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ABSTRACT: This research investigates the collapse responses of a concrete moment frame considering
modeling uncertainties. These modeling uncertainties are considered for evaluating a collapse response
related to the modified Ibarra-Krawinkler moment-rotation parameters for beam and column elements of
a given structure. To analyze these uncertainties, the correlations between the model parameters in one
component and between two structural components were considered. Latin Hypercube Sampling (LHS)
method was employed to produce independent random variables. Moreover, Cholesky decomposition
was adopted to produce correlated random variables. Performing 281 simulations for the uncertainties
involved considering their inter-correlations, incremental dynamic analysis (IDA) was done using 44 far-
field accelerograms to determine structural collapse responses. Collapse responses of each simulation,
including mean collapse capacity, mean collapse drift and mean annual frequency, were obtained. Then,
the collapse responses were predicted using the response surface method and artificial neural network.
The results show that the Correlation coefticients (R) between the target data resulted from incremental
dynamic analysis (IDA), output data resulted from response surface method (RSM), and artificial neural
network (ANN) were obtained for the collapse responses above 0.98. The maximum prediction errors
for mean collapse capacity and mean collapse drift are less than 5% and for mean annual frequency less
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than 10% under the response surface method (RSM) and artificial neural network (ANN).

1- Introduction

The seismic performance of structures is evaluated
based on probability rules. In this regard, the incorporation
of uncertainty effects in modeling essentially changes the
mean and dispersion values of responses. Thus, estimating
parameters affecting uncertainty sources as accurately as
possible provides more realistic responses of structures’
seismic performance [1]. Modeling uncertainties in simulating
the collapse responses of structures is of high importance
because of the complicated and limited knowledge of model
parameters and collapse-related behavior, as well as the high
impact of the collapse level on the probability performance
of structures [2, 3]. Due to the inability of available tools to
evaluate structures’ collapse, it is necessary to idealize the
nonlinear behavior simulations and different deterioration,
strength, and stiffness sources of structural components.
Concentrated plastic hinge models are considered by
researchers to model the collapse behavior of structures.
Parameters used to define concentrated hinge models are
typically calibrated by empirical equations, which functions
as an important source of uncertainty in simulating structures’
collapse responses [4, 5].
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2- Methodology

To incorporate the effects of epistemic uncertainties on
collapse responses, the present study employs a four-story
concrete structure with a moment frame system. A nonlinear
concentrated plastic hinge model was employed to calculate
collapse responses. In addition, OpenSees was used to
perform modeling and nonlinear dynamic analyses. A total
of 44 far-fault earthquake records proposed by FEMA-P695
were utilized in the incremental dynamic analysis (IDA) [6].
The concentrated plastic hinge models of concrete structures
are developed using the material model proposed by Ibara
et al. [7, 8]. Figure 1 illustrates a concentrated plastic hinge
model with a tri-linear curve. The curve consists of an elastic
area, a post-yield area, a pre-capping area with a negative
slope, and a residual strength area. The yield moment is
represented as M ,» The post-yield, pre-capping, and post-
capping areas are defined by the plastic rotation capacity (
0., )» maximum moment (M, ), and post-capping rotation
capacity (#,.), respectively. The cycling stiffness and
strength deteriorations are calculated based on the cycling
energy damping (A ). Tables 1 and 2 represent the standard
deviations and correlations of the concentrated hinge model
parameters in a structural component and between structural
components.
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Fig. 1. Tri-linear backbone curve of the plastic hinge model

Table 1. The standard deviation of model parameters

M,
acap:pf lgl33:': ET sif 40 M M A
T 0.63 0.86 0.42 0.3 0.12 0.64

Table 2. Correlations between parameters of a component and two structural components

COMPONENT 1 COMPONENT 2
Bcappnn | Bpa Elin | Mp | MdMa n Bcappz | Opa2 Elip | My | M/Mg 12

o | Bapan 1| 03 0| 01| 03| 01| 06| 03 0| 01| 02 0
E | &a 1| 01| 01| 01| 03 08| 01| 01| 01| 03
2| Emsify 1] 01 0 0 09| 01] 01 0
o g 1| 04| 01 09| 04| o1
2 (sym.) (sym.)
o | McMn 0.2 08| 01
Yy 1 06
o | Ban 1] 03 0| 01| 03] 01
5| b 01| 01| 01| 03
2| Ele 1| 01 0 0
=] (symmetric)
&| Mg 1] 04| 01
2 (sym.)
o | MM 1] 02
(9]

