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3 Story Bending
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Given:
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Part 1: Determining the unknown mass of your structure
Step 1: Assemble the mass and stiffness matrices for your structure

For Example:  Find m,, givenm,, L, =L, =h, El_, & EI,

m A~ /515
2
u <
EIb 2 S/ )
L El
2 m, c YTV r>“3
u <
EIb 1 S/ )
L, EI
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Example (continued): m= |0 o0
0 0 0
0 0 0
0 0 0
[ 48E1. -24El
C C 0 0
h3 h3
S24E1, 24EIL, 6B, ~6:E1,
b’ h’ h? h?
; “6El, 8EI, 4EIy 2E1y
12 2h 2h
k =
~6-E1, 2E1y §EI, 4EI
0 +
2 2h h 2h
6El, -6EI, 2E1, ;
h? h? h
6El, -6EI, ; 2El,
B2 B2 h

Step 1: Mass and Stiffness

000
000

S O o O
oS o o O

4E1,

4EL,

+
h 2'h

2.E1y

2:h

Matrices (continued)

2EI,
h

2-Ely,

2'h

4EL, 4EI,

.|_
h 2'h
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Determining the unknown mass of your structure

Step 2: Perform Static Condensation (if necessary)

Example (continued):

48E1, -24E1,
h’ h’
Kt =
24E1, 24E1,
h’ h’

N

k tt k tt

. 6EI,
h2

. 6EI,
h2

6EI, G6EI,
h? h?

6El, 6EI,
h? h’

Tq1, -1
kOtkOOkOt
[8ET1, 4EIy 2E1y, 2EI,
+ 0
h 2h 2h h
2ETy 8EI, 4ETy 2EI,
+ 0
Koo 2h h 2h h
2EI, 4EI, 4EIy 2ETy
0 +
h h 2h 2h
2EI, 2ETy 4EI, 4EI
0
h 2h h 2h |




November 5, 2002
SE 180: Earthquake Engineering

Step 2: Static Condensation
(continued)

Example (continued):

24-E-]c- /<32-Ic2 + 63-Ic-Ib+ 18-Ib2> AE . <1o.102 +27Ic-Ib+ 9~Ib2>
k, = k- Kot koo™ kot = [ 2812 + 361c- T+ 9-1b2) -’ [ 28162+ 361 b + 912 b ]
A ETe 1016+ 27Te-Tb + 9-1b2) T 417 + 181c-Tb + 9-1b2)
[<281c +36Ich-|—9Ib>h] [\281c -|—36Ich+9Ib>h]_

Vo

Where k. is the condensed stiffness matrix

tt
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Determining the unknown mass of your structure

Step 3: Solve the Eigen-value problem to determine the determinant of

| [k]-w?[m] ]

Example (continued):

24.Elc (32'Icz+ 63-1Ic-Ib + 18'Ib2> —olml 4B <10-102+ 27-Ic-Ib + 9-Ib2>
) [ (281c2+ 36 1c b+ 9-1b) 1 [ (2812 + 36.1c-1b + 9162 -h
]-w'[m] = —— .
IYR:AMS 10-Ic™+ 27-Ic-Ib+ 9:Ib 24 BIc- 4Ic” + 18Ic-Ib+ 9:Ib Y 2-m2
[ (2816 + 361c-Tb + 912 -h? (2816 + 36.Tc- b + 916 -b°]

10
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Step 3: Eigen-value Problem
(continued)

Example (continued):

- wn] -

{576 E21c* 4 5184 16> 20 - 96 16 0° sl 12 & — 768 I E-0® 2 7 4 28 1% 00"t 0 2 - 43216% 0l ° Bl 5184 1P EX 02 - 15121° B oo 2 1F T — 482 Lo E-® 2 12107 - 216 e 0 ml b B o 4 36 0 o' ml b 2 Th 4 9.0 s 4% 2 10
[0°-(28 1% 4 36 1c I 4 9.16°) |

11
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Determining the unknown mass of your structure

Step 4: Plug the given values form,, L, L,, EI, & ®, into
[ [k]-w?[m] ]

Example (continued):

= (0, and solve for the unknown mass.

Given:
m, = 0.2 kg
L,=0.3048 m
L,=0.3048 m

El = 1.0889242 n-m?
®, = 12.566 rad/s
®, = 86.013rad/s

12
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(continued)

Example (continued):

Plugm,, L, Ly, EL & o, into || [i]- o’ [m] || =0

Solve for m,

<24-E-Ic3+216‘lc2-E-Ib—4‘Ic2-co Cmlh’ = 181c-o | *mIh*Ib+ 2161c ETb" - 90 lz.ml-h3.lb2>

© 1 T68EIC = 281c%0 | mIh + 15121° E1b+ 4321c E1b’ - 361c-0 | mlh’Tb— 90 lz‘ml-h3-lb2>]

m, = 0.949 kg

13
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Determining the unknown mass of your structure

Step 5: Perform a self-check on the value of the mass you just found

Plug the newly determined mass along with the remaining

| [k]-w?[m] ]

1s still equal to zero

®; Into and verify that the determinant

Example (continued):

<24-E-Ic3+216-lc2-E~Ib— 41*0 5 mlh’ = 181c-0 )" -mIh*Ib+ 2161c-ETb" = 90 22-m1-h3-Ib2>
m, = 24Elc

[h% 22-<768-E-Ic3— 28170 5 ml-h® + 15121> E-Tb + 4321c-E-b” = 36Ic-0 o -mI-h>Tb— 90 22-m1-h3-1b2>]

m, = 0.949 kg (same as with ®, — OK!)

