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Chapter 7: Solving Structural Dynamic Problems Using DCALC
By Karl Hanson, S.E., P.E.*
September 2008

7.1 Introduction:

The last chapter presented the fundamental methods used in structural dynamicsto design
various gructures subject to forces and support movements. This chapter will discuss
how to use DCALC to solve problems of thistype.

Structural dynamics encompasses a variety of dynamic problems that structural engineers
ded with: macdine fourdations, beam vibrations, vortex wind-induced oscill ations and
seismic design. Seismic design is the most frequent dynamic problem that structural
engineas encourter in pradice After becoming familiar with modal analysis, youwill be
able to reaognize that the underlying methoddogy imbedded in bulding code seismic
design code eguations are based onfundamental structural dynamic methods.

DCALC's gructural dynamic gopli caions place an emphasis on solving dynamic
problems using the fundamental methods of structural dynamic theory. An emphasisis
placed on hav to dsasemble aMDOF system into multi ple SDOF systems, using modal
frequencies and shapes. The purpose of this chapter will explain the steps used in this
simple methoddogy, which can be gplied to a wide range of dynamic problems.

7.2 The Methodd ogy:

There ae severa ways to solve structural dynamic problems, varying from classcd
modal analysisto nonlinea numericd approades. We will focus on the traditional
elastic modal spedral approach methodsin this chapter .

Let’srevisit some of the key points described in Chapter 6:

- Structures are like musicd instruments: They have afundamental frequency and
“overtones”.
Ead frequency has amodal shape. Modal shapes are the ratios of displacements
of the nodes. It isa “shape withou dimensions”.
For each modal shape, the deflection d one massdetermines the defledions of all
masses, becaise the ratios of the displacaments are fixed. By knowing one
defledion, we can solve for al deflections.
We ae dleto separate a MDOF system into several SDOF systems because of a
property called “orthogonality” of normal modals. Othogonality isthe key
mathematica device used in modal analysis.
We analyze the separate SDOF systems using modal properties.
The overall defledionis determined by the superposition o defledions computed
for each frequency.

* DesignCalcs, Inc. (http://dcdc.us)
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Solving Structural Dynamic Problems Using DCALC

7.2.1 Methodology: Solving for Natural Frequencies and Moda Shapes

Steps for Determining Natural Frequencies and Modal Shapes DCALC

Program
1 | Mode astructure & a plane frame, spaceframe or plane grid FRAME
. AN
2 | Asdgn lumped masses to the model. DYNAMIC
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3 | Compute the natural frequencies and modal shapes. The number of
natural frequenciesisthe product of the number of massestimesthe
degrees of freedom.
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4 | Compute normali zed shape fadors using the foll owing equation:
fii = & /(S My ()™

At this paint in the process after running “FRAME” and “DYNAMIC”, you will have
solved for the natural frequencies and modal shapes of the structure. Having solved the
natural frequency and modal shapes, the difficult part is finished!
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7.2.2 Methodology: Solving Response Dueto a Force Applied To Structure

Steps for Solving Response Due to a Force Applied to Structure | DCALC

Program
1 | For each mode “j”, compute modal properties: MODAL
F3(t) ma
— =)
k3 r
Fa(y | m2 Fjct)
—=()
W Ei>
Flit m ’
——0) K]
k1 CJ
o
ACTUAL SYSTEM EQUINVALENT SYSTEM
FOR EACH MODE, W
Modal mass M; =SP; f?(result will be M;=1)

Modal stiffness K; =w®M; (=w* 1 = w?)
Modal damping: Cj=2e w; (where e=c/c; )

2 | For each mode “j”, compute modal force Fj(t):
Moda force F =Sf; F

3 | For each mode, compute the resporse, X; of the SDOF system to F(t):
For sinusoidal forces, use closed-formed solutionsto the
differential equetion

For linear-numericdly defined forces, use Duhamel’sintegral

4 | For each mode, compute the multi -degree of-freedom resporses at each
mass

xij =fij X

5 | For each mode, compute the equivalent static force & each mass
Featic.ii = W X;

6 | The maximum combined resporse & each massis typicdly computed
by,

Ximax =(S (Xij max)*)™”

The DCALC program “MODAL” was designed to read the “DYNAMIC” output and
automaticdly perform the éove steps. “FRAME” is designed to real the “MODAL”
output. It isimportant that the enginea appreciate the ancept of disassembling the
MDOF system into SDOF systems, and reaseembling the individual responses to get the
adua MDOF resporse.
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7.2.3 Methodology: Solving Response Due to General Support Movement
(Non-Code Described Response)

