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What They Don’t Teach In School

In this issue, we’re going to
look at three theories of engi-
neering, Lowest Common De-
nominator Design, The Theory
of Many Sticks, and Hell For
Stout. These aren’t exactly
theories in that no one put forth
a hypothesis, tested it, and put

it up for peer review in some ob-
scure journal that no one could
understand. These are theories
that we see in day to day life and
certainly have some validity.

While they may not hold up to
peer review, and | certainly could-
n’t write a thesis on any of these

Engineering Theories From Real Life

Lowest Common Denominator
Design

There are different levels of com-
plexity to everything you build. |
think it was in the Air Force that |
first heard the expression, “we’re
not building the Space Shuttle”. We
used this whenever someone would
get into too much detail about how
to do something mundane, like put in
a new toilet. When airplanes, rock-
ets, computers, and even diesel en-
gines are built, the precision required
is extreme, and the actual plans to
build them are very complex. The
assembly is done by highly trained
people in controlled environments.

In construction, especially residential
construction, there can be no high
precision. Much of the labor force
has limited formal education, and
since you are moving from small
jobsite to small jobsite, it’s difficult to
control the environment. Unlike
large construction projects, there
isn’t a lot of supervision on the indi-
vidual jobsites, and since the pay is
lower, the skill level is also lower.
So, when developing plans for resi-
dential jobs, all of this has to be
brought into consideration. So, here
are my own informal rules for resi-
dential structural design:

|. For Concrete:

a.  Stick to small rebar that can be
bent in the field and is easy to han-
dle, use #4 (1/2”’) wherever possible,
and never go larger than #5 (5/8”).
Try to avoid varying rebar sizes in
the same wall.

b.  Never make a concrete wall
less than 10” thick, otherwise you
risk the rebar not being placed right,
and the concrete not going properly
into the forms (since vibrators are
rarely if ever used on residential
sites).

c.  Use 3000 psi concrete. It's
easier to work with, and it’s likely if
you go stronger in the design, they
will still order 3000 psi concrete.

d.  Allow some leeway in the de-
sign so if rebar is placed slightly
wrong the concrete won't fail.

e.  Don’t design in any fancy hooks
in the rebar, and absolutely nothing
in the rebar that requires shop fabri-
cation.

2. For Framing:

a. Try to keep the beams on a job
the same size so that the wrong ones
won’t go in the wrong places.

b.  Keep the floor system the same
size and spacing. Again, the wrong
joists will go to the wrong places,
and the spacing will be all jacked up
otherwise.

c.  Try to keep roof bracing to a
minimum. It’s too easy to place roof
braces in the wrong location.

d. Avoid steel. If steel can’t be

three theories in school and ex-
pect to pass, most of us that ac-
tually work in construction will
agree they are real, and have to
be considered on every job.

George

avoided, keep the members small so
they can be fairly easily placed.

e. Avoid welded connections.

f.  Don’t design roofs to be de-
pendent on cross ties to keep them
from arching, it’s too easy to put
them in wrong.

Of course in more difficult struc-
tures the above rules have to be
broken. However, from my own
informal observance of construction
in 30 years, following the above can
help you avoid errors, and the mate-
rial costs will be more than out-
weighed by the labor savings. It’s
designing for the lowest common
denominator, and the lowest chance
of screwing something up.

The Theory of Many Sticks

| heard about this theory from an
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The deck below has many
things wrong with it, and
should have fallen down. The
Theory of Many Sticks is al-
lowing it to stand, for now.

I’s not braced for sidesway, it
is not attached to the posts
correctly, it's beams are over
spanned, it is not attached to
the house securely, and the
stair stringers aren’t properly
supported.
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who heard it from an old carpenter.
A real life example is the best illus-
tration. About a year ago a builder |
was doing work for asked me to go
with him into a house that was hav-
ing problems. The homeowner said
his floors were sagging. The builder
wanted me to look over the situa-
tion with him to see if there was
something obvious. Well, we went
into the house, and it was obvious
why the floors were sagging. The
homeowner had removed every load
bearing wall in the basement. | actu-
ally stepped backwards after going in
the basement, and positioned myself
next to the exterior walls so it
would be easier to find my body if
the house collapsed while | was in it.