14
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Part 2: Modal Analysis
Step 1: Determine the Mode Shapes ¢,

(k - wzm)u —0| Equationl

Continuing with the Eigen-value problem solution
(again, Matlab does this, or by hand for a 2-dof
system), for each W_ we get an associated ¢, € mode
shape. To do this (for each identifiedW, ), go ahead
and substitute thisw_forW in Eq. 1 above. Upon this
substitution, you can solve for the corresponding
vector u, the components of which defines the mode

shape ¢ . 15
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(continued)
For the Previous example:
®, = 12.566 rad/s
2 2 [ 2 2\
SYRATS <32-Ic + 63-Ic-Ib + 18-113 > —colz-ml 4B e \10:Ic” + 27-Ic-Ib+ 9-1b7)
[ (2816 + 36.1c-b + 916 -h°] [ (2816 + 36:1c- b + 91 -b°] !1'397.103 _ 581_566]
/ 2 2 / 2 2) ) - ’
L /\10-10 +271c- b+ 9-Ib\> 2Ele 41 181c b+ 916’ o | [-581.566 242.065
[ (2812 4+ 36.Ic-Tb+ 916 -b°] [ 28162+ 36.Ic b+ 9162 -b°]

139710° -581.566] |® 11{_ [0]
-581.566 242.065 | |0 21

Let ¢,, = 1.0; therefore, ¢,, = 2.402

16
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(continued)
Example (continued):

®, = 86.011 rad/s

\
32162+ 63-Tc-Tb + 1812 10162+ 27-Te-Tb + 9-1b2)

—02*ml  -24EIc

24-Ele— \
[ 281+ 36 Ic b+ 917 -1’ [ (281 + 36 Ic b+ 9167 1’ ! -50.933  -581.566 ]
1

2 2) 2 2 0. 3
. . . . . . . . _581.566 _6-62 .10

[ (2812 + 36.1c b+ 9162 -h°] [ (28162 + 36.1c-1b + 917 -1

l-50.933 —581.566] 0 10 [o]

-581.566 -6.62910° | | § 9

Let ¢,, = 1.0; therefore, ¢,, =-0.0876

17
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(continued)
Example (continued):

First Mode Second Mode

(I) ) d)zz
X

Cl)n d_)lz

18
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Part 2: Modal Analysis
Li

Step 2: Determine the Modal Participation Factors v

by

NDOF
M, = 2 m;b; b
i1 ,

1

_d) NDOF i _



November 5, 2002 Step 2: Modal Participation

SE 180: Earthquake Engineering .
Factors (continued)
Example (continued):

NDOF

Mi — ZmJ¢J21
31

M, =m, 2 +m,d2, = (0.2)(1)2+ (0.949)(2.402)2 = 5.67535 kg
M, =m,;, +m,d3, = (0.2)(1)2+ (0.949)(-0.0876)% = 0.20728 kg

L, =m,b,, +m,d,, = (0.2)(1) + (0.949)(2.402) = 2.4795 kg
L, =m,d,, + mbd,, = (0.2)(1) + (0.949)(-0.0876) = 0.11687 kg

20
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Example (continued):

L, 2.4795 kg
— = = 0.437
M,  5.67535kg

L,  0.11687 kg
—2 = = 0.563
M, 020728 kg

Step 2: Modal Participation
Factors (continued)

21
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Part 2: Modal Analysis
Step 3: Determine K.

Ki — wizMi
K, = WM, = (12.566 )2 (5.67535) = 896.1625

K, =w>M, = (86.011)2(0.20728) = 1533.435

22
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Part 2: Modal Analysis
Step 4: Add Damping

Now, you can add any modal damping you wish (which 1s
another big plus, since you control the damping 1n each

mode individually). If you choose C; = 0.02 or 0.05, the
equations become:

di+2§iwiqi+wfqi=—;i i . i=12. ... NDOF

g

]
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Part 2: Modal Analysis
Step 5: Solve for q,(t)

Solve for g;(t) in the above uncoupled equations (using a SDOF-type
program), and the final solution 1s obtained from:

u==aq
u=aq
u=aq
i =ii+1i,

24



November 5, 2002 .
SE 180: Earthquake Engineering Step S SOIVC. for ql(t)
(continued)

We will solve for g,(t) using a modified version of the
spreadsheet for solving for the response of a SDOF
system using Newmark’s Method

25
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Part 3: Spreadsheet for Modal Analysis

Step-By-Step Procedure For Setting Up A Spreadsheet For Using
Newmark’s Method and Modal Analysis To Solve For The
Response Of A Multi-Degree Of Freedom (MDOF) System

Start with the equation of motion for a linear multi-degree of freedom
system with base ground excitation:

mu +cu + ku = —mliig

26
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Using Modal Analysis, we can rewrite the original coupled matrix
equation of motion as a set of un-coupled equations.
L.

G+ 20wd; +wiq, =i, i=1,2,...,NDOF

1

with initial conditions of d,(t=0)=d, and v,(t=0)=v,,

Note that total acceleration or absolute acceleration will be

qiabs = {; +ug

27
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We can solve each one separately (as a SDOF system), and compute
histories of q; and their time derivatives. To compute the system
response, plug the q vector back into u = ®q and get the u vector (and
the same for the time derivatives to get velocity and acceleration).

The beauty here 1s that there 1s no matrix operations involved, since the
matrix equation of motion has become a set of un-coupled equation,
each including only one generalized coordinate q .

In the spreadsheet, we will solve each mode 1n a separate worksheet.

28
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Step 1 - Define System Properties and Initial Conditions for First Mode

(A)Begin by setting up the cells for the Mass, Stiffness, and Damping
of the SDOF System (Fig. 1). These values are known.

(B) Set up the cells for the modal participation factor I\L/Ii and mode shape

1

¢. (Fig. 1). These values must be determined in advance using Modal
Analysis.

(C) Calculate the Natural Frequency of the SDOF system using the
equation

w; =K, /M, (Equation 1)

29
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Note: If the system damping 1s given in terms of the Modal Damping
Ratio ( C; ) then the Damping ( C; ) can be calculated using the equation:

C.=2C oM (Equation 2)

(D) Set up the cells for the 2 Newmark Coefficients a & 3 (Fig. 1),
which will allow for performing

a) the Average Acceleration Method, use o = 1 and f = L

2 6

b) the Linear Acceleration Method, use o = % and B = 1 .