Steps for Solving Response Due to General Support Movement DCALC
(Non-Code Described Response) Program
1 | For each mode “j”, compute modal properties: MODAL

|Qr’nf:-
ki3 m2
k2
m |::> KJ
k1 C..I
Hs(tl" L Xsj(t) L

ACTUAL SYSTEM EQUINALENT SYSTEM
FOR EACH MOCE, W)

Moda mass M; = SP; f;?(result will be M;=1)

Moddl stiffness K; =w?’M; (=w’* 1 =w?)

Moda damping: Cj =2e w; (where e=ci/Ci, «)

0 &8 0

-, ¢ad my (akj )2+
€k=1 7]

n
Massparticipation, G :8&3 m, a,
k=1 2

2 | For each mode “j”, compute modal force F(t):
Modal Force, Fj (t) =-G Xs” (to be goplied to mass M;)
3 | Compute the SDOF response, X;:
For sinusoidal forces, use closed-formed solutions to the
differential equation
For linear-numericaly defined forces, use Duhamel’ s integral
4 | For each mode, compute the multi-degreeof-freedom drift resporse &
ead mass
uj = fij X
5 | For each mode, compute the equivalent static force & each mass
Faaic,ij = W~ Uj
6 | The maximum combined drift resporse & eat massistypicdly

computed by,
Uimax :(S (Uij max)z):u2

Again, the DCALC program “MODAL” was designed to read the “DY NAMIC” output
and automaticdly perform the dowve steps.
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7.2.4 Methodology: Solving Response Due to Seismic Movement
(Code Described Response)

The seismic analysis of buil dings and lridges differs from the analysis of structures that
are subjected to well defined movements. Earthquakes vary in size, are random in
frequency and intensity. We dso can't predict the diredion o an eathqueke.

Let’srevisit the discusson o Dr. Nathan Newmark’s work, mentioned in Chapter 6:
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Fig. 8: El Centro, Cdifornia, eathquake of May, 18, 1940
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Resporse of damped single degree of freedom system to general suppat motion, relative to
suppat (Duhamel’sintegral): _

U=x-xs=S e 1wp)xg ' Dt sinwp(t-t)
where xs” = support (ground) acceleration.

In the 1950's, Newmark computed the resporse of various SDOF systems to the El
Centro eathquaeke using the dove equation. Today, in the United States, earthquake
hazards fall within thejurisdiction d the United States Geologicd Survey (USGS). The
USGS has computed consolidated response spectrum based on vduminous eathqueke
data records.

Typicaly, bulding codes provide spedra accderation response formulas that are based
onthese studies. For example, in the former BOCA code, the resporse aceleration was
given by,

Ce1.2*A*SI(R* T

Today, the IBC and AASHTO codes use diff erent formulas for acceleration; however the

shapeis smewhat the same. Therefore, when making aseismic analysis, the response
of SDOF systemsis prescribed by the building codes (see “Step 2’ in foll owing table).
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7.2.4 Methodology: Solving Response Due to Seismic Movement

Solving Structural Dynamic Problems Using DCALC

(Code Described Response)

Steps for Solving Response Due to Seismic Movement DCALC
(Code Described Response) Program
1 | For each mode “j”, compute modal properties: MODAL
ma
@
k3 m?
k2
m KJ
k1 CJ
Hs(tl" L Xsj(t) L
ACTUAL SWETEM EQUMNVALENT SYSTEM
FOR EACH MODE, W)
Moda mass M; = SP; f;? (result will be M;=1)

Moddl stiffness K; =w?’M; (=w’* 1 =w?)
Moda damping: Cj=2e w; (where e=ci/Ci, «)
0 &8 0
-, ¢ad my (akj )2+

Ek=1 7]

n
Massparticipation, G :8&3 m, a,
k=1 2

2 | For each mode “j”, compute the spedral accderation response, Sa,
prescribed by the design spedficaion (i.e.,, AASHTO, IBC). Refer to
design specificaions for the seismic aceleration resporse equation,
which varies between spedfications.

