odd Adj Rect  94'  8"  10'  8"    1
1 Ext Stairs          90 LinFt       $132.61         $8.17      90.000 Odd Adj Rect  90'  0"  10'  8"    1
2 Ext Bearing         838 LinFt     $1,234.71        $76.08     838.000 Opn Odd Adj Rect 581'  4"  10'  0"    1
2 Ext Non-Bearing         104 LinFt       $153.23         $9.44     104.000 Opn Odd Adj Rect  95'  4"  10'  0"    1
2 Ext Stairs          93 LinFt       $136.54         $8.41      92.667 Odd Adj Rect  92'  8"  10'  0"    1
3 Ext Bearing         838 LinFt     $1,234.71        $76.08     838.000 Opn Odd Adj Rect 581'  4"  11'  4"    1
3 Ext Non-Bearing         104 LinFt       $153.23         $9.44     104.000 Opn Odd Adj Rect  95'  4"  11'  4"    1
3 Ext Stairs          93 LinFt       $136.54         $8.41      92.667 Odd Adj Rect  92'  8"  11'  4"    1

Material [MN] Totals       3,116 LinFt     $4,591.11       $282.90   3,116.000

Classification MOR Mortar (CuFt)
Mortar[1] CbcFt[1] Type N Masonry CementTruckload CbcFt  $3.00 Show as CbcFt/

1 Ext Bearing         778 CbcFt     $2,477.55         $0.00     778.142 Opn Odd Adj Rect 598'  8"  10'  8"    1
1 Ext Non-Bearing         133 CbcFt       $423.55         $0.00     133.026 Opn Odd Adj Rect  94'  8"  10'  8"    1
1 Ext Stairs         135 CbcFt       $430.01         $0.00     135.056 Odd Adj Rect  90'  0"  10'  8"    1
2 Ext Bearing         701 CbcFt     $2,232.27         $0.00     701.106 Opn Odd Adj Rect 581'  4"  10'  0"    1
2 Ext Non-Bearing         132 CbcFt       $421.62         $0.00     132.423 Opn Odd Adj Rect  95'  4"  10'  0"    1
2 Ext Stairs         130 CbcFt       $413.71         $0.00     129.937 Odd Adj Rect  92'  8"  10'  0"    1
3 Ext Bearing         815 CbcFt     $2,594.96         $0.00     815.019 Opn Odd Adj Rect 581'  4"  11'  4"    1
3 Ext Non-Bearing         152 CbcFt       $482.54         $0.00     151.556 Opn Odd Adj Rect  95'  4"  11'  4"    1
3 Ext Stairs         149 CbcFt       $473.01         $0.00     148.560 Odd Adj Rect  92'  8"  11'  4"    1

Mortar [2] Totals       3,125 CbcFt     $9,949.21         $0.00   3,124.824

Mortar[2] CbcFt[2] Type S Masonry Cement Truckload CbcFt  $3.10 Show as CbcFt/
1 Ext Bearing         492 CbcFt     $1,615.99         $0.00     492.368 Opn Odd Adj Rect 598'  8"  10'  8"    1
1 Ext Non-Bearing          86 CbcFt       $282.16         $0.00      85.971 Opn Odd Adj Rect  94'  8"  10'  8"    1
1 Ext Stairs          85 CbcFt       $278.24         $0.00      84.777 Odd Adj Rect  90'  0"  10'  8"    1
1 Int Flr1 6" Partitions 1hr         516 CbcFt     $1,695.03         $0.00     516.450 Rect 548'  0"   9'  4"    1
1 Int Flr1 Corridor         527 CbcFt     $1,729.50         $0.00     526.955 Opn Odd Adj Rect 646'  0"   9'  4"    1
1 Int Flr1 Shear Walls         425 CbcFt     $1,394.37         $0.00     424.843 Odd Rect 420'  8"  10'  0"    1
1 Int Flr1 Stairs/Elev.         115 CbcFt       $376.27         $0.00     114.643 Opn Odd Rect 126'  0"  10'  0"    1
2 Ext Bearing         478 CbcFt     $1,568.20         $0.00     477.809 Opn Odd Adj Rect 581'  4"  10'  0"    1
2 Ext Non-Bearing          93 CbcFt       $305.65         $0.00      93.129 Opn Odd Adj Rect  95'  4"  10'  0"    1
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2 Ext Stairs          87 CbcFt       $286.68         $0.00      87.348 Odd Adj Rect  92'  8"  10'  0"    1
2 Int Flr2 6" Partitions 1hr         489 CbcFt     $1,603.74         $0.00     488.636 Opn Rect 518'  8"   9'  4"    1
2 Int Flr2 Corridor         515 CbcFt     $1,690.03         $0.00     514.929 Opn Odd Adj Rect 632'  8"   9'  4"    1
2 Int Flr2 Shear Walls         458 CbcFt     $1,501.69         $0.00     457.543 Odd Rect 453'  4"  10'  0"    1
2 Int Flr2 Stairs/Elev.         115 CbcFt       $376.27         $0.00     114.643 Opn Odd Rect 126'  0"  10'  0"    1
3 Ext Bearing         595 CbcFt     $1,953.15         $0.00     595.096 Opn Odd Adj Rect 581'  4"  11'  4"    1
3 Ext Non-Bearing         112 CbcFt       $368.66         $0.00     112.324 Opn Odd Adj Rect  95'  4"  11'  4"    1
3 Ext Stairs         105 CbcFt       $344.06         $0.00     104.830 Odd Adj Rect  92'  8"  11'  4"    1
3 Int Flr3 6" Partitions 1hr         489 CbcFt     $1,605.71         $0.00     489.236 Opn Rect 519'  4"   9'  4"    1
3 Int Flr3 Corridor         515 CbcFt     $1,690.03         $0.00     514.929 Opn Odd Adj Rect 632'  8"   9'  4"    1
3 Int Flr3 Shear Walls         458 CbcFt     $1,501.69         $0.00     457.543 Odd Rect 453'  4"  10'  0"    1
3 Int Flr3 Stairs/Elev.         115 CbcFt       $376.27         $0.00     114.643 Opn Odd Rect 126'  0"  10'  0"    1
FDN Ext FDN          50 CbcFt       $164.41         $0.00      50.093 Rect 782'  8"   0'  8"    1
FDN Int FDN          67 CbcFt       $218.89         $0.00      66.692 Rect1043'  4"   0'  8"    1

Mortar [2] Totals       6,985 CbcFt    $22,926.69         $0.00   6,985.428

Class Totals Mortar (CuFt)    $32,875.90         $0.00  10,110.252

Classification PCF Precast Plank
1STFLRPLK 8" Precast Plank / SqFt     $430.769 76.923   SqFt per PiecePiece

1 Precast Plank (2nd Flr)         233 Pieces   $106,414.67     $2,542.30  17,927.000 Adj Rect   0'  1"   0'  1"    1

2STFLRPLK 8" Precast Plank / SqFt     $560.000 83.333   SqFt per PiecePiece
2 Precast Plank (3rd Flr)         218 Pieces   $129,642.24     $2,382.48  18,200.000 Adj Rect   0'  1"   0'  1"    1
3 Precast Plank (Roof)         218 Pieces   $129,642.24     $2,382.48  18,200.000 Adj Rect   0'  1"   0'  1"    1

Material [2STFLRPLK] Totals         437 Pieces   $259,284.48     $4,764.96  36,400.000

Class Totals Precast Plank         670 Pieces   $365,699.15     $7,307.26  54,327.000

Classification REB Rebar
#4 #4 w/shops Vert. / LinFt       $0.244 Show as LinFtLinFt

1 Int Flr1 Shear Walls       1,728 LinFt       $446.93       $416.72   1,728.000 Odd Rect 420'  8"  10'  0"    1
2 Int Flr2 Shear Walls       1,728 LinFt       $446.93       $416.72   1,728.000 Odd Rect 453'  4"  10'  0"    1
3 Int Flr3 Shear Walls       1,728 LinFt       $446.93       $416.72   1,728.000 Odd Rect 453'  4"  10'  0"    1

Material [#4] Totals       5,184 LinFt     $1,340.79     $1,250.15   5,184.000

#4PLANK Plank L Shape w/shops / LinFt       $0.976 4.000    LinFt per PiecePiece
1 Int Flr1 Shear Walls         211 Pieces       $218.29       $407.07     844.000 Odd Rect 420'  8"  10'  0"    1
2 Int Flr2 Shear Walls         227 Pieces       $234.85       $437.94     908.000 Odd Rect 453'  4"  10'  0"    1
3 Int Flr3 Shear Walls         227 Pieces       $234.85       $437.94     908.000 Odd Rect 453'  4"  10'  0"    1

Material [#4PLANK] Totals         665 Pieces       $687.98     $1,282.95   2,660.000

#5 #5 w/shops Vert. / LinFt       $0.381 Show as LinFtLinFt
1 Ext Bearing       3,320 LinFt     $1,340.82       $800.64   3,320.000 Opn Odd Adj Rect 598'  8"  10'  8"    1
1 Ext Non-Bearing         411 LinFt       $165.85        $99.03     410.667 Opn Odd Adj Rect  94'  8"  10'  8"    1
1 Ext Stairs         465 LinFt       $187.79       $112.14     465.000 Odd Adj Rect  90'  0"  10'  8"    1
1 Int Flr1 Corridor       1,375 LinFt       $555.31       $331.59   1,375.000 Opn Odd Adj Rect 646'  0"   9'  4"    1
1 Int Flr1 Stairs/Elev.         416 LinFt       $167.94       $100.28     415.833 Opn Odd Rect 126'  0"  10'  0"    1
2 Ext Bearing       2,838 LinFt     $1,146.29       $684.48   2,838.333 Opn Odd Adj Rect 581'  4"  10'  0"    1
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REB Continued Quantity
Marked Up Marked Up
Mat. Cost Lay-Cost Amount

Wall 

LengthHeight Qty Opn OddAdj Shape

2 Ext Non-Bearing         321 LinFt       $129.77        $77.49     321.333 Opn Odd Adj Rect  95'  4"  10'  0"    1
2 Ext Stairs         288 LinFt       $116.11        $69.33     287.500 Odd Adj Rect  92'  8"  10'  0"    1
2 Int Flr2 6" Partitions 1hr          13 LinFt         $5.38         $3.22      13.333 Opn Rect 518'  8"   9'  4"    1
2 Int Flr2 Corridor       1,317 LinFt       $532.02       $317.68   1,317.333 Opn Odd Adj Rect 632'  8"   9'  4"    1
2 Int Flr2 Stairs/Elev.         416 LinFt       $167.94       $100.28     415.833 Opn Odd Rect 126'  0"  10'  0"    1
3 Ext Bearing       3,490 LinFt     $1,409.47       $841.63   3,490.000 Opn Odd Adj Rect 581'  4"  11'  4"    1
3 Ext Non-Bearing         353 LinFt       $142.70        $85.21     353.333 Opn Odd Adj Rect  95'  4"  11'  4"    1
3 Ext Stairs         318 LinFt       $128.49        $76.73     318.167 Odd Adj Rect  92'  8"  11'  4"    1
3 Int Flr3 6" Partitions 1hr          13 LinFt         $5.38         $3.22      13.333 Opn Rect 519'  4"   9'  4"    1
3 Int Flr3 Corridor       1,317 LinFt       $532.02       $317.68   1,317.333 Opn Odd Adj Rect 632'  8"   9'  4"    1
3 Int Flr3 Stairs/Elev.         416 LinFt       $167.94       $100.28     415.833 Opn Odd Rect 126'  0"  10'  0"    1

Material [#5] Totals      17,088 LinFt     $6,901.23     $4,120.91  17,088.167

#5BB REBA #5 w/shops Bond Beam / LinFt       $0.381 Show as LinFtLinFt
1 Ext Bearing       1,898 LinFt       $766.35       $457.61   1,897.566 Opn Odd Adj Rect 598'  8"  10'  8"    1
1 Ext Non-Bearing         262 LinFt       $105.95        $63.26     262.333 Opn Odd Adj Rect  94'  8"  10'  8"    1
1 Ext Stairs         192 LinFt        $77.34        $46.18     191.500 Odd Adj Rect  90'  0"  10'  8"    1
1 Int Flr1 Corridor       1,858 LinFt       $750.47       $448.13   1,858.248 Opn Odd Adj Rect 646'  0"   9'  4"    1
1 Int Flr1 Shear Walls         961 LinFt       $388.24       $231.83     961.333 Odd Rect 420'  8"  10'  0"    1
1 Int Flr1 Stairs/Elev.         314 LinFt       $126.68        $75.64     313.667 Opn Odd Rect 126'  0"  10'  0"    1
2 Ext Bearing       1,836 LinFt       $741.69       $442.88   1,836.500 Opn Odd Adj Rect 581'  4"  10'  0"    1
2 Ext Non-Bearing         233 LinFt        $94.10        $56.19     233.000 Opn Odd Adj Rect  95'  4"  10'  0"    1
2 Ext Stairs         197 LinFt        $79.49        $47.47     196.833 Odd Adj Rect  92'  8"  10'  0"    1
2 Int Flr2 6" Partitions 1hr           5 LinFt         $1.88         $1.13       4.667 Opn Rect 518'  8"   9'  4"    1
2 Int Flr2 Corridor       1,837 LinFt       $742.03       $443.08   1,837.333 Opn Odd Adj Rect 632'  8"   9'  4"    1
2 Int Flr2 Shear Walls       1,032 LinFt       $416.65       $248.79   1,031.667 Odd Rect 453'  4"  10'  0"    1
2 Int Flr2 Stairs/Elev.         314 LinFt       $126.68        $75.64     313.667 Opn Odd Rect 126'  0"  10'  0"    1
3 Ext Bearing       3,160 LinFt     $1,276.06       $761.97   3,159.667 Opn Odd Adj Rect 581'  4"  11'  4"    1
3 Ext Non-Bearing         449 LinFt       $181.20       $108.20     448.667 Opn Odd Adj Rect  95'  4"  11'  4"    1
3 Ext Stairs         394 LinFt       $158.99        $94.93     393.667 Odd Adj Rect  92'  8"  11'  4"    1
3 Int Flr3 6" Partitions 1hr           5 LinFt         $1.88         $1.13       4.667 Opn Rect 519'  4"   9'  4"    1
3 Int Flr3 Corridor       1,837 LinFt       $742.03       $443.08   1,837.333 Opn Odd Adj Rect 632'  8"   9'  4"    1
3 Int Flr3 Shear Walls       1,032 LinFt       $416.65       $248.79   1,031.667 Odd Rect 453'  4"  10'  0"    1
3 Int Flr3 Stairs/Elev.         314 LinFt       $126.68        $75.64     313.667 Opn Odd Rect 126'  0"  10'  0"    1

Material [#5BB REBA] Totals      18,128 LinFt     $7,321.03     $4,371.58  18,127.648

#5PLKDOWE Plank L Shape Plank dowel / LinFt       $1.524 4.000    LinFt per PiecePiece
1 Ext Bearing         150 Pieces       $242.32       $289.39     600.000 Opn Odd Adj Rect 598'  8"  10'  8"    1
1 Ext Non-Bearing          24 Pieces        $38.77        $46.30      96.000 Opn Odd Adj Rect  94'  8"  10'  8"    1
1 Ext Stairs          23 Pieces        $37.16        $44.37      92.000 Odd Adj Rect  90'  0"  10'  8"    1
1 Int Flr1 Corridor         323 Pieces       $521.79       $623.15   1,292.000 Opn Odd Adj Rect 646'  0"   9'  4"    1
1 Int Flr1 Stairs/Elev.          63 Pieces       $101.77       $121.54     252.000 Opn Odd Rect 126'  0"  10'  0"    1
2 Ext Bearing         146 Pieces       $235.85       $281.67     584.000 Opn Odd Adj Rect 581'  4"  10'  0"    1
2 Ext Non-Bearing          24 Pieces        $38.77        $46.30      96.000 Opn Odd Adj Rect  95'  4"  10'  0"    1
2 Ext Stairs          23 Pieces        $37.16        $44.37      92.000 Odd Adj Rect  92'  8"  10'  0"    1
2 Int Flr2 Corridor         317 Pieces       $512.09       $611.57   1,268.000 Opn Odd Adj Rect 632'  8"   9'  4"    1
2 Int Flr2 Stairs/Elev.          63 Pieces       $101.77       $121.54     252.000 Opn Odd Rect 126'  0"  10'  0"    1
3 Ext Bearing         146 Pieces       $235.85       $281.67     584.000 Opn Odd Adj Rect 581'  4"  11'  4"    1
3 Ext Non-Bearing          24 Pieces        $38.77        $46.30      96.000 Opn Odd Adj Rect  95'  4"  11'  4"    1
3 Ext Stairs          23 Pieces        $37.16        $44.37      92.000 Odd Adj Rect  92'  8"  11'  4"    1
3 Int Flr3 Corridor         317 Pieces       $512.09       $611.57   1,268.000 Opn Odd Adj Rect 632'  8"   9'  4"    1
3 Int Flr3 Stairs/Elev.          63 Pieces       $101.77       $121.54     252.000 Opn Odd Rect 126'  0"  10'  0"    1
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Marked Up Marked Up
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Material [#5PLKDOWE] Totals       1,729 Pieces     $2,793.10     $3,335.66   6,916.000