4

(E) Set up cells (Fig. 1) for the initial displacement and velocity (d, and

v  respectively)
30
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Step 1 (continued)

il
|E] Fle Edt Wew Insert Format Tools Data Window Help Acrobst =& x|
DEE SB[ o8 @ o - 2 -u-B7uEEEEs%, BMES|-d-A-
k=

Al Jhd| =|

a "B [ ¢ [ o [ E F e T [T 7 [ 0 [ v [T L M [ N T 3
1 1
2 First Mode
S| w=| kg
4 Ky =| 276.52 MNim
5 Cy =|D.108758 w M-s/m
B | LM =| 074
L L Equation 2
8| ¢u=| 1574

10 i =| 16.62585%y  radis

11 f1=| 264657 Hz

12| t,=| oooa |
13 m*= |

Equation 1

15 MNewrmark Coefficients
16 a=] 05 |
17 & =] 0.166667 |

|20 Initial Conditions

21 do = 0 m

22 Yy = u] m

il

i

44| ¥ | K[ 15t Mode
Ready

I«

1 I I o B B/

Figure 1: Spreadsheet After Completing Step 1

31
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Step 2 — Set Up Columns for Solving The Equation of Motion Using
Newmark’s Method

Place a cell (Fig. 2) for the time increment (At).

Place columns (Fig. 2) for the time, base excitation, applied force
divided by mass, relative acceleration, relative velocity, and relative
displacement.

32
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EZ Microsoft Excel - Copy of NewmarkMethod Modal Analysis.xls

Step 2 (continued)

_[®] x|
| Fle Edt Miew Insert Formst Jools Data Window Help Acrobst S
IDEE|&R %< o2 - > avia -0 -BIU(E=E=Es %, WB|EEL-8A
|®
031 | =|
a8 [ ¢ [ o [ E [ F [ & [ H® [ 1 [ a0 [ w [ € [ M [ N ]

1

2 First Mode

T kg At | tsed) | W |(-LyM)E, | & & %

4 k=] 27EE2 | Nim 0.01

8| Ci=|o10975s | Nesim

B | L =| 074 1

7 gu=| 1 \Bas,e Exditation]

8| gu=| 1574

El .

10 o =|1BE2BE  radls 'Applied Force Divided By Mabs]

1 fi=| 264857 | Hz 7 J

12]  t,=| 00033 |

13| m," = 1005157 | d 1. N . 1]

2 [eratrve ZAAccergration

15 Mewrnark Coeficients

16 =] 05

17 & =| 0. 166667 | [ Pl PEN ]

8| | Relative Velocity[]

19

20 Initial Conditions

21 4= 0 m [ alative Dienl ’)ﬂﬁmﬂﬂf‘

_ \1 viatrovie UIDPIJU\JIIIUIALJ

22 ] 0 ul
E=l
| 24
125
| 26
127
25
29
30

M
1| 4[» [m] 15t Mode Kl LIJJ

Ready

S [ [ Y

Figure 2: Spreadsheet After Completing Step 2

33
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Step 3 — Enter the Time t & Applied Force f(t) into the Spreadsheet
t., =t +At (Equation 3) (Fig. 3)

For the earthquake problem (acceleration applied to base of the
structure), the applied force divided by the mass 1s calculated using:

Lo __ Ly Equation 4) (Fig. 3
MM e (Equation 4) (Fig. 3)

where, U o; 18 the applied base acceleration m
at step 1. (Typically this 1s the base excitation
time history)

—> (

Check the units of the input motion file.
They must be compatible with the units
of the mass, stiffness, and damping! 77777 u 77777

34



November 5, 2002
SE 180: Earthquake Engineering

E# Microsoft Excel - Copy of NewmarkMethod Modal Analysis.xls

J@ Fil= Edit W¥iew Insert Format Tools Data wWindow Help Acrobat

Step 3 (continued)

DS HE|&R Y| <o -2 o - »

J Arial

~ 10 -

BB
Ha

Jid| =| =-§B§E"G4
A | B | & | o | E | F | & | H |1 J [ i L MmN

1

2 First Mode

3 My=| 1 ky At tfsec) o, | (-Ly s - i

4 Ky=| 27652 Nm 0.01 [ -0.06282 [|0.046483259

5 Cy=|0.1097588  M-sim y 001 |-0.05914 |0.043764854

6 |Limy=| 074 0.02 |0.006203 |-0.003850502

7| #u=| 1 0.03 |0075961 |-0.086211422 anation 4 |

L et el |

8 du=| 1574 \J—} 0.04 |0067595 |-0.050020003

9 Equation 3 0.05 | 0.067455 |-0.049919279

10 w,=| 1662889 radss 0.06  |0.065777 |-0.048674691

1 fi=| 2684657 Hz 0.07 | 0083504 |-0.046993152

12 to=| 00033 | 0.08 | 0081543 |-0.045545391

13 | my =] 1.005157 | 0.09 0060357 |-0.044564359

14 0.1 | 0060173 |-0.044525165
3938 39.84 | 0.002425 [-0.001794516
3939 39.85 | 0.00222% [-0.001646389
3990 39.86 | 0.002042 [-0.001511348
3991 39.57 | 0.001873 |-0.001385768
3992 3588 | 0001723 |-0.00127 4574
3993 3580 | 0001558 [-0.001182338
3994 399 |0.001496 |-0.001106864
3995 39.91 | 0.001411 [-0.001044432
3996 39.92 | 0.00134 |-0.000991516
3997 39.93 | 0.001251 [-0.000947591
3998 39.94 | 0.00123 |-0.000910024
3999 3555 | 0001163 |-0.000875614
4000 3556 | 0001134 |-0.000838591
4001 39.97 | 0.001075 | -0.00075955
4002 3998 | 0.001006 [-0.000744197
4003 39.99 | 0.000325 |-0.000686691
4004 =
1414 [M]' 15t Mode Kl LIJJ
Roady \ Burm=0.024046045 L

Figure 3: Spreadsheet After Completing Step 3
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Step 4 — Compute Initial Values of the Relative Acceleration, Relative
Velocity, Relative Displacement, and Absolute Acceleration

(A) The Initial Relative Displacement and Relative Velocity are known
from the 1nitial conditions (Fig. 4).