3 | For each mode, compute the SDOF spedral displacement response,
Xj:

X(=G * Sl Wy’
4 | For each mode, compute the multi -degreeof-freedom drift resporse &
eat mass
uj =fi X
5 | For each mode, compute the eguivalent static force & each mass
Fatatic, i = W Uj
6 | The maximum combined resporse & each massis typicdly computed

by,
Ui =(S (Uij ma)2)™?
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7.2.4 Methodology: Solving Response Due to Seismic Movement
(Code Described Response)

After you become familiar with the modal methodology, youwill redizethat thereisa
grea deal of similarity between several types of dynamic problems. The previous tables
arevery similar, only differing in certain steps.

With pradice youmay also be aleto glean that certain bulding code equations appea
to resemble agpects of the modal methoddogy. Y ou may seethat certain code formulas
appea to resembl e things like massparticipation fadors (G) and modal shape factors
(fij). 1t may require some mathematics on your part to derive these relationship, bu the
relationships are gparent.

For example, let’sfocus onthe old 1993BOCA code, and howv one part of the code
relates to modal methodology:

1993BOCA code Moda Analysis Equivalent

Determining base shear in terms
of classcd moda analysis.

The modal accderation at amass
nocke “i” in mode “m”, is,

X =fim Gn * S* @
Where massparticipation is

2 n L. n L.
_ B 0 & 20
. G, =¢a WF =, gaWi(Fim)T
> Wi bim iz g €z 2
Wi = il The force on eadch massat eah
n 5 level is,
Z Wi Oim F = m*
i=1 =W,/g*X|”
where:
w, = The portion of the total gravity load of the building Thetota force & the basei S,

at level .
= Jg* x."
¢, = The displacement amplitude at the i level of the SF= Swilg®x

building when vibrating in its m™ mode.

After some manipulation of the dasscd modal approach equations, it will be recognized
that the BOCA equation for base shea, V, , isthesame & S F. The terms and symbadls
may be different, bu the ideas are the same.

The paint of thisdiversionisthat present seismic codes are derived from modal
methoddogy. If you can take the time to recognize relationships li ke these between the
code equations and modal methoddogy, the significance of the mde equations can be
better appredated.
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7.2.5 Methodology: Determining Maximum Force Effeds:

After completing the modal analysisto determine the maximum resporse of a structure to
adynamic loading, the next task isto determine what are the maximum forceeffectsin
the structure. It must be kept in mind that the maximum responses can oscill ate badkward
and forward, changing in diredion (athough thisisn’'t aways the case). Therefore, the
pseudo-static forces that will producethe maximum resporses can aso change diredions.

The below generic sketches show modal “ positive” static forces/displacements and
“negative’ static forces/displacement:

Mode 1: Positivediredion ... Negativedirection
Mode 2: Positivediredion ... Negativedirection
Mode 3: Positivediredion ... Negativedirection

Keeguing in mind that each mode occurs at a different rate, we need to ask which of the
diredions combine to cause the maximum force effed that we ae studying. For example,
there are many combinationsto look at: Modes 1+2+3, 1-2+3, 1-2-3, -1+2+3... We nedl
to determine what force effed (example: a @lumn moment), needs to be maximized.
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7.3 DCALC's Structural Dynamic Applications.
DCALC hasfour structural dynamic goplications, which refled the same methodcd
processthat is used in classcd structural dynamic theory:

1. OSCILATE: Computes the resporse of a single-degree-of- freedom (SDOF)
system subjeded to either aforced excitation a a suppat movement. This
program “goes bad to the basics’, using both closed form solutions to dfferential
equations and numerical approaches. The output is detail ed and referenced,
showing step-by-step solutions. The user may want to use this program to chedk
the modal solutionsin a multi-degreeof-freedom system.

2. DYNAMIC: Solvesfor the natural frequencies and modal shapes of plane frames,
spaceframes and grids. Two methods can be used to solve for the natural
frequency: Rayleigh’s Method (approximate) and Multi-Modal Analysis.

The Multi-Modal Analysis methodis a mathematicd problem of atype called an
“eigenproblem” (refer to Chapter 6 for detail ed dscusson). The “DYNAMIC”
program uses ftware code originally written in Fortran, by Bathe and Wilsonin
the 1970s (Ref. “Numericd Methods In Finite Element Analysis’, pulished by
Prentice and Hall, Inc., 1976). This program also uses datic condensation
procedures originally written in Fortran, by Mario Paz, in his excdlent text (Ref.
“Structural Dynamics, Theory and Computations’, pulished by Van Nostrand
Reinhdd Company, 1980).