Class Totals Rebar    $19,044.13    $14,361.25  49,975.814

Classification STE Steel Lintels
LINTEL<6' 6x4x3/8 F&I Lintel (glvz) / LinFt       $0.000 6.000    LinFt per PiecePiece

1 Ext Non-Bearing           2 Pieces         $0.00        $17.65       9.333 Opn Odd Adj Rect  94'  8"  10'  8"    1

LINTEL>6' 6x4x3/8 F&I Lintel (glvz) / LinFt       $0.000 8.000    LinFt per PiecePiece
1 Ext Bearing          33 Pieces         $0.00       $375.92     265.000 Opn Odd Adj Rect 598'  8"  10'  8"    1
1 Ext Non-Bearing           2 Pieces         $0.00        $20.81      14.667 Opn Odd Adj Rect  94'  8"  10'  8"    1
2 Ext Bearing          32 Pieces         $0.00       $364.10     256.667 Opn Odd Adj Rect 581'  4"  10'  0"    1
2 Ext Non-Bearing           1 Piece         $0.00        $12.29       8.667 Opn Odd Adj Rect  95'  4"  10'  0"    1
3 Ext Bearing          32 Pieces         $0.00       $364.10     256.667 Opn Odd Adj Rect 581'  4"  11'  4"    1
3 Ext Non-Bearing           1 Piece         $0.00        $12.29       8.667 Opn Odd Adj Rect  95'  4"  11'  4"    1

Material [LINTEL>6'] Totals         101 Pieces         $0.00     $1,149.51     810.333

W12X9 W12x9 I Beam / LinFt       $0.000 8.000    LinFt per PiecePiece
1 Int Flr1 Corridor           2 Pieces         $0.00       $160.77      16.000 Opn Odd Adj Rect 646'  0"   9'  4"    1
2 Ext Bearing           1 Piece         $0.00        $80.39       8.000 Opn Odd Adj Rect 581'  4"  10'  0"    1
2 Int Flr2 Corridor           1 Piece         $0.00        $80.39       8.000 Opn Odd Adj Rect 632'  8"   9'  4"    1
3 Int Flr3 Corridor           1 Piece         $0.00        $80.39       8.000 Opn Odd Adj Rect 632'  8"   9'  4"    1

Material [W12X9] Totals           5 Pieces         $0.00       $401.93      40.000

Class Totals Steel Lintels         108 Pieces         $0.00     $1,569.09     859.667

Classification WEE Plastic Weeps
WEEPVENT Plastic Weep vents / Each       $0.640 Show as EachEach

1 Ext Bearing         798 Each       $541.19        $72.43     797.750 Opn Odd Adj Rect 598'  8"  10'  8"    1
1 Ext Non-Bearing          94 Each        $63.77         $8.53      94.000 Opn Odd Adj Rect  94'  8"  10'  8"    1
1 Ext Stairs          67 Each        $45.45         $6.08      67.000 Odd Adj Rect  90'  0"  10'  8"    1
2 Ext Bearing         804 Each       $545.09        $72.95     803.500 Opn Odd Adj Rect 581'  4"  10'  0"    1
2 Ext Non-Bearing          83 Each        $56.31         $7.54      83.000 Opn Odd Adj Rect  95'  4"  10'  0"    1
2 Ext Stairs          69 Each        $46.81         $6.26      69.000 Odd Adj Rect  92'  8"  10'  0"    1
3 Ext Bearing       1,093 Each       $741.79        $99.27   1,093.438 Opn Odd Adj Rect 581'  4"  11'  4"    1
3 Ext Non-Bearing         155 Each       $104.81        $14.03     154.500 Opn Odd Adj Rect  95'  4"  11'  4"    1
3 Ext Stairs         135 Each        $91.73        $12.28     135.219 Odd Adj Rect  92'  8"  11'  4"    1

Material [WEEPVENT] Totals       3,297 Each     $2,236.96       $299.36   3,297.406

Classification WIR Wire
HDL-841.5 9 Gage Hot Dipped 8-4-1.5 / LinFt       $0.198 Show as LinFtLinFt

1 Ext Bearing       3,956 LinFt       $830.27         $0.00   3,955.932 Opn Odd Adj Rect 598'  8"  10'  8"    1
1 Ext Non-Bearing         667 LinFt       $140.02         $0.00     667.139 Opn Odd Adj Rect  94'  8"  10'  8"    1
1 Ext Stairs         693 LinFt       $145.45         $0.00     693.000 Odd Adj Rect  90'  0"  10'  8"    1
2 Ext Bearing       3,821 LinFt       $801.97         $0.00   3,821.084 Opn Odd Adj Rect 581'  4"  10'  0"    1
2 Ext Non-Bearing         713 LinFt       $149.56         $0.00     712.584 Opn Odd Adj Rect  95'  4"  10'  0"    1
2 Ext Stairs         719 LinFt       $150.83         $0.00     718.667 Odd Adj Rect  92'  8"  10'  0"    1
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3 Ext Bearing       4,461 LinFt       $936.18         $0.00   4,460.566 Opn Odd Adj Rect 581'  4"  11'  4"    1
3 Ext Non-Bearing         818 LinFt       $171.62         $0.00     817.709 Opn Odd Adj Rect  95'  4"  11'  4"    1
3 Ext Stairs         821 LinFt       $172.38         $0.00     821.333 Odd Adj Rect  92'  8"  11'  4"    1

Material [HDL-841.5] Totals      16,668 LinFt     $3,498.28         $0.00  16,668.015

MGL9GA06" 9 Gage Hot Dipped / LinFt       $0.074 Show as LinFtLinFt
1 Int Flr1 6" Partitions 1hr       3,648 LinFt       $286.15         $0.00   3,648.000 Rect 548'  0"   9'  4"    1
2 Int Flr2 6" Partitions 1hr       3,438 LinFt       $269.69         $0.00   3,438.144 Opn Rect 518'  8"   9'  4"    1
3 Int Flr3 6" Partitions 1hr       3,442 LinFt       $270.00         $0.00   3,442.146 Opn Rect 519'  4"   9'  4"    1

Material [MGL9GA06"] Totals      10,528 LinFt       $825.84         $0.00  10,528.291

MGL9GA08" 9 Gage Hot Dipped / LinFt       $0.074 Show as LinFtLinFt
1 Int Flr1 Corridor       3,771 LinFt       $295.76         $0.00   3,770.513 Opn Odd Adj Rect 646'  0"   9'  4"    1
1 Int Flr1 Shear Walls       3,267 LinFt       $256.24         $0.00   3,266.667 Odd Rect 420'  8"  10'  0"    1
1 Int Flr1 Stairs/Elev.         904 LinFt        $70.94         $0.00     904.358 Opn Odd Rect 126'  0"  10'  0"    1
2 Int Flr2 Corridor       3,683 LinFt       $288.89         $0.00   3,682.891 Opn Odd Adj Rect 632'  8"   9'  4"    1
2 Int Flr2 Shear Walls       3,523 LinFt       $276.37         $0.00   3,523.333 Odd Rect 453'  4"  10'  0"    1
2 Int Flr2 Stairs/Elev.         904 LinFt        $70.94         $0.00     904.358 Opn Odd Rect 126'  0"  10'  0"    1
3 Int Flr3 Corridor       3,683 LinFt       $288.89         $0.00   3,682.891 Opn Odd Adj Rect 632'  8"   9'  4"    1
3 Int Flr3 Shear Walls       3,523 LinFt       $276.37         $0.00   3,523.333 Odd Rect 453'  4"  10'  0"    1
3 Int Flr3 Stairs/Elev.         904 LinFt        $70.94         $0.00     904.358 Opn Odd Rect 126'  0"  10'  0"    1

Material [MGL9GA08"] Totals      24,163 LinFt     $1,895.32         $0.00  24,162.703

Class Totals Wire      51,359 LinFt     $6,219.44         $0.00  51,359.009
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Production
Ratio to Production Masons of

Prod-Mason Cost Per Day ExtendedCost Per Day
ID Description

Crew
Crew Section

Tender/
OtherMasons SuperDays LayoutDays SawWhole Crew Labor CostPer Prod-Mason

B Lansing Jackson Brick crew        8.50        255.7    $3,086.79       $363.15      30.081     $92,854.32    0.12    0.03    0.06    0.86
C Lansing Jackson Caulk crew        2.00         30.7      $416.70       $208.35      15.359      $6,399.90
L Lansing Jackson crew        8.00        523.3    $3,086.79       $385.85      65.410    $201,906.02    0.13    0.03    0.13    0.92
P Lansing Jackson Plank Crew        4.00         25.7    $1,396.32       $349.08       6.437      $8,987.54    0.13    0.78

Lay Crew Totals        835.4      117.286    $310,147.77

1 Lansing pointing/patching crew        4.00         17.6      $833.40       $208.35       4.403      $3,669.17

All Crew Totals        853.0      121.689    $313,816.94

Totals by Labor ID
Estimated

ID Hours Base Fringe Burden Total Cost / Hour
BL Lansing 10     7,467.94    $164,294.57          $0.00     $30,197.34     $194,491.92       $26.04
BLF-Lansing 10       789.67     $19,741.83          $0.00      $3,628.55      $23,370.38       $29.60
LB-Lansing 10     4,686.55     $65,611.65          $0.00     $12,059.42      $77,671.07       $16.57
LBF-Lansing 10       917.35     $15,492.97          $0.00      $2,790.61      $18,283.58       $19.93

   13,861.50    $265,141.02          $0.00     $48,675.92       $22.64    $313,816.94

Totals by Equipment ID
ID Description Cost Days Cost / Day

Lift Caulking Lift  Caulking     $1,535.86         15.359      $100.00
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Costs & Taxes Overhead Totals % of BidProfit OH + Profit
Material Costs        $691,998.93
Misc. Taxable Costs              $0.00
Taxable Sub-Total        $691,998.93

 0.00%
           $0.00

 6.000%Tax         $41,519.94  0.00%
           $0.00Material + Misc. Taxable Costs + Tax        $733,518.87              $0.00     $733,518.87   64.4%

Base        $265,141.02
Fringe   0.000%              $0.00

25.00%
      $78,454.23

Burden  18.359%         $48,675.92  0.00%
           $0.00Crew Labor Cost        $313,816.94         $78,454.23     $392,271.17   34.4%

 0.00%
           $0.00

 0.00%
           $0.00

Subbed Out
Cleaning Cost         $11,723.45              $0.00      $11,723.45    1.0%

 0.00%
           $0.00

 0.00%
           $0.00Equipment          $1,535.86              $0.00       $1,535.86    0.1%

Mobilization              $0.00
Crane(Plank)              $0.00

             $0.00
             $0.00
             $0.00
             $0.00

Misc. Sub-Total              $0.00
 0.00%

           $0.00
 0.00%

           $0.00              $0.00           $0.00

  7.40%   7.40%Percent of Cost

Average Cost Per Square Foot

        $78,454.23              $0.00Grand Totals        $1,060,595.11          $78,454.23

Bid Price
      $1,139,049.35

         68,959.35

Total Square Feet

             $15.38

Without Misc. or  OH&P

             $16.52

With Misc. and OH&P

Air Barrier and Terminations Included
8" Precast Hollow Core Plank Furnished and Installed
Caulking of Masonry CJs/Ejs Included
FIre Caulking/Fire Safing of Masonry walls included
Loose Steel Galv. Lintels Furnished and Installed 

Project Notes:



Given the current state of the economy, it is more important than
ever to be frugal. Commercial, institutional and municipal build-
ing owners have heightened concerns about saving energy, main-
tenance dollars and following environmentally responsible prac-
tices, both initially and over the lives of their investments. With
today’s technology and energy supply and demand, the viable
solution has become loadbearing masonry, both for initial con-
struction cost savings, energy savings and to produce a higher
quality system that benefits owners and occupants for life. All at
a lower cost. Of all the masonry wall systems available to design-
ers and builders today, the loadbearing insulated multi-wythe
cavity wall system is the best bargain for the money. This article
reveals the bottom line of the loadbearing multi-wythe cavity
masonry wall system based on performance relative to conden-
sation potential and initial construction cost compared to three
metal stud wall systems: 

1. masonry veneer and metal studs with batt insulation
2. masonry veneer and metal studs with batt and rigid 

insulation
3. masonry veneer and metal studs with rigid insulation.

The paradigm shift is to loadbearing masonry for all its worth:
enclosure and finish, sustainability, lateral load resistance, low
maintenance, durability, LEED points, sound transmission resist-
ance, fire resistance, loadbearing resistance, low initial and life
cycle costs, structural redundancy, water resistance, mold resist-
ance, thermal resistance. Take advantage of all this added value!

Condensation potential 
Energy conservation for the design of buildings is a prime con-
cern, especially considering today’s high cost of energy and the
environmental shift toward saving our natural resources. In addi-
tion there are minimum building code requirements to meet.
Thermal transmission through a masonry wall system will occur
to varying degrees depending on the components making up the
wall system. Some components, such as masonry materials, have
low conductivity values while
others, like metal studs, have
high conductivity values. Metal
studs act as a thermal bridge pro-
viding a path for thermal trans-
mission (heat loss) from the con-
trolled interior environment to
the exterior environment. For
example, a typical building may
have an interior temperature of
70°F and an exterior tempera-
ture of 0°F in the winter. When
there is a temperature differen-
tial along with humidity, there is
potential for condensation occur-
ring at the dewpoint. 

According to the National
Concrete Masonry Association,
“The amount of water vapor in
the air is typically measured by relative humidity, which is the
ratio of the amount of water vapor in the air at a given temper-
ature (partial water vapor pressure) to the ultimate amount it can
hold in vapor form at that temperature (the saturation water
vapor pressure)… When warm moist air comes into contact with
a cold surface, the air cools and can no longer hold all of its
water vapor. The excess moisture condenses out of the air and
deposits on the cold surface… Two barrier-type products are
used to reduce moisture flow through a wall: airflow retarders
and water vapor retarders. Airflow retarders are designed to
reduce airflow and thereby the associated heat and moisture
flows… Water vapor retarders are designed to restrict water
vapor flow by diffusion.”1 Whether the backup to the masonry

COMPARISON OF CMU BACKUP AND METAL STUD BACKUP FOR CONDENSATION POTENTIAL AND
INITIAL CONSTRUCTION COST REVEALS CMU TO BE THE BEST CHOICE BY DAN ZECHMEISTER, PE

Learning Objectives
After reading this article, you will have learned:

1. How four masonry wall systems compare for condensation potential

2. How four masonry wall systems compare for initial construction costs

3. There are many advantages and benefits to a loadbearing multi-wythe

cavity masonry wall system in addition to condensation potential and 

initial construction cost

See page 98 for test and answer form.
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Loadbearing Masonry’s
Bottom Line

If condensation is occurring
in the metal stud space,
corrosion is likely on the
metal studs, on brick-tie

connections to the studs and
on the threads of the fastener
screws. If batt insulation gets
wet, its R-value decreases. If
the wallboard gets wet, there

is a potential for mold to have
an impact on the building

with its indoor air quality and
the health of its occupants.