q(t=0)=d, (Equation 5)
qt=0)=v, (Equation 6)
(B) The Initial Relative Acceleration (Fig. 4) 1s calculated using

q(t=0) = —%ﬁg ~2lwv, —o’d_, (Equation 7)
1

36
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Step 4 (continued)

E# Microsoft Excel - Copy of NewmarkMethod Modal Analysis.xls

J@ Fil= Edit W¥iew Insert Format Tools Data wWindow Help Acrobat

Ready

DS HE|&R Y| <o -2 o - 2| aral -0 -
B ®
031 | =|
A | B | © E F G H I J [ I [ m W] 3

L1

2 First Mode

3| M= ky At tfsec) e |-LM | G [ i

4 Ko=| 27652 | Mim 0.01 0 -0.06262 | 0.045483259 | 0.046483 0 0

5 ¢y =|0.109758 N-s/m 0.01 | -0.08814 | 0.043764854 4 4

B L= 074 0.02  |0.005203 |-0.003550502

7 gn=| 1 0.03  |0.075961 |-0.056211422

B ¢u=| 1574 0.04  |0.057595 | -0.050020003

9 0.05 |0.067458 |-0.048919279

10| oy =|16.62089 radis 0.06 | 0.065777 | -0.04067 4691

11 fi=| 264657 Hz 0.07 | 0.053504 | -0.045993152

12 t=| 00033 | 0.08 | 0.051549 | -0.045545891

13 m,"=[1005157 | 0,09 |0.050357 | -0.044664350 | Equatibn 5
|14 ] 0.1 |0.060173 | 0.044528165 —

15 Mewrnatk Coefficients 011 0.060825 | -0.045010552

16 a=[ 05 012 |D.0B1601 |-0.045584533 5 ]

17 =] 0. 166667 | 013 |0.061857 [-0.045773678 Equation 6 |

|16 ] 0.14  |0.061563 [-0.045556597 ~ i

119] 015 | 0.08112 |-0.045228759

20 Initial Canditions 016 | 0.060625 [-0.045012432 [ |

21 d,=] © m 0.7 |o.oe07o8 |-0.042324085 | | Equlation 7

2] w= D m 0.8 | 0.050653 | -0.044563375 B
123 ] 019 |0.060541 |-0.044500353
| 24| 0.2 |0.050319 [-0.044636076
125 | 0.21 | 0.050005 | -0.04440355
| 26 | 0.22 | 0.059668 |-0.044154408
127 | 0.23  |0.059424 [-0.04357 35665
125 0.24 | 0.056G67 |-0.043946302
129] 0.25 |0.050558 |-0.044073342
130 026 |0.059832 | -0.04427555 ..
1 0 0 0R01A7 -0 N4451F395

14| 4[p [M] 15t Mode Kl LIJJ

B [ [

Figure 4: Spreadsheet After Completing Step 4

37



November 5, 2002
SE 180: Earthquake Engineering

Step 5 — Compute Incremental Values of the Relative Acceleration,
Relative Velocity, Relative Displacement, and Absolute Acceleration At
Each Time Step (Fig. 5)

(A)
{_ Llﬁgm B Cl(Atqi + qu - K1(1At2(1 - 2B)qi +Atq; + Qij}
G, = M, 2 2 (Equation 8)
i+1 ml *
Qi = int(l - OL) + ;. Ata+q; (Equation 9)
. At o .
Qin =4 7(1 . 2B)+ qi, AP+ q;At+q; (Equation 10)

Where, the effective mass, m,*=M, +C,Ata + K At’B
38
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EZ Microsoft Excel - Copy of NewmarkMethod Modal Analysis.xls

J@ File Edit WView Insert Format Tools Data Window Help Acrobat

Step 5 (continued)

DS E (&R Y[ o2 - 2] -0 - BIUSE=E=E5 %, 43
BB
031 | =|
A [ B [ c [ o [ E [ F [ &6 | H J [ K [ 7

1
12 First Mode

5 My = 1 kg At tizec) U |(-L,M )i, d; 4 %

4| Ki=| 7652 | Nim 0.01 i -0.05252 | 0.045453259 | 0.045453 i i

6 |  Ci=[0109758  N-sim 001 | -0.05814 | 0.043764554 | 0.043089 | 0.00044756 | 2.26753E-05

B | LiMi=| 074 002 |0.005203 |-0.003850502

7 ogu=| 1 003 |0.075961 |-0.056211422

8| ¢u=| 1574 004 |0.057595 |-0.050020003

E] 0.05 |0.057458 | 0.048915279

10 wy=|16B2BE9  radis 0.05 | 0.085777 |-0.048674631

1 fi=| 264657 Hz 0.07 | 0.053504 |-0.046993152

12 t=| 00033 | 005 | 0.051549 |-0.045545991

13 my”=[1005157 | 0.09 | 0.050357 |-0.044664359 = .
[ 14] 01 |0.0B0173 [-0.044528165 Cquatmqn 10
14 MNewmark Coefficients 0N 0.060825 [-0.045010552

16 w=] 05 012 |0.061601 |-0.045584633

17 5=] 0. 16B6EY | 013 |0.051557 |-0.045773675 ] ]
115 014 |0.057563 |-0.045556597 Equaton ¥ |
119 015 | 0.05112 | 0045225799

20 Initial Conditions 0.16 | 0.050525 | 0.045012432

21 d=| @ m 017 |0.050709 |-0.044924985

2 w=| 0@ m 018 |0.060853 |-0.044883375 | | Equiation R
|23 0,19 |0.060541 [-0.044500393 | —+
|24 0.2 |0.050319 |-0.044636075
125 021 |0.050005 | -0.04440355
|25 022 | 0.059565 | 0.044154408
|27 023 |0.059424 | 0.043973565
125 024 |0.059357 |-0.043945302
129 025 |0.059559 |-0.044073342
130 026 |0.059832 | 004427556

& 37 N AR01A7 1.0 N44R1R35R
144 » (¥l 15t Mode / ||

Ready T e

Figure 5: Spreadsheet with values for the Relative Acceleration, Relative
Velocity, and Relative Displacement at Time Step 1
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Step 5 (continued)

(B) Then, highlight columns I, J, & K and rows 4 through to the last time
step (1n this example 4003) and “Fill Down™ (Ctrl+D).