3. MODAL: Computes the resporse of a multi-degree-of-freedom (MDOF) system
subjeded to either aforced excitation a suppat movement. This program is
based onmethods described in Dr. Mario Paz’ s book.

4. FRAME: This gructural analysis program is used in the beginning and end d the
process to generate the model (read by DYNAMIC), and, finally, to determine
forcesin the frame (reading MODAL '’ s gatic force output).

7.4 Example Problems:
In this next sedion, severa example problems are presented. The purpose of showing a
fair number of examplesistwo-fold:
To show how structural dynamic problems are formulated and what the results
look like. The user is encouraged to also run these example problems. The
processwill soon keaome eay with pradice
To compare DCALC'’s lutionsto published examples, for verification
pUrposes.

Fortunately, Dr. Paz’' s books have many examples that can be used for testing purposes.
Hisfirst edition , pulhished in 1980,included FORTRAN code for many programs that

Dr. Paz had written. In later editions of hisbook, e dso included many examples using
SAP 2000
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7.4.1 Example Problem 1a (*):

The following problem appeasin “ Structural Dynamics’, by Mario Paz, as Il ustrative
Example 3.2. The below frame suppats a rotating machine that exerts a horizontal force
at the girder level. 5% criticd damping is assumed.

We will solvethisusingthe “OSCILATE” program, modeling the frame a asimple
oscill ator.

In order to make this smplificaion, we will need to compute the lateral stiffnessof the
columns. Treding the two W8’ s as pinned onthe battom and fixed ontop, the lateral
stiffnessof the system is,

k = 3E(21)/L? = 3*30,000,000*2*69.2(12*15)%= 2136Ib/in

Comparison d Results:

Publi shed Results DCALC Results

Natural frequency of system, Natural frequency of system,
Wh = 7.41rad/sec Wh=7.417rad/sec

Stealy state resporse, Steady state resporse,

x =0.189in x =0.18in

* Note: DCALC inpu and ouput files for these examples can be downloaded from
http://dcd c.us’'Downloads'DYNAMIC.zip
- If youare alicensed DCALC user, youwill need to creae anew diredory, then
unzip the filesinto the new diredory.
If youarenot alicensed DCALC user and you are trying out the DCALC demo,

you will need to ureip the filesinto the C\DCALC\DEMO directory (however,
thiswill render all other DEMO cdculations uselessy.
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7.4.2 Example Problem 1b

We will solve the same problem as example problem 1a, bu using a diff erent method.
Rarely dowe encounter structures that can be modeled as smple oscill ators. For red
world structures, we neal to model a structure & an assemblage of elements.

The @owve frame shows a modeled representation d the previous problem. For the stiff
beam element, we have arbitrarily chasen a W36x150.We have lumped the 15 kips onto
Joint 2, rather than distributing the 15 kips over 10 fed, which isan equally valid

approad.

We will prepare this analysis runnng the foll owing order of DCALC programs:
1. Inpu the @bove model in FRAME. Save theinpu. (No need to analyze the frame)
2. RunDYNAMIC, retrieving the FRAME inpu file
3. RunMODAL, retrieving the DYNAMIC output file
4. RunFRAME. Retrieve the original inpu file. Add static forces from MODAL as
aload case. Runthe analysisto compute aial forces, moments and shears.

Youwill seethat the &ove processis quick, because the programs are designed to real
the previous programs resullts.

Comparison d Results:

Publi shed Results DCALC Results

Natural frequency of system, Natural frequency of system,

Wh = 7.41rad/sec W = 7.500rad/sec

Stealy state resporse, Steady state resporse,

x =0.189in x =0.1809in

Equivaent static force, Equivaent static force,

Fgaﬁc =0.403 k Fstatic =0.395 k

Maximum being moment in columns, Maximum being moment in columns,
M max = 36.324 kin M max = 35.55 kin
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7.4.2 Example Problem 2a:

The following problem appeasin “ Structural Dynamics’, by Mario Paz, as Il ustrative
Example 3.25.A 3860Ib maciineis mournted ona simple beam. The piston moves up
and davn in the machine, producing a harmonic force of magnitude 70001b and
frequency 60 radians a second. 106 critical damping is assumed.

We will solvethisusingthe “OSCILATE” program, modeling the beam as asimple
oscill ator.