 



veneer is block or metal stud, the backup is the structural com-
ponent of the wall assembly. It is critical for the backup to
remain as dry as possible! 

When metal stud was first introduced as a backup material
for masonry veneer in the 1960s, it was common to see batt insu-

lation placed between the metal
studs. In the first two decades of
use, it was not uncommon for
proponents of the system to state
that it offered a higher R-value.
They promoted, for example, a
thermal resistance of R-19, plac-
ing 51⁄2˝ to 61⁄2˝ of batt insula-
tion between 6˝ metal studs. A

critical examination of the thermal transmission of this system
reveals that the insulation envelope is interrupted with metal
studs acting as thermal bridges. Table 1 illustrates the R-value
correction factors implemented as a result. The table shows the
effective framing/cavity R-value for R-19 insulation placed
between 6˝ metal studs placed 16˝ oc is R-7.1. This subsequent
correction of the effective R-value represents a significant 63%
reduction in the energy envelope resistance. This reduction will
certainly affect the building owners’ fuel costs especially if the
capacity of the mechanical heating and cooling equipment was
calculated based on the wall system having at least an R-value of
R-19. Just as critical as the simultaneous heat loss through the
metal studs is the potential for condensation occurring at the
dewpoint. 

BATT INSULATION PLACED BETWEEN METAL STUDS (SYSTEM 1)
Metal stud backup with batt insulation was first introduced
more than 40 years ago and, though energy inefficient, it is still
being used today. A dewpoint analysis2 was performed for 6˝
studs with R-19 batt insulation placed between the metal studs,
(Figure 1). In addition, a vapor barrier was placed on the inte-
rior side of the batt insulation with a moisture barrier placed
over the exterior sheathing. The criteria used for temperature
and humidity for the Detroit area was:

TEMPERATURE HUMIDITY

WINTER — INTERIOR 70°F 30%

WINTER — EXTERIOR 0°F 55%

SUMMER — INTERIOR 70°F 40%

SUMMER — EXTERIOR 90°F 90%

In Figure 2 (page 40), the dewpoint is occurring in the summer-
time within the metal stud cavity space. Once again, not only has
the effective R-value of the system been dramatically reduced, but
simultaneously, the dewpoint is occurring within the metal stud
cavity space. Based on the summertime conditions presented:

with batt insulation placed between the metal studs, and with
an interior side vapor barrier, the wall system is not effective
in controlling the dewpoint.

BATT INSULATION PLACED BETWEEN METAL STUDS WITH
CONTINUOUS RIGID INSULATION IN THE CAVITY (SYSTEM 2)
ASHRAE Standard 90.1 includes three options for demonstrat-
ing energy code compliance: 1) prescriptive, 2) system perform-
ance and 3) energy cost budget. ASHRAE prescribes that metal
stud walls have a minimum R-13 plus R-3.8 continuous insula-
tion. A dewpoint analysis2 was performed for Figure 3 for the

MASONRY RESOURCE GUIDE 2008 the story pole 39

NOMINAL FRAMING “LABELED” BATT “EFFECTIVE” R-VALUE WALL THERMAL 
DEPTH & SPACING INSULATION R-VALUE W/BATT INSULATION EFFICIENCY

(between steel studs) & STEEL STUDS1

4˝ @ 16˝ on center R-11 5.5 50%

R-13 6.0 46%

R-15 6.4 43%

4˝ @ 24˝ on center R-11 6.6 60%

R-13 7.2 55%

R-15 7.8 52%

6˝ @ 16˝ on center R-19 7.1 37%

R-21 7.4 35%

6˝ @ 24˝ on center R-19 8.6 45%

R-21 9.0 43%

1 Data Source: ASHRAE/EIS Standard 90.1–2004, Appendix A.

Table 1. Effective R-value with batt insulation and steel studs

Figure 1. 6 inch metal studs with batt insulation (system 1)

1 National Concrete Masonry Association NCMA, TEK 6-17A (2000), “Condensation Control in Concrete Masonry Walls”: pages 1-2.
2 Brick Industry Association, “Technical Notes on Brick Construction, 28B Brick Veneer/Steel Stud Walls,” Dec 2005: page 5.

continued on page 42

Just as critical as the
simultaneous heat loss
through the metal studs is
the potential for condensation
occurring at the dewpoint. 

Figure 3. 6 inch metal studs with batt and rigid insulation (system 2)
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Distance from Interior (in inches)

A B

Metal Stud Brick

C D E F G H I
Actual Temperature
Dewpoint Temperature

Conditions:
Interior Exterior

Temperature 70.0 90.0
Humidity  40.0 90.0

Dewpoint theory predicts 
condensation in a system at any
point where the actual and 
dewpoint temperature lines cross.

 COMPONENT NAME THICKNESS R-VALUE REP

A Interior Air Film 0.100 0.68 0.001

B Drywall .625 in 0.625 0.56 0.023

C Polyethylene 6 mil 0.006 0.01 17.000

D Steel Stud 6.000 19.00 0.002

E DENS-GLASS Gold .625 in 0.625 0.67 0.083

F WEATHERMATE Plus Hswrp 0.010 0.01 0.150

G Wall Air Space NonRefl 2.000 3.64 0.016

H Brick Face 4 in 4.000 0.80 1.300

I Out Air Film Summer 0.100 0.25 0.001

Total 13.466 25.62 18.576

-A 70.00 44.59 0.000

AB 70.53 44.60 0.000

BC 70.97 44.71 0.000

CD 70.98 84.62 *0.017

DE 85.81 84.62 0.000

EF 86.33 84.74 0.000

FG 86.34 84.94 0.000

GH 89.18 84.97 0.000

HI 89.80 86.70 0.000

IJ 90.00 86.70 0.000

INTERFACE Actual Dewpoint (oz/day-sf)
TEMPERATURE ACCUM

* indicates area of condensation potential

Notice: This calculation is based on
the theory of Water Vapor 
Migration presented in the ASHRAE
1993 Fundamentals Handbook. 
Actual performance may vary 
depending upon air infiltration, 
workmanship and building 
materials. Since the information is
provided without charge, The Dow 
Chemical Company assumes no 
obligation or liability for its use.

DEWPOINT
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Metal Stud Brick

A B C D E F G H I

Actual Temperature
Dewpoint Temperature

Conditions:
Interior Exterior

Temperature 70.0   0.0
Humidity  30.0 55.0

Dewpoint theory predicts 
condensation in a system at any
point where the actual and 
dewpoint temperature lines cross.

 COMPONENT NAME THICKNESS R-VALUE REP

A Interior Air Film 0.100 0.68 0.001

B Drywall .625 in 0.625 0.56 0.023

C Polyethylene 6 mil 0.006 0.01 17.000

D Steel Stud 6.000 19.00 0.002

E DENS-GLASS Gold .625 in 0.625 0.67 0.083

F WEATHERMATE Plus Hswrp 0.010 0.01 0.150

G Wall Air Space NonRefl 2.000 3.64 0.016

H Brick Face 4 in 4.000 0.80 1.300

I Out Air Film Winter 0.100 0.17 0.001

 Total 13.466 25.54 18.576

-A 70.00 37.28 0.000

AB 68.14 37.28 0.000

BC 66.60 37.25 0.000

CD 66.57 -0.03 0.000

DE 14.50 -0.04 0.000

EF 12.66 -0.50 0.000

FG 12.64 -1.36 0.000

GH 2.66 -1.45 0.000

HI 0.47 -10.97 0.000

IJ 0.00 -10.98 0.000

INTERFACE Actual Dewpoint (oz/day-sf)
TEMPERATURE ACCUM

* indicates area of condensation potential

Notice: This calculation is based on
the theory of Water Vapor 
Migration presented in the ASHRAE
1993 Fundamentals Handbook. 
Actual performance may vary 
depending upon air infiltration, 
workmanship and building 
materials. Since the information is
provided without charge, The Dow 
Chemical Company assumes no 
obligation or liability for its use.

Figure 2 (summer). 6 inch metal
studs with batt insulation (system 1)

Figure 2 (winter). 6 inch metal studs 
with batt insulation (system 1)
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C D E F G H I Actual Temperature
Dewpoint Temperature

Conditions:
Interior Exterior

Temperature 70.0 90.0
Humidity  40.0 90.0

Dewpoint theory predicts 
condensation in a system at any
point where the actual and 
dewpoint temperature lines cross.

 COMPONENT NAME THICKNESS R-VALUE REP

A Interior Air Film 0.100 0.68 0.001

B Drywall .625 in 0.625 0.56 0.023

C Steel Stud 6.000 19.00 0.002

D DENS-GLASS Gold .625 in 0.625 0.67 0.083

E Procor Vapor Barrier 0.065 0.01 12.500

F Cavitymate Insulation 2.000 10.00 1.800

G Wall Air Space NonRefl 2.000 3.64 0.016

H Brick Face 4 in 4.000 0.80 1.300

I Out Air Film Summer 0.100 0.25 0.001

 Total 15.515 35.61 15.726

-A 70.00 44.59 0.000

AB 70.38 44.60 0.000

BC 70.70 44.73 0.000

CD 81.37 44.74 0.000

DE 81.74 45.19 0.000

EF 81.75 81.55 0.000

FG 87.37 84.62 0.000

GH 89.41 84.64 0.000

HI 89.86 86.70 0.000

IJ 90.00 86.70 0.000

INTERFACE Actual Dewpoint (oz/day-sf)
TEMPERATURE ACCUM

* indicates area of condensation potential

Notice: This calculation is based on
the theory of Water Vapor 
Migration presented in the ASHRAE
1993 Fundamentals Handbook. 
Actual performance may vary 
depending upon air infiltration, 
workmanship and building 
materials. Since the information is
provided without charge, The Dow 
Chemical Company assumes no 
obligation or liability for its use.

-20

-10

0

10

20

30

40

50

60

70

80

Te
m

pe
ra

tu
re

(D
eg

re
es

F)

A

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Distance from Interior (in inches)

Metal Stud Brick

B C D E F G H I

Actual Temperature
Dewpoint Temperature

Conditions:
Interior Exterior

Temperature 70.0   0.0
Humidity  30.0 55.0

Dewpoint theory predicts 
condensation in a system at any
point where the actual and 
dewpoint temperature lines cross.

 COMPONENT NAME THICKNESS R-VALUE REP

A Interior Air Film 0.100 0.68 0.001

B Drywall .625 in 0.625 0.56 0.023

C Steel Stud 6.000 19.00 0.002

D DENS-GLASS Gold .625 in 0.625 0.67 0.083

E Procor Vapor Barrier 0.065 0.01 12.500

F Cavitymate Insulation 2.000 10.00 1.800

G Wall Air Space NonRefl 2.000 3.64 0.016

H Brick Face 4 in 4.000 0.80 1.300

I Out Air Film Winter 0.100 0.17 0.001

Total 15.515 35.53 15.726

-A 70.00 37.28 0.000

AB 68.66 37.28 0.000

BC 67.56 37.24 0.000

CD 30.12 37.24 *0.119

DE 28.80 37.12 *0.033

EF 28.78 9.27 0.000

FG 9.08 -0.01 0.000

GH 1.91 -0.11 0.000

HI 0.33 -10.97 0.000

IJ 0.00 -10.98 0.000

INTERFACE Actual Dewpoint (oz/day-sf)
TEMPERATURE ACCUM

* indicates area of condensation potential

Notice: This calculation is based on
the theory of Water Vapor 
Migration presented in the ASHRAE
1993 Fundamentals Handbook. 
Actual performance may vary 
depending upon air infiltration, 
workmanship and building 
materials. Since the information is
provided without charge, The Dow 
Chemical Company assumes no 
obligation or liability for its use.

DEWPOINT
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Figure 4 (summer). 6 inch metal
studs with batt and rigid insulation
(system 2)

Figure 4 (winter). 6 inch metal
studs with batt and rigid insulation
(system 2) 
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following system consisting of 6˝ studs with R-19 batt insulation
placed between the studs, R-10 continuous rigid insulation in the
cavity and with a moisture/vapor barrier. The moisture/vapor
barrier was placed on the interior side of the continuous rigid
insulation. According to the Brick Industry Association, “Water-
resistant barriers are membranes which prevent liquid water
from passing through them. These are different from vapor
retarders, intended to prevent water vapor diffusion, and air bar-
riers, intended to prevent air flow through the wall system. Such
a membrane should be located between the air space and the
sheathing or between the rigid insulation and the sheathing…” 2

In Figure 4 (page 41), the dewpoint is occurring in the winter-
time in the metal stud cavity space. Based on the wintertime
conditions presented; with batt insulation placed between the
metal studs, with continuous rigid insulation in the cavity,
and with a moisture/vapor barrier, the wall system is not
effective in controlling the dewpoint.

METAL STUDS WITH CONTINUOUS RIGID INSULATION IN THE
CAVITY (SYSTEM 3)
A dewpoint analysis2 was performed for Figure 5 for the fol-
lowing system consisting of 6˝ studs with R-10 continuous rigid
insulation in the cavity and with a moisture/vapor barrier. The
moisture/vapor barrier was placed on the interior side of the
continuous rigid insulation. In Figure 6 (page 43), with a mois-
ture/vapor barrier, the dewpoint is occurring in the summer-
time in the rigid insulation. Based on summertime conditions
presented; with continuous rigid insulation in the cavity and
with a moisture/vapor barrier, the wall system is not effec-
tive in controlling the dewpoint. 

MULTI-WYTHE MASONRY CAVITY WALL
For a loadbearing multi-wythe masonry cavity wall with rigid
insulation placed between the brick and block wythes, shown
in Figure 7, a dewpoint analysis 2 was performed for 8˝ block
with R-10 continuous rigid insulation in the cavity and no vapor
barrier. In Figure 8 (page 44), with no vapor barrier, the dew-
point is occurring in the wintertime in the drainage cavity,
which is designed to accommodate moisture. Based on the win-
tertime conditions presented with continuous rigid insulation
in the cavity, the loadbearing multi-wythe masonry wall sys-
tem is effective in controlling the dewpoint.

Irrespective of whether the backup to the masonry veneer
is block or metal stud, it is the structural component of the wall
assembly and it is crucial to keep it as dry as possible. If 
condensation is occurring in the metal stud space, corrosion is
likely on the metal studs, on brick-tie connections to the studs
and on the threads of the fastener screws. If batt insulation gets
wet, its R-value decreases. If the wallboard gets wet, there is a
potential for mold to have an impact on the building with its
indoor air quality and the health of its occupants.

Initial construction cost comparison
ESTIMATE
A comparison of the initial construction cost per wall square foot
of the masonry veneer and metal stud systems with the load-
bearing multi-wythe cavity wall was performed. For an unbiased
cost comparison, RS Means 2007 Concrete & Masonry Cost
Data, 25th Annual Edition, and the RS Means 2007 Building
Construction Cost Data, 65th Annual Edition, were used. To per-
form the cost analysis, the 2007 Means Cost Works was used
incorporating the “Estimator” option based on a US National
Average. The US National Average is the average of 30 major US
cities including Detroit. 

SYSTEM DESCRIPTIONS
For the initial construction cost comparison, masonry veneer and
metal stud wall systems consist of the following components:
brick veneer, brick veneer expansion joints, drainage cavity,
flashing and weep holes, rigid insulation, moisture and vapor
barrier(s), exterior sheathing, metal studs, batt insulation,
adjustable brick ties, interior wall board, perimeter steel beam,
perimeter steel column, concrete column pier, concrete spread
footing and a concrete foundation wall (see Tables 2, 3 and 4). 

