APPENDIX A
PRELIMINARY DESIGN CALCULATIONS

Specimen sizes were determined in the preliminary stages of this research based on the hand

calculations summarized in the following pages.

Relations were derived such that a range of column dimensions over each of the values of
slenderness (i.e. 100, 150, 200) produced a wide range of values of axial demand versus plastic
axial capacity so that possible trends could be observed more easily. Expressions for the limit
behavior of a specimen were developed. Weight on the specimen and the displacements at
formation of plastic collapse mechanism are presented in terms of the dimensions, the yield
stress, and the spectral acceleration needed for plastic collapse. The ratio of axial demand to the
axial force at yield is written in terms of the plastic spectral acceleration and the slenderness ratio

of the columns. These calculations appear on the following three pages.

Following those calculations are tables of the final selected nominal sizes and various other

parameters as described below:

e Table A-1 lists nominal dimensions of each specimen, followed by calculated mechanical
properties: moment of inertia, I, plastic modulus, Z, plastic axial capacity, Py, plastic moment
capacity, M,, lateral shear force at first yield, Vy, and the lateral shear force at full plastic
moment formation, V,. The spectral acceleration, S,, required to develop V,, in the specimen,
and obtained using the procedures described in pages A-3 to A-6, is also listed.

e Table A-2 lists the nominal specimens dimensions, resulting stiffness, and applied mass. All
these quantities are needed to calculate the fundamental frequencies and periods listed. Also
listed is the “design” base shear for elastic response, V., to find the level of table excitation

needed to produce a target ductility ratio of I = 4, and defined as equal to R-V,, where R is

taken as 4 in this case. The base shear coefficient (or spectral acceleration) is calculated for
this value of the base shear and compared with the preliminary value listed in table A-1.
Note that the definition of V, is for convenience in obtaining useful predictions of table
accelerations required to achieve target ductilities and ensure that the table excitation

capabilities are not exceeded. While this was done assuming a bilinear model yielding at M,
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(1.e. V), for the more sophisticated analyses expected to follow this study, one must

recognize that rectangular sections have a shape factor of 1.5, and that consequently,
V,=15V,

Table A-3 lists the results of dynamic analyses conducted to find the peak displacement
response of each specimen. Both a linear-elastic model and an elastic-perfectly-plastic
bilinear model were considered in these analyses, completed using the program NONLIN.
The elastic-perfectly-plastic bilinear model with the P-A effect included was used to calculate
the minimum PGA that could theoretically be applied to the model so the model would
progressively collapse under a single application of the ground motion history. This critical
PGA was used to calculate the peak displacement response with an elastic response spectrum
and also in the construction of an inelastic spectrum to compare with the NONLIN inelastic
analyses. “N/A” is listed in the displacement column of the inelastic spectra results when no
result could be read from the capacity-demand spectra plot. The minimum displacement
response of all of these techniques is extracted for each specimen. A sample inelastic
capacity-demand spectrum plot is shown for Specimen 2 in Figure A.1.

Table A-4 lists the results of dynamic analyses to find the peak acceleration response of each
specimen. Results are taken from the same analyses used in finding the displacement
responses in Table A-3. Results are compared with the design spectral acceleration values
for full plastic behavior.

Tables A-5 and A-6 list the results of strength and stability analyses using first and second
order methods, respectively. Parabolic limit equations for section strength are used, as well
as bilinear equations as per AISC (1994) using first order strength, and magnified using the
AISC moment magnification factor, and the inelastic P-A amplification factor presented in
Chapter 2 (Bernal 1987). Four pages of sample calculations precede these tables, displaying

the formulae used for the strength and stability check and results for Specimen 1, R=4.



Preliminary Calculations to find Specimen sizes

Rigid Plate on which other steel
b plates are piled and bolted,
’ totaling required weight

i
JER—
| \
A
4 Columns Tested Simultaneously
L
*Columns Bent in Double Curvature with k=1.0
A A&
Assumptions: Fy i= 50 “ksi k :=1.0 (Double Curvature)

R =40 (Response Modification Factor)

Seismic Base Shearis given by:  V=C S-W

VG Sa\ 1
ve ool 2 0
R IR/
where: S, : Design Spectral Response Acceleration

W: Weight on structure (Full Slab=4W)

Base Shear or Lateral Force on single column:

Sa'W
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Plastic Axial Capacity of Section:

2
Py-h Fy P=W (4a, b)
3
2(n%ry,
PoW Sat 2-h
P_= 2 = =S L (5)
y h 'Fy h Fy a
; . kL L
For a given slenderness: . =Given=—-12
r h
h
where: r=— for square sections, and k=1.0 as stated previously
12
Solving for h/L: E= «/E 6)
L (kL)
)
Rewriting (D) in terms of Slenderness using (6):
P 4,3 7
P (kL)
Y g | __
alr
Deformation due to reduced elastic Base Shear: V_/R:
0255 _W 0255 WL’
A H : a ' a
R=—= . . =
Ky 12-E-l E~h4
L5
SaW L\ SaW L) g
A R= — = —_— (8)
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Substitute expression for W in (3) into (&):

3 2
S, [2h ~Fy

RS o )
4-E -h SaL

A

L>5 Pyt

K| 2Eh

Preliminary Charts for square section of h =3/8" and h=1/&"