In order to make this smplificaion, we will need to compute the verticd stiff nessof the
bean subjed to apoint load at the center.

k = 48E1/L® =48*30,0M,000%120(120* = 100,0001b/in

Comparison d Results:

Publi shed Results DCALC Results

Natural frequency of system, Natural frequency of system,
Wnh = 100rad/sec Wh = 100.051rad/sec

Stealy state responrse, Stealy state resporse,

x =0.1075in x =0.10in

Phase angle shift, Phase angle shift,

f =10.6 degrees f =10.6 dgrees
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7.4.2 Example Problem 2b

We will solve the same problem as example problem 2a, but will model the beam asa

frame.

The @owve frame shows a modeled representation d the bean in the previous problem.

As before, we will prepare this analysis running the following order of DCALC

programs:

1. Inpu the @bove model in FRAME. Save theinpu. (No need to analyze the frame)
2. RunDYNAMIC, retrieving the FRAME inpu file
3. RunMODAL, retrieving the DYNAMIC output file

Comparison d Results:

Publi shed Results DCALC Results

Natural frequency of system, Natural frequency of system,
W, = 100rad/sec W, = 98.319rad/sec

Stealy state resporse, Steady state resporse,

x =0.1075in x =0.1132in

Equivaent static force,
Fsaic = 10,8271b

Equivaent static force,
Faaic = 10,949Ib
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7.4.2 Example Problem 3:

The following problem appeasin “ Structural Dynamics’, by Mario Paz, as Il ustrative
Example 4.2. A tower is subjeded to ablast loading. The blast loading is defined by the
linea load shown below. Assume 5% criticad damping.

We will solvethisusing the “OSCILATE” program. The OSCILATE program will solve
the resporse of asimple oscill ator to either a sinusoidal forceor ageneral (non
sinusoidal) force Inthis case, the force datais linea-numericd.

Comparison d Results:

Publi shed Results

DCALC Results

Natural frequency of system,
W, = 31.62rad/sec
Maximum resporse,

x =1.291in

Maximum suppat readion,
F=129.132 k

Natural frequency of system,
Wn = 31.639rad/sec
Maximum resporse,

X =1.29in

Maximum suppat readion,
F=129.18 k
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7.4.2 Example Problem 4.

The following problem appeasin “ Structural Dynamics’, by Mario Paz, as Il ustrative
Example 11.1.A two-story frameis subjected to triangular impulsive forces at the floor
levels. The impulsive loads are defined by the linear loads shown in the sketch below.
Negled damping.

The aowve frame shows a modeled representation d the frame. For therigid floor
elements, arbitrarily very large redangular concrete members have been entered.

As before, we will prepare this analysis running the foll owing order of DCALC
programs:
1. Inpu the ébove model in FRAME. Savetheinput. (No need to analyze the frame)
2. RunDYNAMIC, retrieving the FRAME inpu file
3. RunMODAL, retrieving the DYNAMIC output file
4. RunFRAME. Retrieveinpu file. Add static forces from MODAL as aload case.

Comparison d Results:

Publi shed Results DCALC Results

Natural frequencies of system, Natural frequencies of system,
wy = 11.8rad/sec wy = 11.558rad/sec

w, = 32.9rad/sec w, = 33.639rad/sec
Maximum resporses, Maximum resporses,

X1 =0.62in X1 =0.637in

X>=0.79in X>=0.773in

Maximum sheas, Maximum sheas,

V1=9.514 k V,=10.00 k

V,=21.636 k(*) V,=7.58 k(*)

Youwill note that the seacondstory sheas do nd agree The referenced book has used a
conservative gproach for determining second story shears.
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7.4.2 Example Problem 5:

The following problem appeasin “ Structural Dynamics’, by Mario Paz, as Il ustrative
Example 11.2. The same two-story frame that was analyzed in example problem 4 will
be subjeded to a suddenly applied constant accderation d 0.28g at its base.

Dr. Paz' s book wses a dosed formed solution to the differential equation, where the
constant acceleration has no end time limit. For inpu into DCALC's MODAL program,
the end d the constant accderation has been arbitrarily set at 5 seconds.

Comparison d Results:

Published Results DCALC Results

Maximum drifts, Maximum drifts,

u; =1.426in u; =0.1240 ft =1. 488 in
u, =1.789in u, =0.1532 ft=1. 838 in
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7.4.2 Example Problem 6:

The following problem appeasin alater edition of Mario Paz's book, as Illustrative
Example 16.4. In later editions, Dr. Paz aso ill ustrated the use of SAP2000 as a practicd
design todl, in combination with classcdly derived solutions.