Brick used meets ASTM C216 specification for face brick,
grade SW for severe weathering. Brick expansion joints are
placed every 20´ oc. Code 3 requires a minimum 1˝ drainage cav-
ity, but 2˝ is suggested for a more effective drainage cavity.
Flashing and weep holes are placed at the base of the wall and
2˝ of R-10 rigid insulation is used. Applied sheet membrane
(moisture/vapor barrier) is placed over a water resistant exterior
sheathing in Systems 2 and 3. A plastic sheet (vapor barrier) is
placed on the interior side of the batt insulation along with a

LOADBEARING MASONRY’S BOTTOM LINE

Figure 5. 6 inch metal studs with rigid insulation (system 3)

Figure 7. 8 inch block with rigid insulation

3 Building Code Requirements for Masonry Structures (ACI 530-02/ASCE 5-02/TMS 402-02) and Specification for Masonry Structures (ACI 530.1-02/ASCE 6-02/TMS 602-02).

continued on page 48

continued from page 39
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C D E F G H I Actual Temperature
Dewpoint Temperature

Conditions:
Interior Exterior

Temperature 70.0 90.0
Humidity  40.0 90.0

Dewpoint theory predicts 
condensation in a system at any
point where the actual and 
dewpoint temperature lines cross.

 COMPONENT NAME THICKNESS R-VALUE REP

A Interior Air Film 0.100 0.68 0.001

B Drywall .625 in 0.625 0.56 0.023

C Steel Stud 6.000 0.02 0.002

D DENS-GLASS Gold .625 in 0.625 0.67 0.083

E Procor Vapor Barrier 0.065 0.01 12.500

F Cavitymate Insulation 2.000 10.00 1.800

G Wall Air Space NonRefl 2.000 3.64 0.016

H Brick Face 4 in 4.000 0.80 1.300

I Out Air Film Summer 0.100 0.17 0.001

Total 15.515 16.55 15.726

-A 70.00 44.59 0.000

AB 70.82 44.60 0.000

BC 71.50 44.73 0.000

CD 71.52 44.74 0.000

DE 72.33 45.19 0.000

EF 72.34 81.55 *0.006

FG 84.43 84.62 *0.000

GH 88.83 84.64 0.000

HI 89.79 86.70 0.000

IJ 90.00 86.70 0.000

INTERFACE Actual Dewpoint (oz/day-sf)
TEMPERATURE ACCUM

* indicates area of condensation potential

Notice: This calculation is based on
the theory of Water Vapor 
Migration presented in the ASHRAE
1993 Fundamentals Handbook. 
Actual performance may vary 
depending upon air infiltration, 
workmanship and building 
materials. Since the information is
provided without charge, The Dow 
Chemical Company assumes no 
obligation or liability for its use.

DEWPOINT
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Metal Stud Brick

B C D E F G H I

Actual Temperature
Dewpoint Temperature

Conditions:
Interior Exterior

Temperature 70.0   0.0
Humidity  30.0 55.0

Dewpoint theory predicts 
condensation in a system at any
point where the actual and 
dewpoint temperature lines cross.

 COMPONENT NAME THICKNESS R-VALUE REP

A Interior Air Film 0.100 0.68 0.001

B Drywall .625 in 0.625 0.56 0.023

C Steel Stud 6.000 0.02 0.002

D DENS-GLASS Gold .625 in 0.625 0.67 0.083

E Procor Vapor Barrier 0.065 0.01 12.500

F Cavitymate Insulation 2.000 10.00 1.800

G Wall Air Space NonRefl 2.000 3.64 0.016

H Brick Face 4 in 4.000 0.80 1.300

I Out Air Film Winter 0.100 0.17 0.001

 Total 15.515 16.55 15.726

-A 70.00 37.28 0.000

AB 67.12 37.28 0.000

BC 64.76 37.24 0.000

CD 64.67 37.24 0.000

DE 61.84 37.12 0.000

EF 61.79 9.27 0.000

FG 19.50 -0.01 0.000

GH 4.10 -0.11 0.000

HI 0.72 -10.97 0.000

IJ 0.00 -10.98 0.000

INTERFACE Actual Dewpoint (oz/day-sf)
TEMPERATURE ACCUM

* indicates area of condensation potential

Notice: This calculation is based on
the theory of Water Vapor 
Migration presented in the ASHRAE
1993 Fundamentals Handbook. 
Actual performance may vary 
depending upon air infiltration, 
workmanship and building 
materials. Since the information is
provided without charge, The Dow 
Chemical Company assumes no 
obligation or liability for its use.

Figure 6 (summer). 6 inch metal
studs with rigid insulation (system 3)

Figure 6 (winter). 6 inch metal studs
with rigid insulation (system 3)
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Conditions:
Interior Exterior

Temperature 70.0 90.0
Humidity  40.0 90.0

Dewpoint theory predicts 
condensation in a system at any
point where the actual and 
dewpoint temperature lines cross.

 COMPONENT NAME THICKNESS R-VALUE REP

A Interior Air Film 0.100 0.68 0.001

B Block Cinder Agg 8 in 8.000 1.70 0.400

C Cavitymate Insulation 2.000 10.00 1.800

D Wall Air Space NonRefl 2.000 3.64 0.016

E Brick Face 4 in 4.000 0.80 1.300

F Out Air Film Summer 0.100 0.25 0.001

 Total 16.200 17.07 3.518

-A 70.00 44.59 0.000

AB 70.80 44.62 0.000

BC 72.79 53.14 0.000

CD 84.50 76.22 0.000

DE 88.77 76.37 0.000

EF 89.71 86.70 0.000

FG 90.00 86.70 0.000

INTERFACE Actual Dewpoint (oz/day-sf)
TEMPERATURE ACCUM

* indicates area of condensation potential

Notice: This calculation is based on
the theory of Water Vapor 
Migration presented in the ASHRAE
1993 Fundamentals Handbook. 
Actual performance may vary 
depending upon air infiltration, 
workmanship and building 
materials. Since the information is
provided without charge, The Dow 
Chemical Company assumes no 
obligation or liability for its use.
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Actual Temperature
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Conditions:
Interior Exterior

Temperature 70.0   0.0
Humidity  30.0 55.0

Dewpoint theory predicts 
condensation in a system at any
point where the actual and 
dewpoint temperature lines cross.

 COMPONENT NAME THICKNESS R-VALUE REP

A Interior Air Film 0.100 0.68 0.001

B Block Cinder Agg 8 in 8.000 1.70 0.400

C Cavitymate Insulation 2.000 10.00 1.800

D Wall Air Space NonRefl 2.000 3.64 0.016

E Brick Face 4 in 4.000 0.80 1.300

F Out Air Film Winter 0.100 0.17 0.001

Total 16.200 16.99 3.518 

-A 70.00 37.28 0.000

AB 67.20 37.27 0.000

BC 60.19 34.59 0.000

CD 18.99 18.60 0.000

DE 4.00 18.40 *0.003

EF 0.70 -10.93 0.000

FG 0.00 -10.98 0.000

INTERFACE Actual Dewpoint (oz/day-sf)
TEMPERATURE ACCUM

* indicates area of condensation potential

Notice: This calculation is based on
the theory of Water Vapor 
Migration presented in the ASHRAE
1993 Fundamentals Handbook. 
Actual performance may vary 
depending upon air infiltration, 
workmanship and building 
materials. Since the information is
provided without charge, The Dow 
Chemical Company assumes no 
obligation or liability for its use.

DEWPOINT

Figure 8 (summer). 8 inch block
with rigid insulation

Figure 8 (winter). 8 inch block with 
rigid insulation

D E WP O I NT ANALYS IS



LINE NUMBER DESCRIPTION CREW DAILY LABOR QUANTITY UNIT EXT. EXT. EXT. EXT. EXT. TOTAL
OUTPUT HOURS MATERIAL LABOR EQUIPMENT TOTAL INCL O&P

042113132020 Red brick, veneer, running bond, T.L. lots, D8 220.00 0.182 450.00 S.F. $1,732.50 $2,812.50 $4,545.00 $6,186.38
6.75/S.F., 4˝ x 2-2/3˝ x 8˝, includes 3% brick 
and 25% mortar waste, excludes scaffolding, 
grout and reinforcing

079210100050 Caulking & Sealants, backer rod, 1 Bric 4.60 1.739 0.23 C.L.F. $1.40 $15.18 $16.58 $24.84
polyethylene, 1/2˝ dia

079210101800 Caulking & Sealants, butyl based, bulk, 1 Bric 180.00 0.044 22.50 L.F. $6.98 $38.03 $45.00 $65.47
in place, 77 LF per gallon, 1/2˝ x 1/2˝

076513103700 Flexible Flashing, copper, mastic-backed 1 Rofc 330.00 0.024 50.00 S.F. $126.00 $38.50 $164.50 $204.01
2 sides, 5 ounce

072610100900 Building Paper, polyethylene vapor barrier, 1 Carp 37.00 0.216 4.50 Sq. $21.06 $35.78 $56.84 $78.76
standard, .006˝ thick, 9´ x 400´ roll

072610100480 Building Paper, vapor barrier, housewrap, 1 Carp 4,000.00 0.002 450.00 S.F. $58.50 $31.50 $90.00 $112.51
exterior, spun bonded polypropylene, 
large roll

061636102850 1/2˝ gypsum sheathing, weatherproof 2 Carp 1,125.00 0.014 450.00 S.F. $279.00 $234.00 $513.00 $670.54

040519160570 Adjustable wall ties, anchor and tie, 1 Bric 1.05 7.619 0.17 M $144.59 $49.30 $193.89 $232.50
rectangular, mill galvanized, 4-1/8˝ wide, 
3/16˝ wire, 4-3/4˝ eye, 4-3/4˝ tie
(Adjusted by 040519164750)

040519164750 Wall tie channel slot anchor, C
for hot dip galvanized, add

054113307400 Partition, galv LB studs, 16 ga x 6˝ W studs 2 Carp 48.00 0.333 30.00 L.F. $720.00 $367.50 $1,087.50 $1,349.87
16˝ O.C. x 16´ H, incl galv top & bottom track,
excl openings, headers, beams, 
bracing & bridging

072116200860 Fiberglass insulation, unfaced, batts or 1 Carp 1,150.00 0.007 405.00 S.F. $230.85 $105.30 $336.15 $417.15
blankets for walls or ceilings, 6˝ thick,
R19, 15˝ wide

092910302050 Gypsum wallboard, on walls, standard, 2 Carp 965.00 0.017 442.00 S.F. $190.06 $269.62 $459.68 $627.52 
taped & finished (level 4 finish), 5/8˝ thick

051223753300 Structural steel member, 100-ton project, E5 960.00 0.083 30.00 L.F. $1,422.00 $102.00 $51.90 $1,575.90 $1,805.71 
1 to 2 story building, W18x35, A992 steel, 
shop fabricated, incl shop primer,
bolted connections
(Adjusted by 051223758492)

054113304340 Partition, galv LB studs, 2 Carp 66.00 0.242 5.61 L.F. $56.38 $49.93 $106.31 $140.26
16 ga x 3-5/8˝ W studs 16˝ O.C. x 8´ H, 
incl galv top & bottom track, excl openings, 
headers, beams, bracing & bridging

072116200820 Fiberglass insulation, unfaced, batts or 1 Carp 1,350.00 0.006 45.00 S.F. $16.20 $9.90 $26.10 $33.30
blankets for walls or ceilings, 3-1/2˝ thick, 
R11, 15˝ wide

051223750360 Structural steel member, 100-ton project, E2 550.00 0.102 15.00 L.F. $486.00 $61.65 $42.15 $589.80 $689.10
1 to 2 story building, W8x24, A992 steel, 
shop fabricated, incl shop primer, bolted 
connections (Adjusted by 051223758492)

051223758492 Structural steel member, 1 to 2 story building, L.F.
shop fabricated, for projects 50 to 74 tons, add

092910301550 Gypsum wallboard, on beams, columns, 2 Carp 475.00 0.034 13.10 S.F. $4.72 $16.24 $20.96 $30.40
or soffits, taped & finished (level 4 finish), 
1/2˝ thick

051223401330 Cross bracing angles, to reinforce E3 2,800.00 0.009 206.00 Lb. $253.38 $74.16 $8.24 $335.78 $422.31
structural framing, 5˝x5˝x3/8˝, shop 
fabricated, incl shop primer, fasteners

033053400700 Structural concrete, in place, column, square, C14A 11.96 16.722 0.13 C.Y. $42.90 $79.95 $7.93 $130.78 $181.99
min reinforcing, 12˝ x 12˝, includes forms 
(4 uses), reinforcing steel, and finishing

033053403850 Structural concrete, in place, spread footing, C14C 81.04 1.382 0.33 C.Y. $88.58 $16.15 $0.09 $104.82 $123.21
over 5 C.Y., includes forms (4 uses), 
reinforcing steel & finishing

033053404300 Structural concrete, in place, grade wall, C14D 80.02 2.499 4.70 C.Y. $709.70 $430.05 $42.77 $1,182.52 $1,504.19
15˝ thick x 8´ high, includes forms (4 uses), 
reinforcing steel, and finishing

$6,590.80 $4,837.24 $153.08 $11,581.11 $14,900.02

Table 2. 6 inch metal studs with batt insulation cost estimate (system 1). Source: Unit. Type: Union. Release: 2007.
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LINE NUMBER DESCRIPTION CREW DAILY LABOR QUANTITY UNIT EXT. EXT. EXT. EXT. EXT. TOTAL
OUTPUT HOURS MATERIAL LABOR EQUIPMENT TOTAL INCL O&P

042113132020 Red brick, veneer, running bond, T.L. lots, D8 220.00 0.182 450.00 S.F. $1,732.50 $2,812.50 $4,545.00 $6,186.38
6.75/S.F., 4˝ x 2-2/3˝ x 8˝, includes 3% brick
and 25% mortar waste, excludes scaffolding,
grout and reinforcing

079210100050 Caulking & Sealants, backer rod, polyethylene, 1 Bric 4.60 1.739 0.23 C.L.F. $1.40 $15.18 $16.58 $24.84
1/2˝ dia

079210101800 Caulking & Sealants, butyl based, bulk, 1 Bric 180.00 0.044 22.50 L.F. $6.98 $38.03 $45.00 $65.47
in place, 77 LF per gallon, 1/2˝ x 1/2˝

076513103700 Flexible Flashing, copper, mastic-backed 1 Rofc 330.00 0.024 50.00 S.F. $126.00 $38.50 $164.50 $204.01
2 sides, 5 ounce

072113101940 Extruded polystyrene insulation, rigid, 1 Carp 730.00 0.011 450.00 S.F. $445.50 $180.00 $625.50 $773.91
for walls, 25 PSI compressive strength, 
2˝ thick, R10

071353100090 Elastomeric Waterproofing, EPDM, plain, 2 Rofc 580.00 0.028 450.00 S.F. $463.50 $396.00 $859.50 $1,179.09
45 mils thick

061636102850 1/2˝ gypsum sheathing, weatherproof 2 Carp 1,125.00 0.014 450.00 S.F. $279.00 $234.00 $513.00 $670.54

040519160570 Adjustable wall ties, anchor and tie, 1 Bric 1.05 7.619 0.17 M $144.59 $49.30 $193.89 $232.50
rectangular, mill galvanized, 4-1/8˝ wide, 
3/16˝ wire, 4-3/4˝ eye, 4-3/4˝ tie
(Adjusted by 040519164750)

040519164750 Wall tie channel slot anchor, for hot dip C
galvanized, add

054113307400 Partition, galv LB studs, 16 ga x 6˝ W studs 2 Carp 48.00 0.333 30.00 L.F. $720.00 $367.50 $1,087.50 $1,349.87
16˝ O.C. x 16´ H, incl galv top & bottom track, 
excl openings, headers, beams, bracing 
& bridging

072116200860 Fiberglass insulation, unfaced, batts or 1 Carp 1,150.00 0.007 405.00 S.F. $230.85 $105.30 $336.15 $417.15
blankets for walls or ceilings, 6˝ thick, R19, 
15˝ wide

092910302050 Gypsum wallboard, on walls, standard, taped 2 Carp 965.00 0.017 442.00 S.F. $190.06 $269.62 $459.68 $627.52
& finished (level 4 finish), 5/8˝ thick

051223753300 Structural steel member, 100-ton project, E5 960.00 0.083 30.00 L.F. $1,422.00 $102.00 $51.90 $1,575.90 $1,805.71
1 to 2 story building, W18x35, A992 steel, 
shop fabricated, incl shop primer, bolted 
connections (Adjusted by 051223758492)

