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Validating the Results of Structural Engineering Software
By Clifford Schwinger, P.E., SECB and Eric J. Heller, E.I.T.

The previous Quality Assurance Corner article 
discussed the limitations of structural engineering 
software. This article discusses methods for validat-
ing the results of structural engineering computer 
analysis using simple manual calculations.

Engineers use computers because they can 
perform repetitive analysis and design cal-
culations thousands of times faster than if 
performed manually with a calculator and pencil. 
Obviously, if the wrong data is entered into 
the computer, the results will be incorrect. 
The purpose of validating a computer gener-
ated design with manual computations is to 
verify that data was entered into the program 
correctly, and that the software is employing 
rational and valid methodologies for design 
and analysis.
The goal of performing manual calculations 

to verify computer generated design is not 
necessarily to match the precise design pro-
vided by the computer analysis, but rather to 
get an answer that is comfortably close to the 
design provided by the program. As a general 
rule, if quick manual computations are within 
approximately10 percent of the results provided 
by the software, it is reasonable to assume that 
the computer analysis and design is correct. 
However, if manual computations differ from 
computer results by more than 20 percent, 
then there is a high likelihood that an error 
was made somewhere. Errors in computer-
generated designs are usually the result of 
incorrect input, incorrect understanding of 
program default settings or lack of under-
standing as to how the software works.
The first thing an engineer should do when 

reviewing a computerized design is to step 
back, look at the big picture and ask, “Does 
this make sense?” Although this might seem 
so obvious as to not warrant stating, it’s some-
thing that often does not happen. The engineer 
verifying if a computerized design “makes 
sense” obviously has to be an engineer with 
some level of experience. No structural en-
gineering firm should ever allow a computer 
generated design produced by a junior level, 
inexperienced engineer to leave the office 
without a review by a senior level engineer.

Validating Design of  
Gravity Load Framing

The strategy for validating the design of floor 
framing plans is to manually design one typical 
slab, beam, girder, column and foundation. If 
the manual design for these members closely 
matches the computer-generated design, then 
there is a high likelihood that the computer 
input, analysis and results for the other gravity 
framing members are correct. Manual design 
calculations should also be performed to 
review the design of critical members such as 
transfer girders. If the manual calculations do 
not closely match the computer output, then 
the model should be investigated for errors.
Printing reactions on structural steel floor 

framing plans can be extremely beneficial for 
verifying that the correct design loads were 
used. Manually computed reactions for typical 
beams and girders should closely match the 
computer generated values. Printing the re-
actions on steel framed floor plans allows the 
engineer to see the flow of the load through 
the structure. Mistakes that are commonly 
made when using a computer program to 
design gravity framing include not counting 
or double counting the structure self-weight 
(a software default setting) and not using or 
improperly using live load reductions and im-
properly assigning design loads. The accuracy 
of computer-generated designs is also highly 
dependent on the geometry that is defined by 
the user. Figure 1 shows a corner column in 
a concrete flat plate floor. On the left is the 
slab edge as modeled. On the right is the final 

required slab edge location. Architectural refine-
ments such as slab edge locations often occur 
when the structural design is almost complete. 
In the situation illustrated in Figure 1, moving 
the slab edge in from the faces of the column 
can result in significant loss of punching shear 
strength at the slab-to-column connection. 
Architectural changes such as this must be 
updated in the structural model to investigate 
what impact they have on the structure.

Validating Design of the  
Lateral Force-Resisting System
The multitude of building code-mandated 

load cases and combinations makes manual 
review of computer-designed lateral load re-
sisting systems a bit more complex than manual 
review of gravity load framing systems.

slab edge

corner
column

Slab edge as modeled Actual slab edge location

Figure 1: Illustration of discrepancy between slab edge as modeled and actual slab edge location.

The easiest to use software for calculating 
wind, seismic, snow and other loadings for 
IBC, ASCE7, and all state codes based on 
these codes ($195.00).
Tilt-up Concrete Wall Panels ($95.00).
Floor Vibration for Steel Beams and Joists 
($100.00).
Concrete beams with torsion ($45.00).

Demos at: www.struware.com
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While the complexity of precisely analyzing 
the various wind load cases and seismic load 
combinations is daunting, there is a way to 
quickly compute wind and seismic forces on 
regular shaped building structures to a level 
of accuracy sufficient for verifying designs 
produced by computer software.
The following procedures, while not precise 

enough for design, are generally accurate 
enough to verify that the computer results are 
correct for regular shaped buildings of low to 
moderate height. These procedures will flush 
out significant errors that might otherwise 
have slipped by had manual computations not 
been performed to validate the computer-
generated results.

Validating the Magnitude and 
Distribution of Wind Loads

•  Investigate wind loads in each 
orthogonal direction. (This 
is the basic wind load case. 
Investigate other load cases 
if appropriate for buildings 
with unusual geometries or 
framing configurations.)

•  Compute wind pressure 
(windward and leeward) at 
the base of building and roof.

•  Interpolate linearly from 
ground level to roof.