The sketch below shows a plane grid subjected to a suddenly applied vertical force:

Youwill neead to runthe usual sequence of DCALC programsto solve this problem:
1. Inpu the @bove model in FRAME. Save theinpu. (No need to analyze the frame)
2. RunDYNAMIC, retrieving the FRAME inpu file
3. RunMODAL, retrieving the DYNAMIC output file
4. RunFRAME. Retrieve inpu file. Add static forces from MODAL as aload case.

Comparison d Results:

Publi shed Results DCALC Results

Natural periods, Natural periods,

Mode 1, T=0.346 sec Mode 1, T=0.352 sec

Mode 2 T=0.086 sec Mode 2 T=0.086 sec

Mode 3, T=0.076 sec Mode 3, T=0.077 sec

Maximum displacement at Joint 1, Maximum displacement at Joint 1,
Ymax = 0.0784 in Ymax = 0.0941 in

Bending moments in Member 3, Joint Bending moments in Member 3, Joint
1 1

Mmx = 61,910 Ib*in Mmx = 74,470 Ib*in

Note that the maximum displacements differ slightly: 0.0784inch versus 0.0941inch.
Apparently the difference is because DCALC computes the maximum displacements as
the square roat of the sum of the squares, whereas the other software gopearsto be
superimpasing displacements over time. The moments also reflect this diff erence
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7.4.2 Example Problem 7:

The following problem appeasin alater edition of Mario Paz's book, as Illustrative
Example 6.5. The sketch below shows a shear building with rigid floors.

This problem has been solved by running “FRAME”, then “DY NAMIC".

Publi shed Results:

Jt 2
Jt 3
Jt4
Jt5
Jt6
Jt7

Natural Periods of Vibration

Modal Shapes

0.235 -0.662 0.941 1.000
0.471-1.000 0.662 -0.235
0.662 -0.824 -0.471 -0.941
0.824 -0.235 1.000 0.471
0.941 0.471-0.235 0.824
1.000 0.941 0.824 0.824

Period 0.684 0.245 0.162 0.129 0.112 0.104

0.824 0.471
-0.941 -0.824
0.235 1.000
0.662 -0.941
-1.000 0.662
0.471-0.235

(The above modal shapes have been adjusted to a
reference value of 1.00 at maximum displacement)

DCALC Reaults:

Jt2
Jt3
Jt4
Jt5
Jt6
Jt7

Natural Periods of Vibration

Period 0.699 0.235 0.142 0.106

Modal Shapes

0.212 -0.655 -0.942 1.000
0.426 -1.000 -0.700 -0.223
0.623 -0.857 0.432 -0.954
0.791 -0.294 1.000 0.441
0.920 0.420 0.274 0.843

0.089 0.081

0.843 0.475
-0.938 -0.834
0.227 1.000
0.685 -0.939
-1.000 0.660

1.000 0.944 -0.814 0.647 0.456 -0.233
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7.4.2 Example Problem 8:

The following problem appeasin alater edition of Mario Paz's book, as Illustrative
Example 15.5.The problem hereisto determine the first six natural frequencies and
cdculate the resporse due to the force F(t), shown in the sketch.

This problem has been solved by running “FRAME”, “DYNAMIC” and“MODAL".

Comparison d Results:

Publi shed Results

DCALC Results

Natural periods,

Mode 1, T=0.288 sec
Mode 2, T=0.275 sec
Mode 3, T=0.154 sec
Mode 4, T=0.113 sec
Mode 5, T=0.066 sec
Mode 6, T=0.0467 sec

Maximum displacements at Joint 2,

Xmx = 0.260 in
Ymx = 0.274in

Natural periods,

Mode 1, T=0.299 sec
Mode 2, T=0.272 sec
Mode 3, T=0.128 sec
Mode 4, T=0.112 sec
Mode 5, T=0.054 sec
Mode 6, T=0.039 sec

Maximum displacements at Joint 2,

Xmax = 0.1648 in
Ymx = 0.2853in

Note that the maximum displacements differ slightly in the x-diredion: 0.260inch versus
0.1648inch. Apparently the differenceis becaise DCALC computes the maximum
displacements as the square roat of the sum of the squares, whereas the other software
appeas to be superimposing displacanents over time.
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7.4.2 Example Problem 9:

The following problem appeasin a “Seismic Design for the Civil Professonal
Engineering Examination”, Third Edition, by Michad R. Lindeburg, P.E. The below
sketch shows aframe supporting adrill pressweighing 100,000 pounsl Assume 5%
damping. The problem is to compute the base shear and spectral responses for the 1940
El Centro N-S eathqueke.