See Figures 6 and 7.

Ed Microsoft Excel - Copy of NewmarkMethod Modal Analysis.xls
J@ File Edit Wiew Insert Format Tools Data ‘Window Help Acrobat

DS E|&R S| o2 @m 0w - > | aria
Lol
14003 -] =|
A | B | ¢ E F | © H 1] J K
1
2 First Mode
3 My = 9 kg A tisec) Ue |-, i, ; d; %
4 Ky =| 27B.52 im 0.0 0 -0.06282 | 0.046453259 | 0.0464583 0 0
i Cy=|0109758 M-s/m 0.01 -0.05914 | 0.043764554 |0.043089 | 0.00044786 | 2.26759E-06
6 |Li/Myi=| 074 0.02 |0.005203 |-0.003850502
7 P11 = 1 0.03 0.075961 |-0.056211422
L] ¢z =| 1.574 0.04 0.0675595 | -0.050020003
9 0.05 | 0.067458 |-0.049919279
10 w =| 16.62889 radis 0.06 |0.085777 |-0.048674691
11 fi=| 264657 Hz 0.07 | 0.063504 |-0.045993152
12 t,=| 0.0033 ‘ 0.05 | 0.061549 |-0.045545991
13| m,"=|1.005157 ‘ 0.09 | 0.060357 |-0.044664359
| 14 | 0.1 0.060173 |-0.044528165
15 Newrnark Coefficients 0.11 0.060825 [-0.045010552
16 =] 05 0.12 | 0.061601 |-0.045584633
17 £ =] 0166857 | 013 | 0.061857 |-0.045773875
| 18 | 0.14 | 0.061563 |-0.045556597
| 19 | 0.15 0.06112 |-0.045228759
20 Initial Conditions 0.16 0.060828 [-0.045012432
21 dy = 0 m 017 | 0.060709 |-0.044924986
22 Yy = 0 m 0.15 | 0.060653 |-0.044883375
|23 | 0.19 | 0.060541 |-0.044800323
| 24 | 0.2 |0.060313 |-0.044636076
| 25 | 0.21 | 0.050005 | -0.04440355
| 26 | 0.22 0.055668 | -0.044154408
| 27 | 0.23 0.055424 |-0.04397 3866
| 28 | 0.24 0.059357 | -0.043946302
129 | 0.25 | 0.059558 |-0.044073342
| 30 | 0.26 | 0.059832 | -0.04427556
4 na7 NNEAAE7 | N NAAS1E200 'l
14 [ 4]»[p4, 15t Made [4] Nim

Ready

| Bum=nossszsrez [ [ [ [ [ [

Figure 6: Highlighted Cells
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EZ Microsoft Excel - Copy of NewmarkMethod Modal Analysis.xls

Step 5 (continued)

J File Edit Wiew Insert Format Tools Data Window Help Acrobat
D2 E|&R %< -] 8@ o - » | aral -w-mzu ==
|B®
15 ﬂ =| =(H5-5E$5"(FE 42714 +J4)- FE B4 (FES42/27(1-2*5551 7114+ EF4" 4 Hd))BEF13
AT B [ ¢ T e [ E [T F T 6 ] H 0 7 J K [ M ]
1
2 First Mode
3 Mi=| 1 kg M t(sec) e  |-Ldig | & 4 %
4 Ky =| 276.52 M/ 0.01 0 -0.06252 | 0046453259 | 0.046483 1] 0
5 Cy=| 0109758 | N-sfm 0.01 -0.05214 | 0.043764854 [ 0.043089 | 0.00044786 | 2. 26759E-06
6 |LyMy=| 074 0.0z 0.005203 (-0.003850502 || -0.00615 | 0.00063253 | 8.0799E-06
i Py = 1 0.03 0.075861 (-0.056211422 ) -0.0599 | 0.00030229 | 1.32018E-05
(1] oy = 1.574 0.04 0.067595 (-0.050020003 || -0.05368 |-0.00026558 | 1.33335E-05
9 0.05 0067455 [-0.049515279 || -0.05205 |-0.00079422 | 8.02099E-06
10 w, =| 16.62889 | radis 0.06 0065777 | -0.04567 4691 | -0.04785 |-0.00129374 | -2 45378E-06
11 fi=| 2 64657 Hz 0.07 0063504 (-0.046993152 | -0.04191 (-0.00174257 | -1.76845E-05
12 {; =| 0.0033 | 0.08 0.061543 [-0.045545991 | -0.03506 |-0.00212741 | -3.70915E-05
13 my* =| 1.005157 | 0.09 0.060357 | -0.044664359 | -0.02F&1 |-0.00244172 | -5.99979E-05
14 0.1 0.060173 [-0.044528165 || -0.02054 |-0.00268345 | -8.56843E-05
3989 39.85 |0.002226 |-0.0016465859 | -0.63618 | 010993343 | 0.002251087
3990 39.86 | 0.002042 [-0.001511349 | -0.92903 | 010210736 | 0.003313732
3991 39.87 | 0.001873 |-0.001385769 | -1.19601 | 0.021458214 | 0.004283204
3992 39.858 | 0001723 |-0.001274574 | -1.425851 | 0.07835302 | 0.005135028
3993 39.89 | 00015595 |-0.001182336 | -1.62404 | 0.06308374 | 0.005543535
3994 39.9 00014596 | -0.001106554 | -1.7734 | 0.04609653 | 0.006390276
3995 3991 |0.001411 [-0.001044432 | -1.87382 | 0.02786044 | 0.006761598
3996 39.92 0.00134 [-0.000991816 | -1.92258 | 0.00887839 | 0.006545699
3997 39.93 | 0.001287 [-0.000947591 | -1.91843 | -0.0103267 | 0.006935422
3998 39.94 000123 [-0.000910024 || -1.8615 |-0.02922632 | 0.006740183
3999 39.95 | 0.001183 |-0.000875614 | -1.756342 |-0.04730023 | 0.005356646
4000 39.96 | 0001134 |-0.000838991 | -1.59723 |-0.06405419 | 0.005798569
4001 3997 | 0001075 | -0.0007955 | -1.39726 |-0.07802662 | 0.005051458
4002 3998 | 0.001006 |-0.000744157 | -1.15506 | -0.0918082 | 0.004225339
4003 3999 | 0.000928 |-0.000686691 | -0.88523 | -0.10204965 | 0.003253802
4004
4005 hd
1414 » [l 15t Mode 1<l L”J
Ready | Bum=-10.36093541 r