054113304340 Partition, galv LB studs, 16 ga x 3-5/8˝ 2 Carp 66.00 0.242 5.61 L.F. $56.38 $49.93 $106.31 $140.26
W studs 16˝ O.C. x 8´ H, incl galv top & 
bottom track, excl openings, headers, 
beams, bracing & bridging

072116200820 Fiberglass insulation, unfaced, batts or 1 Carp 1,350.00 0.006 45.00 S.F. $16.20 $9.90 $26.10 $33.30
blankets for walls or ceilings, 3-1/2˝ thick, 
R11, 15˝ wide

051223750360 Structural steel member, 100-ton project, E2 550.00 0.102 15.00 L.F. $486.00 $61.65 $42.15 $589.80 $689.10
1 to 2 story building, W8x24, A992 steel, 
shop fabricated, incl shop primer, bolted 
connections (Adjusted by 051223758492)

051223758492 Structural steel member, 1 to 2 story building, L.F.
shop fabricated, for projects 50 to 74 tons, 
add

092910301550 Gypsum wallboard, on beams, columns, 2 Carp 475.00 0.034 13.10 S.F. $4.72 $16.24 $20.96 $30.40
or soffits, taped & finished (level 4 finish), 
1/2˝ thick

051223401330 Cross bracing angles, to reinforce structural E3 2,800.00 0.009 206.00 Lb. $253.38 $74.16 $8.24 $335.78 $422.31
framing, 5˝x5˝x3/8˝, shop fabricated, 
incl shop primer, fasteners

033053400700 Structural concrete, in place, column, square, C14A 11.96 16.722 0.13 C.Y. $42.90 $79.95 $7.93 $130.78 $181.99
min reinforcing, 12˝ x 12˝, includes forms 
(4 uses), reinforcing steel, and finishing

033053403850 Structural concrete, in place, spread footing, C14C 81.04 1.382 0.33 C.Y. $88.58 $16.15 $0.09 $104.82 $123.21
over 5 C.Y., includes forms (4 uses), 
reinforcing steel, and finishing

033053404300 Structural concrete, in place, grade wall, C14D 80.02 2.499 4.70 C.Y. $709.70 $430.05 $42.77 $1,182.52 $1,504.19
15˝ thick x 8´ high, includes forms (4 uses), 
reinforcing steel, and finishing

$7,420.24 $5,345.96 $153.08 $12,919.27 $16,661.75

Table 3. 6 inch metal studs with batt and rigid insulation cost estimate (system 2). Source: Unit. Type: Union. Release: 2007.
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LINE NUMBER DESCRIPTION CREW DAILY LABOR QUANTITY UNIT EXT. EXT. EXT. EXT. EXT. TOTAL
OUTPUT HOURS MATERIAL LABOR EQUIPMENT TOTAL INCL O&P

042113132020 Red brick, veneer, running bond, T.L. lots, D8 220.00 0.182 450.00 S.F. $1,732.50 $2,812.50 $4,545.00 $6,186.38
6.75/S.F., 4˝ x 2-2/3˝ x 8˝, includes 3% brick 
and 25% mortar waste, excludes scaffolding, 
grout and reinforcing

079210100050 Caulking & Sealants, backer rod, polyethylene, 1 Bric 4.60 1.739 0.23 C.L.F. $1.40 $15.18 $16.58 $24.84
1/2˝ dia

079210101800 Caulking & Sealants, butyl based, bulk, 1 Bric 180.00 0.044 22.50 L.F. $6.98 $38.03 $45.00 $65.47
in place, 77 LF per gallon, 1/2˝ x 1/2˝

076513103700 Flexible Flashing, copper, mastic-backed 1 Rofc 330.00 0.024 50.00 S.F. $126.00 $38.50 $164.50 $204.01
2 sides, 5 ounce

072113101940 Extruded polystyrene insulation, rigid, 1 Carp 730.00 0.011 450.00 S.F. $445.50 $180.00 $625.50 $773.91
for walls, 25 PSI compressive strength, 
2˝ thick, R10

071353100090 Elastomeric Waterproofing, EPDM, plain, 2 Rofc 580.00 0.028 450.00 S.F. $463.50 $396.00 $859.50 $1,179.09
45 mils thick

061636102850 1/2˝ gypsum sheathing, weatherproof 2 Carp 1,125.00 0.014 450.00 S.F. $279.00 $234.00 $513.00 $670.54
45 mils thick

040519160570 Adjustable wall ties, anchor and tie, 1 Bric 1.05 7.619 0.17 M $144.59 $49.30 $193.89 $232.50
rectangular, mill galvanized, 4-1/8˝ wide, 
3/16˝ wire, 4-3/4˝ eye, 4-3/4˝ tie
(Adjusted by 040519164750)

040519164750 Wall tie channel slot anchor, for hot dip C
galvanized, add

054113307400 Partition, galv LB studs, 16 ga x 6˝ W studs 2 Carp 48.00 0.333 30.00 L.F. $720.00 $367.50 $1,087.50 $1,349.87
16˝ O.C. x 16´ H, incl galv top & bottom track,
excl openings, headers, beams, bracing 
& bridging

092910302050 Gypsum wallboard, on walls, standard, taped 2 Carp 965.00 0.017 442.00 S.F. $190.06 $269.62 $459.68 $627.52
& finished (level 4 finish), 5/8˝ thick

051223753300 Structural steel member, 100-ton project, E5 960.00 0.083 30.00 L.F. $1,422.00 $102.00 $51.90 $1,575.90 $1,805.71
1 to 2 story building, W18x35, A992 steel, 
shop fabricated, incl shop primer, bolted 
connections (Adjusted by 051223758492)

054113304340 Partition, galv LB studs, 16 ga x 3-5/8˝ 2 Carp 66.00 0.242 5.61 L.F. $56.38 $49.93 $106.31
W studs 16˝ O.C. x 8´ H, incl galv top & 
bottom track, excl openings, headers, beams, 
bracing & bridging

051223750360 Structural steel member, 100-ton project, E2 550.00 0.102 15.00 L.F. $486.00 $61.65 $42.15 $589.80 $689.10
1 to 2 story building, W8x24, A992 steel, 
shop fabricated, incl shop primer, bolted 
connections (Adjusted by 051223758492)

051223758492 Structural steel member, 1 to 2 story building, L.F.
shop fabricated, for projects 50 to 74 tons, 
add

092910301550 Gypsum wallboard, on beams, columns, 2 Carp 475.00 0.034 13.10 S.F. $4.72 $16.24 $20.96 $30.40
or soffits, taped & finished (level 4 finish), 
1/2˝ thick

051223401330 Cross bracing angles, to reinforce structural E3 2,800.00 0.009 206.00 Lb. $253.38 $74.16 $8.24 $335.78 $422.31
framing, 5˝x5˝x3/8˝, shop fabricated, incl 
shop primer, fasteners

033053400700 Structural concrete, in place, column, square, C14A 11.96 16.722 0.13 C.Y. $42.90 $79.95 $7.93 $130.78 $181.99
min reinforcing, 12˝ x 12˝, includes forms 
(4 uses), reinforcing steel, and finishing

033053403850 Structural concrete, in place, spread footing, C14C 81.04 1.382 0.33 C.Y. $88.58 $16.15 $0.09 $104.82 $123.21
over 5 C.Y., includes forms (4 uses), 
reinforcing steel, and finishing

033053404300 Structural concrete, in place, grade wall, C14D 80.02 2.499 4.70 C.Y. $709.70 $430.05 $42.77 $1,182.52 $1,504.19
15˝ thick x 8´ high, includes forms (4 uses), 
reinforcing steel, and finishing

$7,173.19 $5,230.76 $153.08 $12,557.02 $16,211.30

Table 4. 6 inch metal studs with rigid insulation cost estimate (system 3). Source: Unit. Type: Union. Release: 2007.

LOADBEARING MASONRY’S BOTTOM LINE
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housewrap (moisture barrier) placed over
the exterior sheathing in System 1. A 6˝
deep metal stud, 16 gauge, is spaced 16˝
oc for the structural backup. The 6˝ stud
depth was selected due to consideration
of limiting the lateral load deflection to
less than L/600. Such deflection criterion
will allow a maximum crack width of
about .015˝ in the brick veneer for typical
floor-to-floor dimensions.4 The 16-gauge
thickness was selected due to considera-
tion of pull out of the brick tie fasteners.
Six inches of batt insulation (R-19) is
placed between the metal studs in
Systems 1 and 2. Adjustable brick ties
with prongs penetrating the sheathing and
engaging the metal stud flange upon fas-
tening are used. The interior side is fin-
ished with 5⁄8˝ drywall. To support the
metal studs laterally for wind load, a
structural steel frame consists of 15´ high
steel columns spaced 30´ oc with perime-

ter steel beams. Concrete pier and spread
footings support steel columns, along with
a concrete foundation wall supporting the
brick veneer and metal studs.

The loadbearing multi-wythe mason-
ry cavity wall system consists of the fol-
lowing components: brick masonry,
brick masonry expansion joints,
drainage cavity, flashing and weep holes,
rigid insulation, block, block control
joints, adjustable brick ties, interior wall
board and concrete foundation wall (see
Table 5). Brick used meets ASTM C216
specification for face brick, grade SW for
severe weathering. Brick expansion
joints are placed every 20´ oc. Code3

requires a minimum 1˝ drainage cavity,
but 2˝ is suggested. Flashing and weep
holes are placed at the base of the wall
and 2˝ of R-10 rigid insulation is used.
Moisture barrier and exterior sheathing
are not required by Code. Block used
meets ASTM C90 specification for load-

bearing CMU. The 15´ high block wall is
reinforced vertically with steel rein-
forcement and a reinforced bond beam
at the top of the wall to resist the lateral
wind load and support the roof gravity
loads. Adjustable brick ties with pintles
and eyelets welded to the horizontal
joint reinforcement are used. The interi-
or side is finished with 5⁄8˝ drywall. A
concrete foundation wall is used to sup-
port brick and block wythes.

The bottom line
COST COMPARISON
Tables 2, 3 and 4 estimates for brick
veneer and metal stud systems show
total costs of $14,900.02, $16,661.75 and
$16,211.30 for Systems 1, 2 and 3
respectively. The Table 5 estimate for
the loadbearing multi-wythe cavity wall
system shows a total cost of $13,716.62.
The Table 6 cost comparison summary
calculates the brick veneer and metal

LINE NUMBER DESCRIPTION CREW DAILY LABOR QUANTITY UNIT EXT. EXT. EXT. EXT. EXT. TOTAL
OUTPUT HOURS MATERIAL LABOR EQUIPMENT TOTAL INCL O&P

042113132020 Red brick, veneer, running bond, T.L. lots, D8 220.00 0.182 450.00 S.F. $1,732.50 $2,812.50 $4,545.00 $6,186.38
6.75/S.F., 4˝ x 2-2/3˝ x 8˝, includes 3% brick 
and 25% mortar waste, excludes scaffolding, 
grout and reinforcing

079210100050 Caulking & Sealants, backer rod, 1 Bric 4.60 1.739 0.44 C.L.F. $2.68 $29.04 $31.72 $47.53
polyethylene, 1/2˝ dia

079210101800 Caulking & Sealants, butyl based, bulk, 1 Bric 180.00 0.044 44.00 L.F. $13.64 $74.36 $88.00 $128.03
in place, 77 LF per gallon, 1/2˝ x 1/2˝

076513103700 Flexible Flashing, copper, mastic-backed 1 Rofc 330.00 0.024 50.00 S.F. $126.00 $38.50 $164.50 $204.01
2 sides, 5 ounce

072113101940 Extruded polystyrene insulation, rigid, for walls, 1 Carp 730.00 0.011 450.00 S.F. $445.50 $180.00 $625.50 $773.91
25 PSI compressive strength, 2˝ thick, R10

042210141150 Concrete masonry unit (CMU), back-up, D8 395.00 0.101 430.00 S.F. $924.50 $1,492.10 $2,416.60 $3,289.42
normal weight, tooled joint one side, 2000 psi,
8˝ x 8˝ x 16˝, includes mortar and horizontal 
joint reinforcing every other course, excludes 
scaffolding, vertical reinforcing and grout

040519260060 #5 and #6 reinforcing steel bars, 1 Bric 650.00 0.012 157.50 Lb. $70.88 $74.03 $144.90 $189.00
placed vertically, ASTM A615

040516300250 Grout, concrete masonry unit (CMU) cores, D4 680.00 0.047 71.70 S.F. $78.15 $111.85 $15.77 $205.78 $272.44
8˝ thick, 0.258 C.F./S.F., pumped,
excludes blockwork

042210162100 Concrete masonry unit (CMU), bond beam, D8 300.00 0.133 30.00 L.F. $124.20 $137.10 $261.30 $345.01
normal weight, 2000 psi, 8˝ x 8˝ x 16˝, 
includes mortar, grout and 2-#5 horizontal 
reinforcing bars, excludes scaffolding and 
vertical reinforcing

040523130160 Control joint, PVC, 8˝ wall 1 Bric 280.00 0.029 21.50 L.F. $46.44 $23.44 $69.88 $86.63

092910302050 Gypsum wallboard, on walls, standard, taped 2 Carp 965.00 0.017 450.00 S.F. $193.50 $274.50 $468.00 $638.87
& finished (level 4 finish), 5/8˝ thick

033053404300 Structural concrete, in place, grade wall, C14D 80.02 2.499 4.86 C.Y. $733.86 $444.69 $44.23 $1,222.78 $1,555.39
15˝ thick x 8´ high, includes forms (4 uses), 
reinforcing steel, and finishing

$4,491.85 $5,692.11 $60.00 $10,243.96 $13,716.62

Table 5. 8 inch block with rigid insulation cost estimate. Source: Unit. Type: Union. Release: 2007.

continued from page 42

4 Brick Industry Association, “Technical Notes on Brick Construction, 28B Brick Veneer/Steel Stud Walls,” Dec 2005: page 4.



stud systems at $33.11, $37.03 and
$36.03/wall square foot for Systems 1, 2
and 3 respectively. Included in these
costs are $7.15/wall square foot for the
supporting structural steel frame and
the additional concrete footings
required. The Table 6 cost comparison
summary calculates loadbearing multi-
wythe cavity wall system at $30.48/wall
square foot. A savings of 8.6% to 21.5%. 