je 1

3- Discussion and Result

In this study, 281 dependent samples were produced
and simulated to determine the input data and make
response levels for 12 epistemic uncertainties. Then, IDA
was performed using the Hunt-Fill algorithm with the 44
records for each simulation under uncertainty conditions.
The collapse responses, including Saw”apw and Driﬁw”apse,
were obtained for each of the 44 records. Then, the mean
collapse capacity £/, and mean collapse drift were
obtained for each simulation by the mean Valﬁgé’f’of the

collapse responses. This was repeated for 281 simulations to

504

obtain the mean collapse capacity and a mean collapse drift
for each simulation. The results were used as the target inputs
in artificial neural networks (ANNs) and the response surface
method (RSM). A total of 185,460 nonlinear dynamic time-
history analyses were carried out for 281 simulations by the
Hunt-Fill algorithm with epistemic uncertainties, 44 records,
and 15 incremental steps for each record. The Pareto chart
was applied to represent the contribution percentages of the
uncertainties in the mean collapse capacities. According to
Figure 2, the contribution percentages of uncertainties in
the beams in the collapse capacity response are 15.16%,
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Fig. 2. The contribution percentages of the uncertainties to the collapse capacity

Table 3. The estimated pSa, uDrif, and MAF values at the levels of 16%, 50%, and 84%

IDA RSM ANN RSM ANN
N. Samples 281 281 281 10000 10000
16% | 0.889815 | 0.894587 | 0.901519 | 051179 | 0.89639
MU, 50% | 1.341208 | 1.387041 | 1348254 | 1.3641 1.3547
849% | 1546592 | 1.945388 | 1.951696 | 1.9411 1.9714
16% | 0.32655 | 0.032235 | 0.033337 | 0.033634 | 0.0331
Hpy 50% | 0.049541 | 0.051078 | 0.050261 | 0.051604 | 0.0497
84% | 0.075671 | 0.07321 | 0.075747 | 0.07279 0.0755
16% | 9.293E-05 | 9.674E-05 | 0.0001015 | 9.579E-05 | 9.718E-05
MAF 50% | 0.0002146 | 0.0002123 | 0.0002109 | 0.000206% | 0.0002163
849 | 0.0004638 | 0.0004525 | 0.0004768 | 0.0004534 | 0.0004767

18.37%, 1.%9[%, 31.28%, 1.54%, and 10.75% for 6, . 0 ,
EISWO, M, —=, and A , respectively. Also, the contribution
percentage%f the column uncertainties were all below 5%,
and the interactions between the uncertainties accounted for
14.72% of the structure’s collapse capacity response.

This study adopted the RSM and an ANN to predict
collapse  responses  while incorporating epistemic
uncertainties. The input data of the ANN were specifications
of 12 epistemic uncertainties. The target data were the mean
collapse capacity, mean collapse drift, and mean collapse
annual frequency (MAF) obtained from IDAs performed on
281 simulations. Also, the output data of the ANN’s output
layer were the mean collapse capacity, mean collapse drift,
and mean collapse annual frequency predicted by the ANN.

The correlation coefficients of the target and output data for
the mean collapse capacity were 0.9875 and 0.9877 in the
RSM and ANN approaches, respectively. The correlation
coefficients of the target and output data for the mean
collapse drift were 0.9811 and 0.987 in the RSM and ANN
approaches, respectively. Finally, the correlation coefficients
of the target and output data for the mean annual collapse
frequency were 0.9875 and 0.9814 in the RSM and ANN
approaches, respectively. Table 3 provides the structure’s
collapse responses at the levels of 16%, 50%, and 84% for
the 281 simulations and the values obtained from the IDA,
RSM, and ANN approaches. In the next step, 10* simulations
were produced for the 12 epistemic uncertainties using the
Latin hypercube sampling (LHS) method. However, since a
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total of 6,600,000 nonlinear dynamic time-history analyses
are required for 10* simulations with 44 records and 15
incremental steps in the Hunt-Fill algorithm, it is difficult
or even impossible to perform this number of IDAs. Thus,
the structure’s collapse responses for the 10* simulations
were predicted only by the RSM and ANN methods. Table 3
represents the collapse responses at the levels of 16%, 50%,
and 84%.