In this book pultished in 1982 Mr. Lindeburg used tripartite spedra diagrams devel oped
by Blum, Newmark and Corning, pulished by the Portland Cement Association, 1961.
In this publdished design example, the spedral accelerationis S, = 0.85¢g for a structural
period d T=0.55semnds.

This problem has been solved by running “FRAME”, “DYNAMIC” and“MODAL".

For inpu into the MODAL program, we will use the 1993BOCA code equation,
S.=1.2*A*SIT?,

Working badkwards using S=1.0, requires A=0.476 g.

Comparison d Results:

Publi shed Results DCALC Results
Natural period, Natural period,
T=0.55 sec T=0.565 sec
Base sheatr, Base shear,

V =87,1301b V =84,470 |b
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7.4.2 Example Problem 9, at Other L ocations:
The previous problem will be solved using the seismic accéeration response computed
per the 2006International Building Code/ASCE 7-05.

A design tod for computing seismic accderation coefficients for buil dings is avail able on

the USGS website &
http://earthquake.usgs.gov/research/hazmaps/design/index.php

Thisdesign tod isfor IBC only! The AASHTO LRFD code includes a CD with asimilar
design todl, using different seismic aiteria. The IBC uses a maximum considered
eathquaeke based onan approximate 2500year return period, whereas AASHTO uses a
1000year return period.

After installi ng this software, you will see ascreen similar to the following screen:

Simply by inpuing zip codes for a projed location, you can look-up seismic parameters
for exad locaions anywherein the United States.

The previous frame was analyzed at four different cities using arbitrary different site
classs, with the foll owing results:

City Zip Code | SiteClass | SDs SD1 Base Shear
9 (9) (k)
Reno, Nevada 89501 B 1.003 0.404 72.339
Los Angeles, CA 90001 C 1.104 0.511 91.359
San Francisco, CA | 94080 C 1.402 1.002 141.871
St. Louis, Misouri | 63101 B 0.382 0.112 20.024
Dyersburg, 38024 B 1.676 0.43 76.877
Tennesee
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7.4.2 Example Problem 10:

The following problem analyzes the transverse dynamic behavior of arailroad bridge
pier. This design example was taken from an excdlent design example posted onthe
Internet (seehttp://www.structsource.com/rail roadbridge/seismic/seismicintro.htm ) The
bridge is subject to seismic aceleration coefficient based ona 75 year reoccurrence of
A75=0.22%). The site dassis S=1.2. Use 5% damping.

Railroad Bridge Pier FRAME Model
The bridgeis suppated on piles. The spring stiff nessvalues are based onpile and soil
properties (refer to web page for derivation).

We have gproadhed this problem somewhat differently than the referenced web page, by
constructing aFRAME model. In order to placethe combined massof superstructure and
substructure & the proper elevation, rigid members 8 thru 12 Fave been modeled, using
hinges at joints 2 and 4.

Comparison d Results:

Publi shed Results DCALC Results
Transverse natural period, Transverse natural period,
T=0.491 sec T=0.502 sec

Transverse seismic response Transverse seismic response
coefficient, coefficient,

Csm=0.51g Csm=0.501¢

Column Base Shears, Column Base Shears,

Left Column, V=185 k Left Column, V=183 k

Right Column, V=185 k Right Column, V=183 k
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7.4.2 Example Problem 11:
This problem isa @ntinuation d the rail road bridge described in the last problem. For
this analysis the longitudinal seismic resporseis calculated.

FRAME Model

Again, we have gproaded this problem somewhat diff erently than the referenced web
page, by constructing a FRAME model. This bridgeis smply supported, therefore hinges
are introduced into the model. The spring stiff ness values are based on ple and soil
properties (refer to web page for derivation).

Comparison d Results:

Publi shed Results DCALC Results
Longitudinal natural period, Longitudinal natural period,
T=0.66 sec T=0.653 sec

Longitudinal seismic response Longitudinal seismic response
coefficient, coefficient,

Csm=0.33¢g Csm=0.336¢g

Seismic load, Seismic load,

P =454k P =463k

Seismic deflection, Seismic deflection,

d =1.42inch d =1.41inch

Column shear, Column shear,

V=51 k per column VV=59.36 k per column
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