SYSTEM COMMENTS 
Typically, the metal stud wall systems
are designed as non-loadbearing infill in
a structural steel frame to resist the
applied loads (Figures 9, 10 and 11).
From a construction-scheduling stand-
point, the metal studs cannot be placed
until the structural steel frame has been
erected. Before the structural steel is
erected, the process of procuring the
steel has to be initiated. This process
involves material procurement (quantity
surveying, placing mill order and steel
delivery from the mill to the fabrication
shop), development of shop drawings,
submittal of shop drawings to the con-
tractor and engineer for approval. Upon
shop drawing approval, steel is fabricat-
ed, delivered to jobsite and erected. If
metal stud web mounted ties are consid-
ered in lieu of the metal stud flange
mounted ties used in the cost compari-
son analysis, the cost of the metal stud
wall systems would be even greater. Use
of web-mounted ties has the advantage
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Figure 9. 6 inch metal studs with batt insulation (system 1)

Figure 10. 6 inch metal studs with batt and rigid insulation (system 2)

SYSTEM BRICK VENEER/METAL STUD BRICK/BLOCK
BATT INSULATION BATT & RIGID INSULATION RIGID INSULATION RIGID INSULATION
COST COST/SF COST COST/SF COST COST/SF COST COST/SF

1. Brick Veneer 6,186.38 13.75 6,186.38 13.75 6,186.38 13.75 6,186.38 13.75

2. Brick Veneer Expansion Joint 90.31 0.20 90.31 0.20 90.31 0.20 89.77 0.20

3. Flashing 204.01 0.45 204.01 0.45 204.01 0.45 204.01 0.45

4. Rigid Insulation not req’d not req’d 773.91 1.72 773.91 1.72 773.91 1.72

5. Moisture and Vapor Barrier 191.27 0.43 1,179.09 2.62 1,179.09 2.62 not req’d not req’d

6. Sheathing 670.54 1.49 670.54 1.49 670.54 1.49 not req’d not req’d

7. Ties 232.50 0.52 232.50 0.52 232.50 0.52 in backup cost in backup cost

8. Backup 1,490.13 3.31 1,490.13 3.31 1,490.13 3.31 4,095.87 9.10

9. Batt Insulation 450.45 1.00 450.45 1.00 not req’d not req’d not req’d not req’d

10. Block Control Joint not req’d not req’d not req’d not req’d not req’d not req’d 172.42 0.38

11. Wall Board 657.92 1.46 657.92 1.46 657.92 1.46 638.87 1.42

12. Perimeter Steel Beam 1,805.71 4.01 1,805.71 4.01 1,805.71 4.01 not req’d not req’d

13. Perimeter Steel Column 689.10 1.53 689.10 1.53 689.10 1.53 not req’d not req’d

14. Perimeter Steel X-Bracing 422.31 0.94 422.31 0.94 422.31 0.94 not req’d not req’d

15. Concrete Pier 181.99 0.40 181.99 0.40 181.99 0.40 not req’d not req’d

16. Concrete Spread Footing 123.21 0.27 123.21 0.27 123.21 0.27 not req’d not req’d

17. Concrete Foundation Wall 1,504.19 3.34 1,504.19 3.34 1,504.19 3.34 1,555.39 3.46

TOTAL $14,900.02 $33.11/SF $16,661.75 $37.03/SF $16,211.30 $36.03/SF $13,716.62 $30.48/SF

Table 6. Cost comparison summary
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of the fasteners screws resisting the lat-
eral load in shear and not-in-tension
compared to the flange mounted ties.

The wall system for the loadbearing
multi-wythe cavity consists of a brick
wythe and a block wythe supported by a
foundation wall (Figure 12). Typically,
the block wythe is designed to resist the

applied loads. The block wythe alone is
accomplishing the same task as the metal
stud infill, steel beam, steel column and
steel X-bracing in resisting the applied
loads. This can be an advantage for sav-
ing money (initial construction cost) and
time (scheduling). If the exterior enclo-
sure package can be let for bid following

the foundation package, the procurement
of block backup for construction can be
immediate. There is no need to lose con-
struction time waiting for structural steel
in order for metal stud placement. As
evidenced in Figures 9, 10, 11 and 12,
the adjustable tie spacing for the brick
veneer and metal studs is every 2.67 sf
while the brick and block is 1.77 sf. The
adjustable tie system for the brick and
block is an assembly that is welded to
the horizontal joint reinforcement
spaced every 16˝ oc in the block. From a
structural engineering perspective, the
1.77 sf spacing is a minimum require-
ment by the MSJC code to allow the
brick to share in resisting the lateral
wind load with the block.5 In other
words, the brick can be designed as
“brick masonry” in lieu of “brick veneer”
and can be counted on to resist a portion
of the lateral wind load.

According to
According to Joseph O Arumala,M. ASCE,
PE, Professor, Construction Manage-
ment Technology Program, University of
Maryland Eastern Shore, “The brick
veneer with steel stud backup wall sys-
tem has been used successfully in a
wide range of commercial, industrial,
and institutional structures. However, it
is recognized that the wall system is vul-
nerable if liquid water and water vapor
condensation are not sufficiently con-
trolled. Most of the reported cases of fail-
ures were due to poor material selection,
design and construction practices. It is
important to pay attention to design,
detailing and construction specifications
and guidelines in order to minimize the
water/moisture problems with the sys-
tem. To assure safe and sound perform-
ance, brick veneer with steel stud backup
wall must be properly designed, meticu-
lously detailed and skillfully built under
special inspection to control the flow of
moisture in and out of the wall cavity and
to keep the wall components dry. It is
necessary to design and construct the
wall envelope to be watertight. However,
there is need for design improvements to
insure that the wall is kept dry in service.
This may mean that the air cavity thick-

Figure 11. 6 inch metal studs with rigid insulation (system 3)

Table 7. Cost comparison and dewpoint potential summary

SYSTEM BRICK VENEER/METAL STUD BRICK/BLOCK
BATT BATT & RIGID RIGID RIGID

INSULATION INSULATION INSULATION INSULATION

DEWPOINT POTENTIAL

Vapor Barrier yes yes yes none

Vapor Barrier Location interior exterior exterior none

Dewpoint yes yes yes yes

Dewpoint Location stud cavity stud cavity rigid insulation drainage cavity

Dewpoint Occurrence summer winter summer winter

COST COMPARISON

Initial Construction 
Cost Per SF $33.11 $37.03 $36.03 $30.48

Increase in Cost, % 8.6 21.5 18.2 ———

Figure 12. 8 inch block with rigid insulation



ness may be increased to promote
drainage and drying. Maintenance is also
critically important to ensure the system
remains functioning as needed.”6

Robin D Rund, AIA, CSI, CCS,
Ghafari Associates states, “It appears
that brick veneer/steel stud back-up
walls are not inherently problematic,
only that this particular design is suscep-
tible to extreme damage when problems,
of the sort that could happen with any
wall type, do occur. Improper flashings,
copings, vapor retarder placement or
any number of design and construction
problems can quickly and silently ruin a
steel stud back-up wall, while the same
problem may have little effect in all-
masonry construction…” 7

Finally, Wagdy Anis, AIA, Shepley
Bulfinch Richardson and Abbott states,
“Steel is a good conductor of heat, and
when framing losses are averaged out
with the insulation, the effect is that of a
wall that is an average R-1.23 m2 K/W 
(R-7)! What is worse, from a functional
standpoint, is that the sheathing and other
surfaces in the stud cavity are below the
dew point of the indoor air. This increases
the condensation potential due to diffu-
sion and air leakage, which may cause
corrosion and premature failure of the
stud system. Consider a strategy whereby
all the insulation is outboard of the sheath-
ing — for example, 50 mm (2 in.) of foam
plastic (rigid boards or spray foam) insula-
tion of about 1.76 m2 K/W (R-10). Not only
is the insulating value better because the
insulation is unbroken, but the stud sys-
tem remains at almost room temperature,
avoiding the possibility of condensation
and corrosion either from diffusion or air
exfiltration in cold climates…” 8

For all it’s worth 
The loadbearing multi-wythe cavity wall
system also provides the following
advantages and benefits: 

• lower initial construction cost
• enhanced construction schedule
• high system performance with single

source responsibility 9

• lower life cycle cost
• lower maintenance cost
• durability
• a structural system
• more effective anchoring system for

stone veneer 10

• excellent fire rating
• thermal resistance
• thermal mass efficiency 11

• sound resistance
• moisture resistance
• mold resistance
• structural redundancy
• use of regional materials reduces envi-

ronmental impacts of transportation,
and optimize energy performance due
to thermal mass, and contribute to
LEED points

• manufacturing masonry materials
locally and constructing masonry wall
systems supports the local economy.

Benefit from designing and constructing
the masonry premiere wall system for a
lower initial construction cost with an
enhanced construction schedule.

• no steel X-bracing is required 
• no costly moment steel connections

are required
• no complex foundations are required 
• no shop drawings are required 
• no lead time required for block

backup 
• no cost increase for block backup. 

Life cycle cost analyses have shown
that masonry systems over time are the
most economical, even more so when
operational and insurance costs are fac-
tored in. According to Stephen J Kirk
and Stephen Garrett, “Analyzing these
life-cycle cost data, SH&G found the

masonry alternative to be the most cost-
effective exterior wall system…”12

And if that’s not enough, the bottom
line based on the initial construction cost
analysis and the condensation potential
(Table 7), shows the loadbearing multi-
wythe cavity wall system to be 8.6 to
21.5% cheaper than the brick veneer and
metal stud wall systems! For all it’s
worth, there is no other wall system that
offers so many advantages and benefits at
a low initial construction cost!

Dewpoint analyses were calculated by DOW

Building Solutions using proprietary 

software developed to analyze the potential for

dewpoint within wall assemblies. The software is

available to building owners, designers and con-

tractors. Special thanks to Bill Waddell of DOW, 

wwaddell@dow.com.
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5 Building Code Requirements for Masonry Structures (ACI 530-02/ASCE 5-02/TMS 402-02) and Specification for Masonry Structures (ACI 530.1-02/ASCE 6-02/TMS 602-02).
6 The Masonry Society, “Brick Veneer Steel Stud Wall Systems: State-of-the-Art,” The Masonry Society Journal, Vol. 25, No. 1, Sept 2007: page 18.
7 Robin D Rund, “Perception or Reality,” The Story Pole, Vol. 33, No. 6, Nov/Dec 2002: page 10.
8 Wagdy Anis, “Insulation Strategies for Exterior Walls,” The Construction Specifier, Aug 2002: page 41.
9 Jeff Snyder, “Sequencing Exterior Masonry Systems,” The Story Pole, Vol. 38, No. 1, Jan/Feb 2007: page 46.
10 Jeff Snyder, “Backed-Up By Design,” The Story Pole, Masonry Resource Guide 2006, Vol. 37, No. 1: page 96.
11 Peter Damore and Kenneth Neigh, “Insulated Cavity Masonry Wall Design: Maximizing Energy Performance,” The Story Pole, Masonry Resource Guide 2008, Vol. 39, No. 1
12 Stephen J Kirk and Stephen Garrett, “Life-Cycle Costing Reveals Masonry’s Long-Term Value,” Masonry Construction, Dec 1996: page 557.
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Life Cycle Cost Model ~ Input Data
Project: Military Housing
Location: Austin, TX  KEY: #  = Input Needed
Date: 30-Jun-10
Item: Exterior Wall Systems

Economic Data Input: Notes:
1 Life Cycle (years): 70 Ranges from 10 to 40 years
2 Discount Rate: 6% Federal Govt.  3-7%, Private industry >10%
3 Overall Location Factor: 0.808 See Means This changes automatically
4 Cost Index (time): 1.00 See Means 2009 Baseline
5 Energy Escalation per year: 1% Department of Energy (website)
6 Maintenance Escalation per year: 0% Steven Winter or from Client
7 Cost of Energy ($ / kwh) 0.120 Per Local Utility
8 Seismic / Wind Premium: Level A
9 Framing Premium: 2

10 Currency Rate: 1.00 US

Non-Monetary Criteria - Weighting Add Weight Below: (Total of 100 Points)
1 Image / Aesthetics 20
2 Color Rendition 5
3 Environmental Sustainability 20
4 Obsolescence Avoidance 0
5 Operational Effectiveness 15
6 Durability 35
7 Future Extendability 5

Total (not to exceed 100 points) 100

Non-Monetary Criteria - Scoring Image Color Env Obs Oper Dur Fut
14 Modular on 6" Metal Stud, with rigid insulation 8 9 6 9 6 6 4
32 Insulated Archictural Precast 3/3/3 8 6 6 8 6 8 2
44 Modular / Block Wall 4" Spray Foam (R=30.6) 9 8 10 9 7 10 2

Score Key:  Excellent = 9-10,  Very Good = 7-8,  Good = 5-6,  Fair = 3-4,  Poor = 1-2



Ranking Worksheet
Project: Military Housing
Item: Exterior Wall Systems Total Benefit to Cost Ranking

Alternatives:
44 Modular / Block Wall 4" Spray Foam (R=30.6) 885 $24.87 35.6 11
14 Modular on 6" Metal Stud, with rigid insulation 645 $32.36 19.9 22
32 Insulated Archictural Precast 3/3/3 690 $49.37 14.0 33

Total Benefit Ranking

Alternatives:
44 Modular / Block Wall 4" Spray Foam (R=30.6) 885 11
32 Insulated Archictural Precast 3/3/3 690 22
14 Modular on 6" Metal Stud, with rigid insulation 645 33

Total Cost Ranking

Alternatives:
44 Modular / Block Wall 4" Spray Foam (R=30.6) $24.87 11
14 Modular on 6" Metal Stud, with rigid insulation $32.36 22
32 Insulated Archictural Precast 3/3/3 $49.37 33
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Sketch Worksheet
Project: Military Housing
Item: Exterior Wall Systems
Alternative 14: Modular on 6" Metal Stud, with rigid insulation

Total Life Cycle Costs / Wall Square Foot (Present Worth) $32.36



LIFE CYCLE COST ANALYSIS  (LCCA)
Project: Military Housing
Item: Exterior Wall Systems
Alternative 14: Modular on 6" Metal Stud, with rigid insulation

Description: Alternative 14:
Location = Austin, TX
Project Life Cycle = 70  Years
Discount Rate      = 6.00%
Present Time       = Date of Occupancy

INITIAL COSTS Quantity UM Unit Price
Adj. Factor 

(by CSI)
CSI 
Div Est. PW

4x2 2/3x8 standard brick (6.7 50,000 WSF $10.10 0.669 4 337,844 337,844
Std Brick Tie / Foam & Metal 50,000 WSF $1.25 0.669 4 41,813 41,813
2" rigid Insulation 50,000 WSF $1.84 0.669 4 61,548 61,548
1/2" Gypsum, weatherproof 50,000 WSF $1.33 0.754 6 50,141 50,141
Air Barrier Allowance 50,000 WSF $2.25 0.754 6 84,825 84,825
6" Mtl Stud, 14 GA-16" OC 50,000 WSF $3.31 0.754 6 124,787 124,787
5/8" Abuse res board, L4 50,000 WSF $2.21 0.686 9A 75,803 75,803
Interior paint 50,000 WSF $0.52 0.600 9B 15,600 15,600
Scaffold allowance 50,000 WSF $1.50 0.669 4 50,175 50,175
Seismic / Wind Premium: Masonry 2% Level A 10,094 10,094
Currency Conversion US 1.00 0 0
Structural Premium Steel $7.00 2 349,999 349,999

Total Initial Cost 1,202,627

REPLACEMENT COST/ SALVAGE VALUE PW Cur
Description Cycle (yrs) Qty Year PW Factor $ Est. PW

Clean & Reseal Clay Brick 50 1 50 0.0543 1.00 41,271 2,240
Repair Brick 50 1 50 0.0543 1.00 12,404 673
Repoint (5% surface) Clay Br 50 1 50 0.0543 1.00 9,186 498
Refinish Gypsum Wallboard 6 11 35 0.1301 1.00 138,909 18,072
Repair Gypsum Wallboard 6 11 35 0.1301 1.00 60,118 7,821

0
0

Salvage Value Max Life: 70 Years 70 0.0169 0 0
Total Replacement/Salvage Costs 29,304

ANNUAL COSTS Cur
Description Escl. %        PWA $ Est. PW

Energy / Fuel Annual Costs 1.0% 19.514 1.00 19,786.98 386,120
Maintenance & Repair (see above) 0.0% 16.385 0

0.0% 16.385 0
0.0% 16.385 0

Total Annual Costs (Present Worth) 386,120

Total Life Cycle Costs (Present Worth) 1,618,050
Total Life Cycle Costs / Wall Square Foot (Present Worth) 32.36

Total Life Cycle Costs (Annualized) 0.0610  PP Factor 98,755  Per Year
PW: Present Worth
PWA: Present Worth of Annuity
PP: Periodic Payment



Sketch Worksheet
Project: Military Housing
Item: Exterior Wall Systems
Alternative 32: Insulated Archictural Precast 3/3/3

Total Life Cycle Costs / Wall Square Foot (Present Worth) $49.37



LIFE CYCLE COST ANALYSIS  (LCCA)
Project: Military Housing
Item: Exterior Wall Systems
Alternative 32: Insulated Archictural Precast 3/3/3

Description: Alternative 32:
Location = Austin, TX
Project Life Cycle = 70  Years
Discount Rate      = 6.00%
Present Time       = Date of Occupancy