In theory, the whole house should
have imploded. Why didn’t it? Well,
as the old carpenter said, the
“Theory of Many Sticks” came into
play. Because wood is so flexible,
everything started to work as part of
the structure as the system started
to fail. The floor sheathing started
to carry loads, the walls started to
act as beams, and the oak flooring
did its part to help hold the house
up. Even the wall paper and paneling
will kick in as the house starts to
move. This theory is what keeps
people from killing themselves with
their ill-advised home projects. It
also kept a house that | went to from
falling in when the HVAC contractor
decided to give his brother-in-law a
chance and hired him (you know
something bad happened, don’t
you?). It became obvious why the
brother-in-law can’t keep a job; he
cut away the main support beam in
the house to run ductwork. The
house stood long enough for us to
fix it with a steel beam.

The Theory of Many Sticks is very
helpful in residential construction.
Not only does it protect us from our
own stupidity, and the stupidity of
others, but it can help in natural
disasters too. Unlike other coun-
tries where houses are built from
masonry, houses here can stay stand-
ing after high windstorms, earth-
quakes, tornadoes, and other disas-
ters. They may be uninhabitable, but
they don’t pancake and squish every-
one inside.

There is a catch to the Theory of
Many Sticks. It can’t be counted on;
otherwise another law will jump in —
Murphy’s Law. If you do something
wrong, and figure the Many Sticks
Theory saving you, the law that
“Anything That Can Go Wrong Will
Go Wrong” will go into play, and
everything will fall down on you.
The Theory of Many Sticks is good
to know, but can’t be used on pur-
pose.

Hell For Stout

| heard this theory from an engineer
that used to design locomotives. It
can be confused with the Lowest
Common Denominator Theory, but
it's concept is totally different. Many
parts of a locomotive are hard, if not
impossible to analyze structurally. In
the days before computers, you
would have to spend a lot of time to
analyze things like couplings and
other oddly shaped items, and it
wasn’t worth it. So, the idea was to
design “Hell For Stout”. Make the
item massive, and use lots of steel.
That way it wouldn’t fail, and you
didn’t have to spend weeks in tedi-
ous calculations.

When | see buildings put up by the
ancients, | see the same engineering
theory used. The reason is simple.
The Romans, Egyptians, Babylonians,
and others didn’t have computers, or
even hand calculators to do design
calculations. They didn’t have a way
of testing their mortar and concrete
(Romans by the way made excellent
concrete, you should see the Parthe-
non). Worse yet, building failures
didn’t result in lawsuits; they often
executed people that built buildings
that fell down. Also, material costs
(rock) were fairly cheap and labor
most of the time was probably pretty
cheap too. Add that all up, and you
would tend to build things massively
to avoid any problems.

| see the same thing happening today

in construction, and | don’t like it.
I've seen designs where the engi-
neers called out massive beams, put
in huge foundations, and subwalls
with too much concrete and too
much reinforcing. When | see that, |

realize the engineer was either too
lazy or lacked the knowledge to do
proper calculations. Not only does
this type of “design” waste material
and labor, it can lead to failure too.
If the engineer just guesses how big
to make something, how does he or
she know it’s big enough? Also, how
does making something ridiculously
big affect the rest of the structure?

When the Romans used “Hell For
Stout” theory, they had experience
of what worked and what didn’t. If
somebody built something that didn’t
work, it was remembered because
that guy was fed to the lions. I've
personally known engineers that just
guessed what they thought was a
suitably large design for whatever
they were putting on paper. There
was no experience involved, or
knowing what did or didn’t work. It
was just sloppy engineering that
added to the job cost, and some-
times led to failure.

In my opinion there is no excuse
today for using “Hell For Stout”
design. Possibly if I'm designing a
locomotive, and | need to design an
obscure connection for a railing it
might make sense. It also might
make sense if someone wants to live
in a stone house that is built like a
pyramid. However, since we are
using concrete, wood, and steel to
build with, the Residential Code is
full of handy tables, and computers
are cheap, this is a design theory that
needs to be history.

The Romans didn’t have the benefit of computers when
they built this aqueduct, so they had to make it massive to
be sure it wouldn’t fall down. Still, they made use of arches
to make a more elegant design, unlike what we see today
when people guess and just make things big.




	February 2007

	Volume VII, Issue 2

	What They Don’t Teach In School

	From The Castle

	Page #

	February 2007



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJDFFile false

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /DAN <>

    /DEU <>

    /ESP <>

    /FRA <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /PTB <>

    /SUO <>

    /SVE <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