•  Compute the average 
pressure.

•  Compute the total wind 
load base shear.

•  Distribute wind loads to the lateral 
force-resisting elements in proportion to 
their tributary area. (Modify distribution 
where stiffnesses of lateral force-resisting 
elements vary significantly.)

•  Analyze braced frames, moment frames 
or shear walls using the proportioned 
wind load.

Validating the Magnitude and 
Distribution of Seismic Loads

•  Investigate seismic loads in each orthogonal 
direction. (Note: This procedure is 
appropriate for SDC “A” and “B”. For 
SDC “C” and higher, results from manual 
computations may be less than computer 
generated results depending on geometry 
and framing configuration.)

•  Compute the base shear in each direction 
using the computer calculated building 
period, T.

•  Compare the manually calculated value 
to the base shear determined by the 
computer analysis.

•  Distribute the load in a triangular load 
pattern (centroid of loading located 
two thirds of the building height above 
the base)

•  Distribute loads to the lateral force-
resisting elements in proportion to the 
tributary mass around each element.

•  Analyze braced frames, moment frames 
or shear walls using the proportioned 
lateral load.

The procedures above will generally be ac-
curate enough for regular shaped buildings of 
moderate height in areas of low to moderate 
seismicity within a level of accuracy that will 
catch significant errors in a computer analysis.
A common mistake with computer design of 

lateral force-resisting systems is the failure to 
consider load path issues where lateral loads 
pass through floor diaphragms from one lateral 
force-resisting element to another. Figure 2 
illustrates a condition where an out-of-plane 
offset irregularity in a braced frame transmits 
lateral loads into the floor diaphragm. While 
many software programs allow floor slabs to 
be assigned as diaphragms, not all programs 
will design the diaphragms. Validation of the 
computer’s results in these situations requires 
recognition of which structural members may 
not have been designed by the software.

Conclusion
Validating computer-generated structural de-

sign with manual computations is essential 
and can be accomplished quickly within an ac-
ceptable level of accuracy using rudimentary 
calculations. While those calculations may not 
be to a level of precision accurate enough for 
design, they are usually accurate enough to help 
engineers spot errors in a computer model.▪
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DESIGN  LEVEL  2  FLOOR  DIAPHRAGM
FOR  SHEAR  AND  MOMENT.  THIS
DESIGN  MAY  NOT  BE  PERFORMED
BY  THE  SOFTWARE.
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Figure 2: Illustration of a structural member 
(floor diaphragm) not designed by the software.

Clifford Schwinger, P.E., SECB is a Vice 
President at The Harman Group’s King of 
Prussia, PA office where he is the Quality 
Assurance Manager. He may be reached at 
cschwinger@harmangroup.com.

Eric Heller, E.I.T. is a graduate of Villanova 
University and is a Design Engineer at The 
Harman Group. He may be reached at 
eheller@harmangroup.com.
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SuperLaminate™ -  Not Your Ordinary Fiber Wrap System
Introducing the Next Generation of FRP 

* * * * *

Twenty years ago, QuakeWrap Presi-
dent, Professor Mo Ehsani helped 

introduce a radical idea to the construc-
tion industry, namely strengthening  
of  structures by epoxy bonding of FRP 
products.  In the following years, we 
received the first U.S. National Science 
Foundation grants to study Seismic Be-
havior of Columns and Masonry Walls 
retrofitted with FRP.  These pioneering 
efforts laid the foundation for a world-
wide accepted technique for repair 
and retrofit of structures. Today we 
lead this industry again by introducing 
SuperLaminate™, the next generation 
of FRP products.  SuperLaminate™ is a 
pre-cured FRP sheet manufactured in 
our ISO-9000 certified plant offering 
endless combinations of strength and 
stiffness in different directions.  The 

thin semi-flexible sheets are supplied 
in 300 feet (90 m) long rolls that can 
be as wide as 50 inches (1270 mm) 
and offer major cost-savings for many 
construction projects.  A single roll can 
be used to construct infinite numbers of 
cylindrical shells with diameters larger 
than 8 inches (200 mm).    

Advantages of SuperLaminate™:
One size fits all• 
Stronger than fiber wrap• 
ISO-9000 certified plant• 
Up to 80% faster construction time• 
Material properties known before  • 

 installation

You can learn more about these prod-
ucts by visiting 

www.SuperLaminate.com.  

Strengthening 
of concrete & 
masonry walls

Retrofit of 
beams, slabs 
and columns

Repair of un-
derwater piles 
without the 
need for costly 
divers 

Repair of 
columns below 
grade without 
the need for 
costly excavation

Trenchless 
repair of pipes 
and culverts, 
including spot 
repair

Blast retrofit 
of structures

Field-manufac-
tured cylindrical 
shell around 
square columns

(PipeMedic.com) (PileMedic.com)

(PileMedic.com)

PLEASE CALL US FOR A FREE EVALUATION BY ONE OF OUR STRUCTURAL 
ENGINEERS.    (520) 791-7000  OR   (866) QuakeWrap [782-5397] 
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