S, (9)| W (kip) [m (kg)| P/Py | Ar(in) |Ar/L(%)

kL/r= 200 L= 2165 h= 2/&

1.00 | 0.244 | 1O |[0.009| 1.0776 | 4.95%
050 | 0487 | 221 | 0.017 | 1.0776 | 4.95%
025 | 0.974 | 442 |0.035| 1.0776 | 4.95%

kL/r = 150 = 16.24 h= 3/6

1.00 | 0.325 | 147 | 0.012 | 0.6061 | 5.75%
050 | 0650 [ 295 | 0.025| 0.6061 | 5.75%
0.25 | 1.299 [ 5569 | 0.046| 0.6061 | 5.75%

kL/r = 100 L=1083 h= 2/&

1.00 | 04867 | 221 | 0.017 | 0.2694 | 2.49%
050 | 0974 | 442 |0.035| 0.2694 | 2.49%
025 | 1.949 | 884 |0.069| 0.2694 | 2.49%

S, (9) | W (kip) | m (kg) P/IVQy Ag (in) |Ar/L(%)

kL/r = 200 =722 = 1/8

1.00 | 0.027 | 123 [0.009| 0.3592 | 4.95%
050 | 0.024 | 245 | 0.017 | 0.2592 | 4.95%
025 | 0108 | 491 |0.035| 0.2592 | 4.95%

kL/r = 150 L=54 h= 18

1.00 [ 0.026 | 164 | 0.012 | 0.2020 | 5.75%
050 | 0.072 | 2.7 |0.023| 0.2020 | 3.75%
025 | 0144 | 655 |0.046| 0.2020 | 3.75%
013 | 0144 | 655 [0.092| 0.2020 | 3.73%

kL/r = 100 = 3.01 = 1/8

1.00 | 0.054 | 245 | 0.017 | 0.0696 | 2.49%
050 | 0108 [ 491 |0.035| 0.08698 | 2.49%
025 | 0217 | 96.2 |0.069| 0.08698 | 2.49%
013 | 0423 | 1964 | 0159 | 0.0696 | 2.49%
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Strength & Stability Calculations

(Check of Table values using Specimen #1 & R=4)
Specimen #1 Properties(single column): E =199946-MPa

h =4.8°mm L :=137.2'mm  mass = 34.98'kg W = mass'g W = 343°N

Cross-Sectional Area: Moment of Inertia:
4
2 2 h 4
A =h A _ =0.035-in [i=— [ =429emm
9 9 12
Plastic Section Modulus: Radius of Gyration:
o) 2
h -3 3 h
Zi=— Z=164810 " -ein r= |— r=14emm
4 12

Assumptions: Fy =50 ksi k=10 R:=4 use ¢ =10 for experiment

Critical compressive stress

k-L
from Table 3-50 in AISC LRFD Manual:  ¢F o = 20.46 ksi for — =100
r

¢ .= 085
o or|
Axial Capacity of Specimen #1: P 1= | —— A P =3764°N
g n
¢
Plastic Moment: M b = Z-Fy M b= 9309 N -mm
Plastic Axial Capacity: Py = Ag-Fy Py = 75619-N
P.o=W




Limit Analysis on Section:

Ultimate moment that can be applied on column based on limit analysis of cross
section strength interaction (Bruneau et al. 1998):

2
P M or
MPr =11 - . -MP MPr:9292°N-mm — 99.81+%,
Y M
P
2-M or
Corresponding Base Shear: Viim = 0 Viim = 199.2¢N
Viim R
Corresponding Spectral Acceleration: S alim = T-g S alim = 1.577 °g
18t Order Analysis (AISC 1994):
Pu & My Py
+ —- <1.0]| if >0.2
OP. 9 0M, 0P,
(AISC H1-1a)
P, My \ P
+ <1.0 if <02
2:9P . OM_ / 0P
L
—— =0.091 <02
0F,

Ultimate moment that can be applied on column based on 15t order strength
interaction:

Pu
Myq= | 1- M Mg =8885:N'mm M
' 2oP [ P = 95.44+7%
" P
2:M 1
Corresponding Base Shear: V= vy =129.521-N
L
ViR
Corresponding Spectral Acceleration: S a1 '@ T-g S al = 1.5086-¢g




2nd Order Analysis (AISC 1994): M =ByM +BoM  (AISCCH)

M =0 Bz o (C'l—4)
nt 2 .
1 P u A oh
VL
1
B, can be rewritten as: B o=
P
u
1-
K-L
12-E -l
where K := > is the lateral column stiffness
L
K=239.6-
Mmm
P u
Noting that the stability factor is given by: 0 = — 0 = 0.063
K-L
1
B, can be again rewritten as: B, = o

Ultimate moment on column based on 29 order analysis and strength interaction:

Py \ M p Mu2
My =11+ — Mo =8326°N-mm = 89.45°%
2¢Pn/52 Mp
Given:
2-M PU'A oh Pu
2:M=P ‘R-A_+V-L or = +Ll=—+L=L-(0+1)
4 % K
2M u.z2
Corresponding Base Shear: Vo is ———— Vo, =12.999-N
L(6+1)
VR
Corresponding Spectral Acceleration: S a2 = T-g S ap = 1.529-g




2nd Order Analysis, using inelastic amplification factor:
Inelastic P-A Amplification Factor (Bernal 1987):

T+ P36
) 1-0

o

where: B=1.87-(u -1

taking a target ductility of 4 B = 1.87-(4 - 1) B =56

1T+ B0
1-6

o= o =1444

Ultimate moment on column based on 29 order analysis and strength interaction:

M 1 KN M 6152 N "uze 66.09
= - o — o inin! = . °/
u.20 2-0-P o u.20 M
n P
Given:
C d Sh “Muza 84.239-N
orresponding Base Shear: Voo, =— Vs, =64 °
2007 g+ 1) 20
Vza'R
Corresponding Spectral Acceleration: S _ o = " °g S 4o = 0.982-g
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