Figure 7: Spreadsheet After

“Filling Down” Columns I through K
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Step 6 — Create Additional Worksheet for Second Mode

Make a copy of the “15t Mode” worksheet by right clicking on the “15
Mode” tab and selecting “Move or Copy” (Fig. §)

E3 Microsoft Excel - Copy of NewmarkMethod Modal Analysis.xls - |5| |1|
|E] File Edit View Insert Format Tools Dats Window Help Acrobst 18] x|
D2 ary < o8 oo - > | arid -0 -8z oul|=E[=E B A -
e
15 | =| =(HE-§B 55" (FE$4/2714 +.4)- SE54 (BESA2Z 1 2 BH1 71714+ 5ES4~ M+ )13EF13
a 8 [ c [ o [ E [ F [ & [ H 1 [ 4 ] Kk [ C [ wm ]

1

2 First Mode

2| om=] kg M| tser) | Fg |(-LMGE | G 4 G

4 Ky=| 27652 NAm 0.01 1] -0.06282 | 0.046483259 | 0.046453 0 0

5 Gy =|0109758 | N-sim 0.01 -0.05914 | 0.043764854 |0.043085 | 0.00044786 | 2.26759E-06

6 | Li/My=| 074 0.02 0.005203 |-0.0035850502 || -0.00615 | 0.00063255 | 8.0799E-06

7 P11 = 1 0.03 0.075561 |-0.056211422 | -0.0599 | 0.00050229 | 1.32018E-05

L] do1=| 1574 0.04 0.067595 | -0.050020003 | -0.05368 | -0.00026558 | 1.33335E-05

9 0.05 0.067455 [-0.049919279 | -0.05205 | -0.00072422 | §.02099E-06

10 wy =| 1662889 rad/s 0.05 0.065777 [-0.045674691 || -0.04785 | -0.00122574 | -2 45375E-06

11 fi=| 2.64657 Hz 0.07 0.063504 [-0.045993152 | -0.04181 | -0.00174257 | -1.76849E-05

12 £, =| 0.0033 | 0.08 0.061549 [-0.045545091 || -0.03506 | -0.00212741 | -3.70919E-05

13| m,"=|1.005167 | 0.09 0.060357 |-0.044564359 | -0.02781 |-0.00244172 | -5.99979E-05
| 14 | 0.1 0.060173 |-0.044528165 || -0.02054 | -0.00268345 | -8 56843E-05

15 Mewmark Coefficients 0.1 0.060825 | -0.045010052 | -0.01333 | -0.00285281 | -0.000113426

16 o =‘ 0.5 0.12 0.061601 | -0.045584633 || -0.00586 | -0.002245877 | -0.000142496

17 & =| 0. 1BEEE7 | 0.13 0.061857 |-0.045773575 | 0.002153 | -0.00296729 | -0.000172143
| 18 | 0.14 0.061563 [-0.045556557 | 0.0105 |-0.00220403 | -0.000201569
| 19 | 0.15 0.06112 |-0.0452258799 | 0.018659 | -0.00275623 | -0.000229945

20 Initial Conditions 0.16 0.060525 [-0.045012432 | 0.026185 | -0.00253401 | -0.000256472

21 d = 0 m 017 0.060709 |-0.0445245956 | 0.032855 | -0.00223881 | -0.0002803592

22 Yo = 0 m 0.18 0.060653 [-0.044585833575 | 0.038567 | -0.0018817 | -0.000301042
| 23 | 0.19 0.060541 | -0.044800393 | 0.043254 | -0.00147259 | -0.000317653
| 24 | 0.2 0.060319 [-0.044536076 | 0.046526 | -0.00102219 | -0.000330356
125 | Insert... 0.21 0.050005 | -0.04440355 || 0.042174 |-0.00054219 | -0.000335198
| 26 | Delets 0.22 0.059665 [-0.044154408 | 0.050184 | -4 5329E-05 | -0.000341144
| 27 | Renamns 0.23 0.059424 |-0.043573566 | 0.045743 | 0.00045424 | -0.000332096
| 28 | 0.24 0.055357 | -0.043945302 | 0.047782 | 0.00094186 | -0.000332055
(29 ey e 025 | D0.059559 |-0 042073342 | 0.044356 | 0.00140255 | -0.000320349
| 30 | —_ 0.26 0.059832 | -0.04427556 |[0.039637 | 0.00182252 | -0.000304184

EX igw Code 077 | NnR01A7 |0 Ndds 1R=ee i nEs7eR q ANPTRERR | -1 ONN2A4N7 4
14 4| » | P 2SE M - |« J
Ready | Surm=-10.36083541 r

glstart |J :ﬂ @ e > 5 |J @C:lDo...l @Expla...l MDOm | Shdes...l @SI\des...l l:npy... @Newm | |B§§<E|§ 4“&%@%%&@%63 6:52 PM

Figure 8: Creating a Copy of 15t Mode Worksheet 42
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Step 6 (continued)

Then check the box for “Create a copy” and click on “OK” button
(Fig. 9)

FA Microsoft Excel - Copy of NewmarkMethod Mod;