4- Conclusions

As mention previously, applying a correlation coefficient
of above 98% between the IDA collapse responses and RSM
and ANN collapse responses and an error of below 10% in
collapse response predictions, it can be concluded that RSM
and ANN can be employed as high-accuracy prediction
methods to estimate structural collapse responses. Thus, time-
consuming dynamic time-history analyses are not required for
other simulations since RSM and ANN can predict structural
responses in a short time.
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Table 1. The specifications of the records

No.  loj ) olas, oS! Ju Brp g9 o JuSgd O PG?)
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I3 Sk g obes &
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\ Northridge Beverly Hills —  vaas gy D YoF Thrust  y4/aA - 16Y
Mulhol
\ Northridge ~ Canyon Conutry — ‘aa¥ sy D v.qa  Thrust 19/3A AT
WLC

v Duzce, Turkey Bolu IEEERR7A D YYS Strike-  a6/Ad < IAY
slip

¢ Imperial Valley Delta vava s D A Strike-  a3/a) A
slip

o Imperial Valley El Centro Array Yava  #/o D vag  Strike- T/ ¥ YA

#11 slip

$ Kobe, Japan Nishi-Akashi Y440 A C £ Strike-  f-/90 - 10)
slip

v Kobe, Japan Shin-Osaka yaas 1 D vo¢  Strike-  £-/20 IYE
slip

A Kocaeli, Turkey Duzce Y444 V/o D YV§ Strike-  YV/\A Nird
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q  Kocaeli, Turkey Arcelik Y444 V/o C ovYy Strike-  va/a4 < IYY
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Yo Landers Yermo Fire Station yaay v D YOf Strike-  fv/aA <IV¥
slip

1\ Landers Coolwater yaay vy D V) Strike-  yv/as - IfY
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\Y Loma Prieta Capitola YaAd o #a D YAQ Strike-  va/a0 - 1Y
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Y Loma Prieta Gilroy Array #3  yaAd &4 D Y. Strike-  va/af g
slip

14 Superstition El Cenro Imp. Co. \aAY ¢/ D yay Strike-  va/af Niv4
Hills slip

10 Superstition Poe Road (temp)  1aAy ¢/ D YeA Strike-  yv/va AN
Hills slip

\$ Cape Rio Dell Overpass yaay  V/- D Y Thrust  va/aA NN

Mendocino

y¢¥  Chi-Chi, Taiwan CHY101 YA v/e D A Thrust  A3/230 AR

yA  Chi-Chi, Taiwan TCU045 Y494 v/# C Yo Thrust  A3/330 - 10Y

14 San Fernando LA-Hollywood Stor yavy s D \als Thrust  yv/aa AR

Y. Friuli, Italy Tolmezzo Vave o gib C YD Thrust  ygivs -I¥0

'3 Manyjil, Iran Abbar yaq.  V/f C YY¥ Strike-  fa/aA - 10Y
slip

vy Hector Mine Hector Y494 YN C FAO Strike- forn < IYF
slip
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Table 3. The specifications of the beam sections and concentrated plastic hinge model parameters
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Table 4. The specifications of the colomn sections and concentrated plastic hinge model parameters
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Table 5. Correlations between parameters of a component and two structural components

COMPOMENT 1 COMPONENT 2
Beappn Bpa El:tn My | MMM ) Ocap,pi2 Opcz Eln M2 ML 2

| OBesppu 1 0.3 0 0.1 0.3 0.1 0.6 0.3 0 0.1 0.2 0
= Bpc1 1 0.1 0.1 0.1 0.3 0.8 0.1 0.1 0.1 0.3
Z | Elsth 1 0.1 0 0 09| 01 0.1 0
| g 1] 04| o1 09 o04] 01
= (sym.) (sym.)
o | Mc/Mpn 1 0.2 0.8 0.1
el 1 0.6
o | Beapp 1 0.3 0 0.1 0.3 0.1
E Bpc 1 0.1 0.1 0.1 0.3
2| ELwx , 1 0.1 0 0
o [symmetric)
o My 1 0.4 0.1
= (sym.)
(=] ].‘-Il:m.[}ﬂ 1 0.2
o
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24847, +1.986Z,, +1.427Z, +1.383Z,, -1.109Z Z,, -
0.973Z,Z, +1.863Z Z +0.514Z,Z, —1.234Z Z -