INITIAL COSTS Quantity UM Unit Price

Adj. 
Factor (by 

CSI)
CSI 
Div Est. PW

Insul Arch Precast Panl 50,000 WSF $42.00 0.695 3 1,459,496 1,459,496
Air Barrier Allowance 50,000 WSF $2.25 0.808 90,900 90,900
Backer Rod, Joint Sealant 50,000 WSF $2.94 0.669 4 98,343 98,343
Steel angle sub frame, 4x6" 50,000 WSF $0.00 0.885 5 0 0
Vapor Barrier, 4 mil 50,000 WSF $0.17 0.669 4 5,787 5,787
4" Mtl Stud, 14 GA-16" OC 50,000 WSF $2.90 0.754 6 109,330 109,330

50,000 WSF $0.00 0.731 7 0 0
5/8" Abuse res board, L4 50,000 WSF $2.21 0.686 9A 75,803 75,803
Interior paint 50,000 WSF $0.52 0.600 9B 15,600 15,600
Seismic Premium Steel 0% Level A 0 0
Currency Conversion US 1.00 0
Structural Premium Steel $7.50 2 374,999 374,999

Total Initial Cost 2,230,256

REPLACEMENT COST/ SALVAGE VALUE PW Cur
Description Cycle (yrs) Qty Year PW Factor $ Est. PW

Clean & Reseal Concrete 50 1 35 0.1301 1.00 38,493 5,008
Repair caulk joints 25 2 25 0.2330 1.00 91,512 21,322

0 0 35 0.1301 1.00 0 0
Refinish Gypsum Wallboard 6 11 35 0.1301 1.00 138,909 18,072
Repair Gypsum Wallboard 6 11 35 0.1301 1.00 60,118 7,821

0
Salvage Value Max Life: 70 Years 70 0.0169 0 0

Total Replacement/Salvage Costs 52,223

ANNUAL COSTS Cur
Description Escl. %        PWA $ Est. PW

Energy / Fuel Annual Costs 1.0% 19.514 1.00 9,533.73 186,039
Maintenance & Repair (see above) 0.0% 16.385 0

0.0% 16.385 0
0.0% 16.385 0

Total Annual Costs (Present Worth) 186,039

Total Life Cycle Costs (Present Worth) 2,468,519
Total Life Cycle Costs / Wall Square Foot (Present Worth) 49.37

Total Life Cycle Costs (Annualized) 0.0610  PP Factor 150,661  Per Year
PW: Present Worth
PWA: Present Worth of Annuity
PP: Periodic Payment



Sketch Worksheet
Project: Military Housing
Item: Exterior Wall Systems
Alternative 44: Modular / Block Wall 4" Spray Foam (R=30.6)

Total Life Cycle Costs / Wall Square Foot (Present Worth) $24.87



LIFE CYCLE COST ANALYSIS  (LCCA)
Project: Military Housing
Item: Exterior Wall Systems
Alternative 44: Modular / Block Wall 4" Spray Foam (R=30.6)

Description: Alternative 44:
Location = Austin, TX
Project Life Cycle = 70  Years
Discount Rate      = 6.00%
Present Time       = Date of Occupancy

INITIAL COSTS Quantity UM Unit Price

Adj. 
Factor 

(by CSI)
CSI 
Div Est. PW

4x2 2/3x8 standard brick (6.75 50,000 WSF $15.70 0.669 4 525,163 525,163
4" Thick spray on insultn 50,000 WSF $3.13 0.669 4 104,698 104,698
(Insul-air & vapor barrier) 50,000 WSF $0.00 0.731 7 0 0
8" CMU backup w/ reinf. 50,000 WSF $11.05 0.669 4 369,621 369,621

50,000 WSF 0.669 4 0 0
Interior paint 50,000 WSF $0.52 0.600 9B 15,600 15,600
Scaffold allowance 50,000 WSF $1.50 0.669 4 50,175 50,175
Seismic Premium Masonry 2% Level A 17,896 17,896
Currency Conversion US 1.00 0 0
Structural Premium Masonry $0.00 2 0 0

Total Initial Cost 1,083,154

REPLACEMENT COST/ SALVAGE VALUE PW Cur
Description Cycle (yrs) Qty Year PW Factor $ Est. PW

Clean & Reseal CMU 50 1 35 0.1301 1.00 39,744 5,170
Repair CMU 50 1 50 0.0543 1.00 6,552 355
Repoint (5% surface) CMU 50 1 35 0.1301 1.00 5,240 681
Refinish CMU, Paint Int. 10 7 35 0.1301 1.00 143,407 18,657
Repair CMU Interior 25 2 25 0.2330 1.00 6,755 1,573

0
0

Salvage Value Max Life: 70 Years 70 0.0169 0 0
Total Replacement/Salvage Costs 26,436

ANNUAL COSTS Cur
Description Escl. %        PWA $ Est. PW

Energy / Fuel Annual Costs 1.0% 19.514 1.00 6,854.31 133,754
Maintenance & Repair (see above) 0.0% 16.385 0

0.0% 16.385 0
0.0% 16.385 0
0.0% 16.385 0

Total Annual Costs (Present Worth) 133,754

Total Life Cycle Costs (Present Worth) 1,243,343
Total Life Cycle Costs / Wall Square Foot (Present Worth) 24.87

Total Life Cycle Costs (Annualized) 0.0610  PP Factor 75,885  Per Year
PW: Present Worth
PWA: Present Worth of Annuity
PP: Periodic Payment
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Interior Partitions
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Life Cycle Cost Model ~ Input Data
Project: Education Building
Location: Austin, TX  KEY: #  = Input Needed
Date: 24-Mar-10
Item: Interior Load Bearing Partition Systems

Economic Data Input: Notes:
1 Life Cycle (years): 50 Ranges from 10 to 40 years
2 Discount Rate: 6% Federal Govt.  7%, Private industry >10%
3 Overall Location Factor: 0.808 See Means This changes automatically
4 Cost Index (time): 1.00 See Means 2010 Baseline
5 Energy Escalation per year: 0.0% Department of Energy (website)
6 Maintenance Escalation per year: 0.0% Steven Winter or from Client
7 Differential Escalation 0% Difference between inflation and construction escalation
8 Currency Rate: 1.00 US

Non-Monetary Criteria - Weighting Add Weight Below: (Total of 100 Points)
1 Image / Aesthetics 25
2 Color Rendition 10
3 Environmental Sustainability 5
4 Obsolescence Avoidance 5
5 Operational Effectiveness 10
6 Durability 40
7 Future Extendability 5

Total (not to exceed 100 points) 100

Non-Monetary Criteria - Scoring Image Color Env Obs Oper Dur Fut
1 8" CMU 6 7 8 10 9 9 5
3 8" Ground Face CMU, integrally colored 9 9 8 10 9 9 3
9 Abuse resistant Gyp Bd on 6" Metal Stud 7 8 6 7 7 3 9

Score Key:  Excellent = 9-10,  Very Good = 7-8,  Good = 5-6,  Fair = 3-4,  Poor = 1-2



Ranking Worksheet
Project: Education Building
Item: Interior Load Bearing Partition Systems

Total Benefit to Cost Ranking

Alternatives:
1 8" CMU 785 $8.73 89.9 11
9 Abuse resistant Gyp Bd on 6" Metal Stud 555 $13.97 39.7 22

Total Benefit Ranking

Alternatives:
1 8" CMU 785 11
9 Abuse resistant Gyp Bd on 6" Metal Stud 555 22

Total Cost Ranking

Alternatives:
1 8" CMU $8.73 11
9 Abuse resistant Gyp Bd on 6" Metal Stud $13.97 22
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Sketch Worksheet
Project: Education Building
Item: Interior Load Bearing Partition Systems
Alternative 1: 8" CMU

Total Life Cycle Costs / Wall Square Foot (Present Worth) $8.73



LIFE CYCLE COST ANALYSIS  (LCCA)
Project: Education Building
Item: Interior Load Bearing Partition Systems
Alternative 1: 8" CMU

Description: Alternative 1:
Location = Austin, TX
Project Life Cycle = 50  Years
Discount Rate      = 6.00%
Present Time       = Date of Occupancy

INITIAL COSTS Quantity UM Unit Price
Adj. Factor 

(by CSI)
CSI 
Div Est. PW

8" CMU reinforced 10,000 WSF $10.32 0.669 4 69,043 69,043
Interior paint 20,001 WSF $0.52 0.600 9B 6,240 6,240

0.808 0 0
0.808 0 0
0.808 0 0
0.808 0 0
0.808 0 0
0.808 0 0

Currency Conversion US 1.00 0 0
Does not include any structural steel costs 0 0

Total Initial Cost 75,283

REPLACEMENT COST/ SALVAGE VALUE PW Cur
Description Cycle (yrs) Qty Year PW Factor $ Est. PW

Refinish CMU, Paint 8 6 25 0.2330 1.00 37,789 8,804
Minor Repair CMU 16 3 25 0.2330 1.00 8,097 1,886
Finish Repaired CMU 16 3 25 0.2330 1.00 5,861 1,365

0
0
0

Salvage Value 0
Total Replacement/Salvage Costs 12,055

ANNUAL COSTS Cur
Description Escl. %        PWA $ Est. PW

Maintenance & Repair (see above) 0.0% 15.7619 1.00 0
0.0% 15.7619 1.00 0
0.0% 15.7619 1.00 0
0.0% 15.7619 1.00 0
0.0% 15.7619 1.00 0
0.0% 15.7619 1.00 0

Total Annual Costs (Present Worth) 0

Total Life Cycle Costs (Present Worth) 87,338
Total Life Cycle Costs / Wall Square Foot (Present Worth) 8.73

Total Life Cycle Costs (Annualized) 0.0634  PP Factor 5,541  Per Year
PW: Present Worth
PWA: Present Worth of Annuity
PP: Periodic Payment



Sketch Worksheet
Project: Education Building
Item: Interior Load Bearing Partition Systems
Alternative 9: Abuse resistant Gyp Bd on 6" Metal Stud

Total Life Cycle Costs / Wall Square Foot (Present Worth) $13.97



LIFE CYCLE COST ANALYSIS  (LCCA)
Project: Education Building
Item: Interior Load Bearing Partition Systems
Alternative 9: Abuse resistant Gyp Bd on 6" Metal Stud

Description: Alternative 9:
Location = Austin, TX
Project Life Cycle = 50  Years
Discount Rate      = 6.00%
Present Time       = Date of Occupancy

INITIAL COSTS Quantity UM Unit Price
Adj. Factor 

(by CSI)
CSI 
Div Est. PW

6" Steel Stud-18 GA 10,000 WSF $3.18 0.754 6 23,978 23,978
5/8" Abuse res board 20,001 WSF $2.21 0.686 9A 30,322 30,322
3 1/2" Acoustic insulation 10,000 WSF $0.71 0.731 7 5,190 5,190
Interior paint 20,001 WSF $0.52 0.600 9B 6,240 6,240
Structural Steel Frame 10,000 WSF $7.50 0.808 60,600 60,600

0.808 0 0
0.808 0 0
0.808 0 0

Currency Conversion US 1.00 0 0
0.808 0 0

Total Initial Cost 126,331

REPLACEMENT COST/ SALVAGE VALUE PW Cur
Description Cycle (yrs) Qty Year PW Factor $ Est. PW

Refinish Gyp Bd Wall Finish 6 8 25 0.2330 1.00 28,760 6,701
Minor Gyp Bd Repair 6 8 25 0.2330 1.00 18,335 4,272
Finish Repair Work 6 8 25 0.2330 1.00 10,159 2,367

0
0
0
0

Salvage Value 0
Total Replacement/Salvage Costs 13,340

ANNUAL COSTS Cur
Description Escl. %        PWA $ Est. PW

Maintenance & Repair (see above) 0.0% 15.762 1.00 0
0.0% 15.762 1.00 0
0.0% 15.762 1.00 0
0.0% 15.762 1.00 0
0.0% 15.762 1.00 0
0.0% 15.762 1.00 0

Total Annual Costs (Present Worth) 0

Total Life Cycle Costs (Present Worth) 139,671
Total Life Cycle Costs / Wall Square Foot (Present Worth) 13.97

Total Life Cycle Costs (Annualized) 0.0634  PP Factor 8,861  Per Year
PW: Present Worth
PWA: Present Worth of Annuity
PP: Periodic Payment



LIFE CYCLE COST ANALYSIS  (LCCA)

Economic Terms

Life Cycle Cost Analysis*

Life Cycle Cost*

Life Cycle (Study Period)*

Discount Rate**

Discount Factor**

Present Worth* (Net 
Present Value)

Present Worth of Annuity*

Periodic Payment*

Escalation (Inflation)*

Replacement Life* (Useful 
Life)

Economic Approach*

Time Value of Money*

Location Factor

Straight line depreciation

Source

**ASTM E833-91a, Standard Terminology of Building Economics , May 1991

An economic assessment of an item, system, or facility and competing design 
alternatives considering the time value of money.

The total cost of ownership over a study period or "life cycle." May include initial 
construction costs, replacement costs, energy costs, maintenance costs, and 
salvage values

The length of time over which an investment is analyzed.

The rate of interest reflecting the investor's time value of money, used to determine 
discount factors for converting benefits and costs occurring at different times to a 
baseline date (present time).

A multiplicative number (calculated from a discount formula for a given discount rate 
and interest period) that is used to convert costs and benefits occurring at different 
times to a common time. See references below for the various discount formulas.

Economic method that requires conversion of costs and benefits by discounting 
future cash flows to a baseline date (present time).

The relative difference in constructions cost between cities in the USA. A 1.00 factor 
is the "average" cost of construction for all cities in the USA. For this study, RS 
Means was used as the source of the location factor.

The simplest and most commonly used, straight line depreciation is calculated by 
taking the purchase or acquisition price of an asset subtracted by the salvage value 
divided by the total productive years the asset can be reasonably expected to benefit 
the company [called “useful life” in accounting jargon].

* Stephen Kirk & Alphonse Dell'Isola, Life Cycle Costing for Facilities , Reed 
Construction Data, 2003

Economic method that requires conversion of costs and benefits by discounting 
annual cash flows to a baseline date (present time).

Economic method that requires conversion of present worth costs and benefits to an 
equivalent annual series of cash flows.

A continuing rise in the general price levels, caused usually by an increase in the 
volume of money and credit relative to available goods.

The life of a system or component (usually expressed in years) for which it is cost 
effective to utilize before being replaced. 

The approach taken with regard to inflation. "Current dollars" indicates prices in the 
LCC include inflation to the year of expenditure.

The time-dependent value of money stemming both from changes in the purchasing 
power of money (that is, inflation or deflation), and from the real earning potential of 
alternative investments over time.



Input  Sheet
In order to generate a report for 
your project we must first gather 
enough information to fulfill the 
spreadsheet requirements.

A location must  be 
established.  The spreadsheet 
will use the location to adjust 
several of the costs so they are
accurate for that region. There 
are over 25 cities from 
throughout the US and Canada
currently in the system. 

The Life Cycle duration  is 
the time span for which the study 
will consider the economic 
impact of the various input 
options.  For example, we know 
that a school or hospital will 
physically last more than thirty or 
forty years, however, in most 
cases we do not necessarily 
want to consider the economic 
impact today’s decisions beyond 
some specific time span.  At 
some point it becomes difficult to 
predict the future beyond a 
certain number of years.  The 
spreadsheet will accommodate 
durations from 10 to 40 years in 
5 year increments.

Because we are looking at 
value, in dollars, across a span 
of several years we must deal 
with the fact that a dollar today is 
worth more than a dollar will be 
several years from now.  For 
investments, interest will provide 
for a growth rate, while 
borrowing money results in a 
discount rate.  Although 
adjustable, we typically leave the 
discount rate at 7% for 
government work as established 
by the federal government while 
private industry is slightly higher.

Energy escalation factor 
accounts for the fact that energy 
costs inflate faster than general 

inflation so we add an additional 
inflation factor to help balance 
that figure.  

Maintenance inflation factors 
also increase somewhat faster 
than average costs so we add an 
additional 1% for inflation there 
as well.  

Not every factor an owner will 
want to consider is purely about 
money.  In fact, considerations 
such appearance, green or 
environmental impact or ability to 
withstand abuse from heavy 
wear might be very important to 
an owner or, maybe some 
combination of all three.