J@ Eile Edit Wiew Insert Format Tools Data Window Help Acrobat

IDEHESRY < -8 |fmo - 2

JAriaI .10.|n;g|

| = | ={H5-$B5(FES4/2714-+ 4} SEA™(BE S 2/271-275 0517 714 -+-FEF47)4 +44))/5B51 3

T8 [ ¢ [ o [ [ F [ & [ H [ v [ o T w T € [ W™ [ n [ —
1
| 2 | First Mode
2| M= kg At t{sec) Uy |CL N, G d; s
4| Ky=| 27652 | MNm 0.01 0 | -006262 | 0.046483259 | 0.046483 [ [
5[ ¢;=[0109756 | N-sim 001 | -0.05914 | 0.043764854 |0.043009 | 0.00044786 | 2.26759E-06
6 |Lny=| 074 002 | 0005209 |-0.003850502 | -0.00615 | 0.00063253 | &.0799E-06
7| =] 1 003 | 0075961 |-0.066211422| 00559 | 0.00030229 | 1.32018E-05
8| =] 1574 004 | 0087595 |-0.050020003 | -0.05368 |-0.00026558 | 1.39335E-05
9 0.05 | 0.067458 |-0.049919279 || -0.05206 | -0.00079422 | 5.02099E-06
10| o,=166209  radis 006 | 0085777 |-0.048674691 | -0.04785 |-0.00125574 | -2 45375E-06
11 f=| 264857 | Hz 007 | 0083504 [-0.045593152 | -0.04191 |-0.00174257 | -1 7EE4SE-05
12| =] ooos | 008 | 0.081548 |-0.045545591 | -0.03506 |-0.00212741 | -3 70913E-05
13| m, =] 1005157 | 003 | 0.080357 [-0.044664350 | -0.02781 |-0.00244172 | -5.99973E-05
14| 01 | 0.060173 |-0.044526165 || -0.02054 |-0.00268345 | -6 5E643E-05
15| Newmark Coeflicients 011 | 0.080625 |-0.045010552 | -0.01333 |-0.00285281 | -0.000113426
16 a:] 05 012 | 0081601 |-0.045554653 | -0.00566 | -0.00294577 | -0.000142456
17 =] 0.16E6E7 | 013 | 0.081857 |-0.04577 3676 | 0.002153 | -0.00296729 | -0.000172143
18| 014 | 0.081563 |-0.045556597 | 00105 |-0.00290403 | -0.000201569
19 21x 015 | 0.06112 |-0.045225799 | 0.018659 |-0.00275623 | -0.000229945
20 e soloctod chac 016 | 0.080828 |-0.0450712452 | 0.026185 | -0.00253401 | -0.000256472
I 017 | 0080708 |-0.044324556 | 0.032655 | -0.00223881 | -0.000280352
72 JEE 018 | 0080653 |-0.044883375 | 0.038567 | -0.0018817 | -0.000301042
73] [<opy of Newmarktethod vodsla x| 019 | 0.060641 |-0.042000553 | 0.043254 | -0.00147259 | -0.000317663
[24] Before sheet: 0.2 | 0.06031% | -0.044636076 | 0.046826 | -0.00102219 | -0.000330356
(25| 021 | 0.080005 | -0.04440355 |0.049174 |-0.00054219 | -0.000335158
26| 022 | 0.059668 |-0.044154406 | 0.050184 | -4 5395E-05 | -0.0003471144
27 | 025 | 0.058424 |-0.04357 3066 | 0.049743 | 0.00045424 | -0,000339056
26| 024 | 0058367 |-0.043545502 | 0.047782 | 0.00094188 | -0.000332059
129 E 025 | 0.058556 |-0.044073342 | 0.044356 | 0.00140255 | -0.000320349
| 30| 5 026 |0.059832 | 0.04427556 |10.099657 | 0.00182252 | 0 000304184
31 ) 0 N.NFN1 -N 044517398 10 QRI qﬂﬂ'MF\QRF\ N ANAPR4AN7A J_
[ERENLLT 4

_OK Cancel

Ready - —I | Sum=-10.36083541 I

#start |J HyEZE > |J Bycipe..| Hech... | Em0o... | Esides...| Eisides...|[Ecopy - Htiew.. | [5G AR EL G  astm

Figure 9: Creating a Copy of 15t Mode Worksheet
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Rename this worksheet by right clicking on the “Ist Mode (2)” tab and
selecting “Rename”. Rename this worksheet “2" Mode” (Fig. 10)

Enter the appropriate values for M,, K, C,, h , 9,,d_, and v _(Fig. 10).

M,
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E3 Microsoft Excel - NewmarkMethod Modal Analysis.xls

Step 6 (continued)