0.608Z7,Z,, —1.327Z,Z, +1.816Z,7Z, +1.765Z,Z  +

0.92,Z, +0.5092,Z, +1.372Z,Z, —0.989Z .Z, + Y0)
0.927Z,Z +0.647Z,Z, +1.216Z,Z, +1.01Z ,Z,

~0.704Z,Z, +1.494Z 7 +0.959Z 7, +1.104ZZ, + 0.74Z,Z,
~0.599Z,Z,, = 0.698Z,Z,, — 0.755Z ,Z,, —1.024Z ,Z,, ~
1.193Z,,Z,, = 0.599Z,,Z,, + 0.539Z > + 0.612Z, —

0392, - 0.706Z,,> — 0.525Z,> — 0.536Z,,7)
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Fig. 15. The ANN’s architecture in collapse response estimation
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output data for the mean collapse annual frequency in
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Table 7. The estimated pSa, pDrif, and MAF values at the levels of 16%, 50%, and 84%
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Fig. 22. Estimation of the psa error at the levels of 16%, 50% and 84%
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Fig. 24. Estimation of the MAF error at the levels of 16%, 50% and 84%
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Jod — il i oS! 31 oo liiw! b ousls (8 yro clslBOoLs FF gl (IDA (DMIM) Svio ol i N Camguy Joum

bm1 IM1 DM2 M2 bm3 IM3 bma M4 I DM5 IM5 DMé
0.001451 0.05 0.001347 0.05 0.001609 0.05 0.001422 0.05 0.001601 0.05 0.001498
0.004355 0.15 0.004038 0.15 0.00483 0.15 0.004269 0.15 0.004804( 0.15 0.004491
0.008053 0.3 0.008643 0.3 0.009776 03 0.008548 0.3 0.0089 03 0.008693
0.012629 0.5 0.014765 0.5 0.013293 0.4 0.014958 0.5 0.012069 0.5 0.014105
0017359 075 |0.016799( 0.625 |0.016589 05 0018671 0.75  0.015074| 0.75 |0.020686
0.022448 1.05 0.01764 0.75 0.02175 0.625 |[0.026634 1.05 0.020473 0.9 0.025635
0.028794 14 0.020612 0.9 0.030582 0.75 0.033692 14 0.025603 1.05 0.028544
0.033884 16 0.025815 1.05 0.043247 0.9 0.037504 16 0.030676 1.225 |0.030361
0.039458 18 003291 [ 1.225 |0.053375 1.05 |0.041242 18  0.035134| 14 |0.037059
0.047914 2.025 0.039054 14 0.048167( 1.225 |[0.044974| 2.025 0.040698 1.6 0.042354
0.057806 2225 0.044935 16 0.050129 14 0.048514 2.25 0.046537 18 0.050141
0.072123 25 0.051086 18 0.056448 | 1.533333 | 0.052012 2.5 0.05062 195 |0.056754
0.092327 2.75 0.057926 1.95 0.060972 | 1.622222 [ 0.056614 2.75 0.053327 2,05 0.061727
0.111701|2.8111111| 0.05893 | 1.983333 | 0.064799 | 1.681481 | 0.068828 | 2.933333 0.055167 | 2.116667 | 0.0652
= 0.074512 2.05 1.0098 | 1.720988 | 0.502089 | 3.055556 0.056382(2.161111( 0.067577

- 0.841379| 225 - - - - 0.979058[ 2.25 1.38407

IM6 DMm7 M7 bms8 M8 I DM9 IM9 DM10 IM10 DM11 | IM11
0.05 0.000708| 0.025 |0.000747( 0.025 0.000814| 0.025 |0.000973( 0.025 |[0.000661| 0.025
0.15 0.001417| 0.05 0.001493 0.05 0.001626| 0.05 0.001944 0.05 0.00132 0.05
03 0.002835 0.1 0.002984 0.1 0.003249 0.1 0.003885 0.1 0.00264 0.1
0.5 0.004253 0.15 0.004475 0.15 0.004873 0.15 0.005826 0.15 0.003959 0.15
0.75 |0.006417| 0.225 |0.006699| 0.225 0.007073| 0.225 |0.008248| 0.225 |0.005938( 0.225
1.05 0.008455 03 0.008537 0.3 0.009707 03 0.011282 03 0.007846 0.3
14 0.009238 0.4 0.011099 0.4 0.013962 0.4 0.01997 0.4 0.009591 0.4
18 0.010029 0.5 0.013327 0.5 0.019807 0.5 0.02663 0.5 0.012154 0.5
225 |0.012393| 0625 | 0.01599 | 0.625 0.029429| 0.625 |0.035571| 0.625 |0.019895( 0.625
Z5 0.014845 0.75 0.021903 0.75 0.040313 0.75 0.044043 0.75 0.025778 0.75
2.75 0.016271 0.9 0.029676 0.85 0.049703 0.85 0.050755 0.85 0.031581 0.9
2.933333|0.026141| 1.05 | 0.03594 [0.916667 0.054045|0.872222| 0.05794 | 0.916667 | 0.034674( 1.05
3.055556 | 0.039604 | 1.088889 0.061626 | 0.961111 0.066088 | 0.916667 | 0.070212 166667