One of the most powerful 
features of this life cycle cost 
analysis system is the ability to 
place a comparative value on 
these types of non-monetary 
factors  so they might be 
considered as a part of the 
overall equation. 

This allows the owner to 
make very deliberate choices as 
to how much value they want to 
place on preferences or specific 
types of requirements. 

This is accomplished in a 
two-part system of weights and 
scores.  Weighting values are 
established without regard to any 
specific wall or floor system.  A 
choice is simply made based on 
desires of the owner:  “I want a 
highly durable wall” or “this floor 
needs to look really good and it 
needs to be as environmentally 
friendly as possible”. However 
most of the time owners want a 
combination of these choices so 
we assign a weight to each of 
them.  Using 100 as a maximum 
value we might look at the 
requirements above and weight 
them as follows: 50 for durability 

because it is really important and 
25 apiece for appearance and 
environmental factors.  These 
weights will have a significant 
impact on the final rankings of 
the selected walls or floors.

There are seven criteria 
available for consideration within 
the system:
Image / Aesthetics is all about 
appearance.  How good does it 
need to look?
Color Rendition refers to the 
ability of the system to take and 
hold color throughout its lifespan.  
Environmental sustainability 
deals with constructing using 
materials that are 
environmentally friendly and 
don’t require maintenance that is 
harmful to the environment.
Obsolescence avoidance is a 
response to the time factor.  How 
well will this wall or floor stand up
to changes in building codes, 
acceptable performance to 
changing demands and so forth
or will the wall or floor simply 
become obsolete and minimally 
usable.
Operational effectiveness refers 
to the ability of the building to 
function for maximum 
productivity.  This is extremely 
important, for example, in 
hospitals where staffing costs 
are very high and always will be.  
Wall and floor systems that are 
durable and easy to clean help to 
reduce janitorial and cleaning 
costs.  Staff efficiency should be 
an important design 
consideration.
Durability is the ability of the wall 
or floor to withstand exposure to 
the elements, heavy use or even 
abuse.
Future extendibility refers the 
ability or need to accommodate 

Understanding Your Life Cycle Cost Report



changes to the building during its 
lifespan.  For example, in leased 
office space the interior wall 
systems might be substantially 
altered with each new tenant 
build out, but in an elementary 
school they might remain exactly 
as they were originally built for 
the entire life of the building.
If weighting values define the 
desires of the owner for certain 
characteristics to be present in 
their projects and we also need a 
way to illustrate how well each 
wall or floor system meets these 
same criteria.  This is 
accomplished by determining a 
score for each of the criteria, 
image, color rendition, 
environmental sustainability and 
so forth, for each wall or floor 
system in the library of options.

To determine the scores for 
various wall and floor system a 
committee debated the relative 
merits of each wall or floor 
system and assigned a value of 
1 through 10, 10 being the 
highest value, for each criteria.  
Five was considered to be 
average performance, with 
values above five indicating 
above average rating for that 
criteria and values below 5 
indicating a below average 
rating.  For example: 
maintenance data indicates that 
drywall faced partition walls in 
schools require more frequent 
cycles repainting and sustain 
more nicks and damaged areas 
that require repairs than do walls 
constructed of painted cement 
masonry units (cmus).  This 
affects scores in two areas, 
clearly cmu walls are more 
durable so would score higher on 
that criteria but painting can 

release fumes or vapors into the 
environment and disposal of 
paint containers, rags, brushes 
etc. also have an environmental
impact so the score for the 
environmental criteria is 
impacted as well.  Other factors 
like image can be evaluated as 
well, for example, If one 
compared painted cmu walls to 
integrally colored burnished
block walls one can easily see 
the burnished block walls is far 
more refined and architectural in 
appearance and will rate higher 
than painted cmu in the criteria 
of image.

LCC reports are specific to 
building type so some of the 
scoring criteria may be affected 
by that as well.  For example, 
future extendibility has to do with 
the ability of the floor or wall to 
accommodate changes to the 
building resulting change in use.  
For applications such as exterior 
wall systems for school buildings 
we have rated that criteria very 
low for both weighting and 
scoring because exterior of 
schools rarely change once the 
building is completed.  If that 
factor is important to a specific 
project then that value would 
need to be adjusted to reflect the 
owners wishes.

During the input process 
weighting values may be 
adjusted so long as they add up 
to 100 points.  Scoring values of 
individual walls are only 
adjustable by request to the 
committee because we have the 
background information and 
access to the data that was used 
to determine the current scores.

Filling out the Input Sheet

Required inputs into the system
include: building type, date, 
location and duration of the 
study.  There are carefully 
selected default values for the 
other possible economic data 
inputs.  They can be adjusted if 
one wishes but it is not 
necessary to do so to obtain an
accurate report.

There are default weighting 
values as well, based on building 
type, or one can enter values of 
their own choice so long as they 
add up to a total of 100 points.

Scoring values are only 
adjustable by request as 
explained above.

One must now choose the walls 
or floors to be compared.  There 
are a couple simple rules:  In 
order to have a comparison at 
least two choices are necessary, 
although the report will 
accommodate up to 8 options; 
and, the choices must be from 
the same library of options.  
There are three libraries: Exterior 
walls, Interior partition walls and 
Floors. 

For the most effective report, 
chose systems that are logical to 
compare against one another.

Outputs

Ranking Worksheet

The first output sheet is the 
ranking sheet.



The ranking sheet will show the 
comparisons between your 
choices ranked in three different 
ways: by cost to benefit ratio, by 
total benefit, and by total cost.

Cost to benefit ratio may be the 
most useful of the three 
rankings.  It is derived by dividing 
the total benefit by the total cost 
and expressing the result as a 
ratio.

Remember all those weights and 
scores?  The weights defined 
what your expectations were for 
floor or wall performance and the 
scores rated how well each wall 
or floor meet those same criteria.  
By multiplying the weight for a 
single criteria by the score for 
that criteria we can tell how well 
that wall or floor meet your 
expectation or in other words 
how much benefit that option 
brings to the project. So we
would multiple weight of image 
by score of image and so forth 
for each of the seven criteria.  By 
adding all those values together 
we have defined, 
mathematically, the total benefit 
of that option.

If we now divide that total benefit 
by the total cost we now have a 
benefit to cost ratio.

A good way to view this figure is 
“bang for the buck”.  An option 
that doesn’t do a good job of 
meeting the requirements as 
defined by the weighting values 
won’t score well but neither will 
an option that costs a lot more
for only a few little more benefit.  
Options that provide a lot of 
benefit for a good price will 

almost always rank at the top of 
the list.  

This is the ranking that should, in 
most cases, receive the most 
consideration.

The total benefit chart ranks 
results solely by weights and 
scores with no regard to cost and 
the total cost chart shows the 
options ranked by least 
expensive to most expensive 
with no regard to benefit.

Individual Alternative Reports

Initial Costs
Individual costs reflect the cost 
necessary to construct the wall 
or floor system.  It will include: 
material, labor, and equipment 
as well as typical overhead and 
profit.  The costs are obtained 
from the latest version of the
R.S. Means Co. “Building 
Construction Cost Data” guide, 
the most widely recognized 
costing reference in the design 
and construction industries.  
There are a few exceptions, 
usually new materials that are 
not specifically called out in 
Means.  Those exceptions are 
identified.  

We know that there are different 
costs for constructing similar 
systems based on location.  If 
you recall, we selected a specific 
city as a base location for the 
study.  On the first sheet of your 
report, the Input Sheet, line 3, 
indicates the “Overall Location 
Factor”, which is the multiplying 
factor for that location.  Numbers 
less than 1.0 indicate lower costs 
than the national average while 
numbers in excess of 1.0 for 

example, 1.07,  indicate a higher 
than average cost, in this case 
7% higher.  But, what is the 
“national average” anyway?

A few years back R.S. Means 
developed a very sophisticated 
computer program that analyzed 
thirty different major construction 
markets from all areas of the US.  
Included was a factor that 
allowed them to weight each 
location by volume of work type 
based on nine different project 
models.  Using this program RS 
Means determines what a 
national average (score of 1.0) 
would be without respect to any 
one given location.  This same
program that is used to analyze 
data for the over 700 locations 
throughout the US and Canada 
to determine the Overall Location 
Factor.

Even with that considerable 
effort, RS Means still provides 
additional data that allows us to 
become even more accurate.  In 
this case we have the data to 
adjust the construction cost to 
specific trade groups within 
specific locations.  This allows us 
to adjust the specific material 
installation cost to the exact 
trade installing that material at
that location.  These are the 
adjustment factors that you will 
see listed in your report under 
Initial Costs.  Because IMI is 
international in scope we have 
been able to coordinate 
information from offices 
throughout the US and Canada 
to verify that the numbers are in 
fact, reasonably accurate.  
Remember there is really no 
exact square foot cost figure for 
a wall or floor system, if there 



were, we wouldn’t need to bid 
work out, the price would be 
constant.

A couple of other notes on initial 
costs:  in order to be more 
realistic, we have priced the cost 
based on constructing, 
maintaining and operating 100 
square foot of wall and divided 
back at the end to arrive at a 
square foot cost.  The portion of 
the wall included in the study is 
identified on the accompanying 
illustration.  The second item is 
the Present Worth (PW) 
analysis.  Because all of these 
costs occur at the beginning of 
the project, as opposed to 
operational and maintenance 
costs which occur throughout the 
selected time span, they are in 
present dollars.

Since we have brought up the 
issue of Present Worth (PW) we 
might as well deal with it now.  
Because we are looking at a 
series of accumulated costs 
across time we need to get some 
fixed point of reference for time
in order to calculate a single 
figure we can use for 
comparison.  We know that cost 
go up and inflation and other 
factors affect the value of a
dollar.  In fact, in a 40 year study 
the affect can be considerable.  
There are really only two points 
that are logical to do this: at the 
beginning of the project or at the 
end.  Life cycle cost studies are 
typically done not long before the 
project begins. Initial cost data, a 
big chunk of the cost is pretty 
much known at that point and
that cost is in today’s dollars.
Logically it just makes sense to 
relate everything back to current 

time when the study is being 
done. Life Cycle Cost studies 
are, therefore, commonly done in 
present worth.

There are standard reference 
tables used by accountants to 
determine the multiplier factors 
for developing present worth
values.  Find the correct 
reference table based on the 
discount rate (Line 2, on the 
Input Sheet) and look up the 
desired information.  Copies of 
these tables can be found in the 
Appendix of Life Cycle Costing 
for Facilities by Alphonse J. 
Dell’lsola, PE, CVS and Stephen 
J. Kirk, FAIA, CVS.

Replacement Cost / Salvage 
Value

This category of costs deals with 
large periodic maintenance 
issues or total replacement of a
system, like a roof or major 
HVAC update.  In our case this is 
usually cleaning or repointing 
masonry, caulking, painting or 
removal and replacement of 
carpet or resilient flooring 
systems.  Because these costs 
occur at fixed intervals they are 
calculated in sections.  For 
example, if walls were repainted 
every 8 years for 40 years we 
would have cost occurring at 
year 8, 16, 24, 32 and 40 or 5 
cycles.  We would calculate 
these costs, allowing for inflation, 
at each of these intervals, adjust 
for PW and add the resulting five 
values to determine the total 
adjusted cost of painting walls for 
40 years.

Annual Costs

If replacement costs are viewed 
as a series of events, like a 
sequence of photographs, think 
of annual cost as being more like 
a movie, continuously moving 
foreword.  The costs of energy, 
day to day cleaning and 
maintenance plotted out on a 
graph would be steadily arcing 
upward over an extended time 
period.  Present Worth of Annuity 
(PWA) will provide a more 
accurate method of looking at 
these costs. PWA multiplier 
factors are again taken for 
standard accounting reference 
tables.  PWA is located in a 
different column but on the same 
table in Life Cycle Costing for 
Facilities for any given discount 
interest rate.

We have now accounted for all 
the costs associated with our life 
cycle cost study.  Total Life 
Cycle Costs, in present worth
are accumulated and reported at 
the bottom of the sheet.  This 
figure will match the Life Cycle 
Cost figure in the second column 
of your Ranking Worksheet back 
at the beginning of your report.
One last figure is provided in the 
report: Annualized Total Life 
Cycle Cost.  By annualizing the 
total costs, based on the life of 
the study we can look at the total 
cost per square foot in a manner 
that is somewhat analogues to 
comparing monthly car payments 
or mortgage payments.  These 
are calculated using a Periodic 
Payment factor taken from the 
same reference tables as the 
present worth and present worth 
of annuity factors.
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Here is a list of masonry resources: 
 
Masonry Institute of Michigan (MIM) 
• Generic Specification for MULTI-WYTHE MASONRY ASSEMBLIES (CAVITY WALL: 

VENEER WYTHE W/CMU BACKUP) 
• http://www.mim-online.org/ArchDetails/Vol%202/specs/042700-00.pdf 

• Generic Specification for CONCRETE MASONRY ASSEMBLIES (SINGLE WYTHE CMU) 
• http://www.mim-online.org/ArchDet ails/Vol%201/specs/specs-042200.pdf 

• Generic Multi-Wythe Wall Design Details (click on menu links on left side of screen) 
• http://www.mim-online.org/ArchDetails/Vol%202/8-multi-re/8-multi-re-index.htm 

• Generic Single Wythe Wall Design Details 
• http://www.mim-online.org/ArchDetails/Vol%201/8-un/ALL_SINGLE_WYTHE_8_INCH.pdf 

• FREE project plan/specification reviews, please contact kelly@mim-online.org  
• FREE technical inquiry assistance, please contact kelly@mim-online.org 
• Pre-Construction Masonry Conference agenda (see attachment) 
• Presentations (AIA/CES credits available), please contact michelle@mim-online.org:  

• Loadbearing Masonry’s Bottom Line 
• Special Inspection for Structural Masonry 
• For other topics visit http://www.mim-online.org/AEpresentations.html  

 
International Masonry Institute (IMI) 
• Loadbearing and Hybrid Details 

• http://www.imiweb.org/design_tools/masonry_details/index.php 
 
Brick Industry Association (BIA) 
• Technical Notes on Brick Construction  

• http://www.gobrick.com/html/frmset_thnt.htm 
 

National Concrete Masonry Association (NCMA) 
• e-TEK Manual  

• http://www.ncmaetek.org/etek/homefrm_map.cfm?spdm=cemexusa.com 
 
Indiana Limestone Institute (ILI) 
• ILI Technote Series 

• http://iliai.com/index.php?pageId=139 
• ILI Handbook (FREE download) 

• http://iliai.com/index.php?pageId=41 
 
Portland Cement Association (PCA) 
• Designer and Specifier's Site 

• http://www.cement.org/masonry/notebook.asp 
 
Cast Stone Institute (CSI) 
• Technical Resources 

• http://www.caststone.org/techcover.html 
 
Masonry Executives Council  
• http://www.masonrysystems.org/ 
 



Joseph Lstiburek, BASc, M Eng, PhD, P Eng, FASHRAE 
 
¦  Bachelor of Applied Science in Mechanical Engineering 
¦  Master of Engineering in Civil Engineering 
¦  Doctorate in Building Science at the University of Toronto  
¦  Fellow ASHRAE (American Society of Heating, Refrigerating and 

Air-Conditioning Engineers) 
¦  Licensed Professional Engineer in the Province of Ontario since 1982 
¦  Principal of Building Science Corporation in Waterloo, Ontario 
¦  One of the world’s foremost authorities on energy efficient 

construction techniques 
¦  expert in the areas of rain penetration, air barriers, vapor 

barriers, air quality, durability and construction technology 
¦  specializes in rain damage and mold and microbial 

contamination of buildings 
¦  ASTM (American Society for Testing and Materials) 

¦  past chairman of ASTM E241 
¦  ASHRAE 

¦  contributor and reviewer of Chapters 21 and 22 of ASHRAE 
Fundamentals 

¦  voting member  
¦  ASHRAE Standard 62  
¦  ASHRAE Technical Committee 4.4 – Building Materials 

and Building Envelope Performance  
¦  Author of numerous books and technical papers on building 

construction, building science, indoor air quality and durability 
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