J File Edit Wiew Insert Format Tools Data Window Help Acrobat
D2 E|&R %< | 8@ o - 7| aria
|B®
031 =l =|
A [ B | ¢ E F [ 6 ] H [ J K |
1 2
2 Second Mode
3 My = 1 kg At tisec) W, |- LIMI)ﬁg d; N 4
4 I =| 1951.652 Mém 0.01 0 -0.06252 | 0.016331956 | 0.016332 0 0
5 Cg =| 0.15152 M-sfm 0.01 -0.05814 | 0.01537684 |0.013841 | 0.00015087 | 7.75087E-07
6 LaWp=| 026 0.0z 0.005203 |-0.001352879 | -0.00653 | 0.00018744 | 2 63635E-06
i P2 = 1 003 0.075961 |-0.019749959 | -0.02725 | 1.8581E-05 | 3.83911E-06
g e =| -0.6356 0.04 0.067595 |-0.017574596 | -0.02283 |-0.00023204 | 2.73543E-06
9 0.05 0.067458 |-0.017539206 | -0.01627 |-0 00042776 | -6.18B5E-07
10 o =| 4417751 radis 006  |0.085777 |-0.017101815 | -0.0062 |-0.00054012 | -5.54191E-08
11 fy=|7.031068 Hz 0.07 0.063504 |-0.016511108 | 0.005164 |-0.00054532 | -1.10638E-05
12 £, =|0.001715 | 0.08 0.061545 |-0.016002645 | 0.015451 |-0.00044219 | -1 6087 2E-05
13| mg”=|1.033285 | 0.09  |0.080357 |-0.0156528583 | 0.02263 |-0.00025174 | -1.96166E-05
| 14 | 0.1 0.060173 |-0.015645031 | 0.025261 | -1.2284E-05 | -2.09586E-05
15 MNewrmnark Coefficients 0.11 0.060825 | -0.015814515 | 0.022508 | 0.00022855 | -1.96576E-05
16 @=] 05 012 |0.061601 |-0.016016222 | 0.016197 | 0.00042407 | -1.65357E-05
17 B =| 0.166667 | 013 0.061857 |-0.016082714 | 0.00B57 | 0.0005379 | -1.16485E-05
| 18 | 014 0.061563 |-0.016006372 | -0.00415 | 0.00055002 | -6.11969E-06
| 19 | 0.15 0.06112 | -0.0158912 | -0.01403 | 0.00045916 | -9.91467 E-07
20 Initial Conditiong 016 |0.080528 |-0.015815179 | -0.021258 | 0.00028263 | 2.77754E-06
21 d, = 1] tm 017 0.06070% |-0.015784454 | -0.02455 | 5.3498E-05 | 4 48582E-06
22 Wy = o m 018 0.060653 |-0.015769834 | -0.02319 |-0.00018519 | 3 81607E-06
| 23 | 019 |0.080541 |-0.015740675 | -0.01744 | -0.00035533 | 9.00572E-07
| 24 | 0.2 0.060315 | -0.015652946 | -0.00635 [-0.00051741 | -3.70365E-06
| 25 | 0.21 0.060005 |-0.015601247 | 0.002275 | -0.0005479 | -9.11897E-06
| 26 | 0.22 0.059668 |-0.015513711 | 0.012494 |-0.00047403 | -1.43137/E-05
| 27 | 0.23 0.059424 |-0.015450277 | 0.02031 |-0.00031002 | -1.82991E-05
| 268 | 0.24  |0.0593587 |-0.0154405593 | 0.024227 | -5.7325E-05 | -2.03155E-08
129 | 025 |0.059559 |-0.015485225 | 0.02351 | 0.00015136 | -1.99924E-08
| 30 | 026  |0.059532 |-0.015556275 | 0.015328 | 0.00036055 | -1.73897E-05
31 07 N ORA1E7 |- 015RANASA ] 0 ONSE: NNN&NNE7 | -1 =301 2Fn5
144 [pI 15t Mode ) 2nd Mode ¢ Lst Floor £ 2nd Floor gL £g2 {al fvi fdi £alT faz vz fdz fa2T ﬂ L”J

Ready

1 o o

Figure 10: Worksheet for Second Mode
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Step 7 — Repeat Step 6 for Additional Modes

Step 8 — Determine the Response at Each of the Floors

Determine the Response of the first floor using the equations:

46



November 5, 2002 .
SE 180: Earthquake Engineering S tep 8 (COI/I tlnl/led)

For example for a 2DOF structure, the first floor response is (Fig. 11)

u, =¢,q, +b,q, (Equation 11)
U, =9,9, +9,.9, (Equation 12)
i, =0¢,4q, +¢,,4, (Equation 13)
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and the second floor response 1s (Fig. 12)
u, =¢,q, +$,q, (Equation 14)
u, = ¢21q1 + ¢22q2 (Equation 15)
i, =¢,,4, +9,,4, (Equation 16)
The first floor absolute acceleration 1s
i, =1, +1 . (Equation 17)

The second floor absolute acceleration is

i, =1, +1, (Equation 18)
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Step 8 (continued)

3 Microsoft Excel - NewmarkMethod Modal Analysis.sls =12 x|

Fle Edit Wew Insert Format Tools Data Window Help Acrobat

|
DEE| el || o |4 s -

|

J Arial

TE

P33 Jhd| =|

A [ B [ ¢ [T o [ E [ F [ v T 1 |K|L|M|N\o|3

L1
2 First Floor
3 | ftlsec) i, 1, u, b
1 i 0.05g815 » ! w0 ]
5 0m D.%&E 0000989 | 3.04ENE] 00021
6 | 002 | -0.01268 0.00082K 1.07E-0N_-0.00748
7| 003 | 00714 mo0032i| \UFEOS[\0.01118
8 004 | -0.07REE -ME\%S 1.8\%35 -nggsa
9 [ 005 | -0.0RR32] -0.00N2| 7.4E56| -0080aR ;
10| 006 | -0.05408] -0.0med  -BE-ON 0.011798 Equation 17
1| o007 | 003675 -0.00229 &gg-cﬁ B\gia?s
12[ 008 | 0.01958] -0.00257| -5SE-05] 0.0415954 .
13[_0.09 | 0.00518] -0.00269] -BENG] 0.055ET Equation 11‘
14 071 0.00472] _-0.0027| -0.0001T\0.0648
15[ 011 | 0009573 -0.00262] -0.00013] MNQ70398 -
16| 0.2 | 0010338 0.00252] 0.00016] 0.K]154 Eéua‘[lon 12
18 04 | 000R354] -0.00235] -0.00021] 0.067N7
19 0715 | 0004633 -0.0023] -0.00023] 0.065753
22| 018 | 0015378 -0.00207| -0.0003] 0.076031 Eéuation 13
25| 021 | 0.051453] -0.00109] -0.00035] 0111458
26| 022 | 0062677 -0.00052 -0.00036] 0122345
27| 023 | 0.070053] 0.000144] -0.00036] 0129478
28| 024 0.07201] 0.000855] -0.00035] 0.1313%7
29| 025 | 0.067866] 0.001554] -0.00034] 0127424
30| 026 | 0057965 00D2183] -0.00032] D.117797
31| 027 |0043474] 0.00269] -0.0003 0.103631
32| 028 | 0026142 0.003038] -0.00027| 0.086728
33| 029 |0005216] 0.00321] -0.00024] 0.069259
3| 03 -0.0079] 0.003212] _-0.0002] 0.053384
35| 03 | 0.02036] 0.00307] -0.00017| 0.040857
3| 032 -0.0283] 0.002527|_-0.00014] 0.032731
37 | 033 | -0.03174] 0.002527] -0.00012] 0.029205
38[ 034 | -0.03134] 0002212 -33E05] D.029637
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Figure 11: First Floor Response
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Figure 12: Second Floor Response
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