0.961111 | 0.046185 | 1.
3.137037 0.851581 | 1.166667 | 0.969595 1.05 1.12434 1.05 1.00943 1.05 0.050027 | 1.192593

3.191358( - — | 6261432 1244444

DM12 IM12 DM13 IM13 DM14 IM14 DM15 | IM15 | DM16 | IM16 | DM17
0.001578( 0.05 |0.001463( 0.05 0.00141 0.05 |0.001682( 0.5 0.001419 0.05 |[0.001539
0.003157 0.1 0.004392 0.15 0.004227 0.15 0.003363 0.1 0.002838 0.1 0.004619
0.004736 0.15 0.008856 0.3 0.00634 0.225 [ 0.005043 0.15 0.004256( 0.15 0.006931
0.007106 0.225 0.01303 0.4 0.008418 03 0.007574| 0.225 0.006339| 0.225 |0.009247
0.009716 03 0.017749 0.5 0.013718 0.4 0.010554 0.3 0.008161 03 0.013612
0.014137 0.4 0.02103 0.625 |0.017634 0.5 0.015087 0.4 0.009891 0.4 0.013648
0.018703 0.5 0.019806 0.75 0.021593( 0.625 0.01704 0.5 0.013556 0.5 0.014589
0.023308( 0.625 | 0.02973 0.9 0.024303( 075 |0.016754( 0.625 0.018116| 0.625 |0.017649
0.025919 0.75 0.040349 1.05 0.032631 0.9 0.020719 0.75 0.02451 0.75 0.024067
0.030508 0.9 0.052208 1.225 |0.036436 1.05 0.028154 0.9 0.034555 0.9 0.030521
0.031409 1.05 0.063703 14 0.039941( 1.225 |0.036496 1.05 0.045114 1.05 0.036774
0.044478( 1225 | 0.07344 [ 1.533333 | 0.046854 14 0.042101

1166667 0.058451| 1.225 |[0.043385

0063662 1.4  [0.079941| 1.622222 | 0.054246 | 1.533333 | 0.046588 | 1.244444 007936 | 1.4 [0.049383
1.044 | 1.4444444|0.083971 1681481 [ 0.087476 | 1.562963 | 0.049355 | 1.296296 0.730134 | 1.444444 0.053693
101915 | 1.720988 | 0.975427 | 1.622222 | 0.159419 | 1.330864 - — | 0.05879
— [0.930019

IM17 DM18 | IM18 | DM19 | IM19 DM20 | IM20 | DM21 IM21 DM22 | IM22
0.05 |0.000767( 0.025 |0.000727( 0.025 0.001492| 0.05 |0.001114| 0.025 |0.001334( 0.05
0.15 0.001533 0.05 0.001453 0.05 0.004478| 0.15 0.002231 0.05 0.004001 0.15
0.225 | 0.003065 0.1 0.002905 0.1 0.006675| 0.225 | 0.004465 0.1 0.008027 0.3
0.3 0.004598| 0.15 0.004357 0.15 0.008839 03 0.006699 0.15 0.013321 0.5
0.4 0.006896( 0.225 |0.006534| 0.225 0.011927 0.4 0.010262| 0.225 |[0.026349( 0.625
0.5 0.008694 03 0.008769 03 0.01555 0.5 0.012084 03 0.039187 0.75
0.625 (0.010336 0.4 0.011371 0.4 0.020316| 0.625 |0.013605 0.4 0.047638 0.9
075 |0.011628( 0.5 |0.013804 05  0.024571| 0.75 |0.017541 05 0.0496 1.05
0.9 0.020097| 0.625 |0.015135| 0.625 0.031012 0.9 0.021797| 0.625 |0.050865| 1.225
1.05 0.045084( 0.75 0.016885 0.75 0.036289 1.05 0.025192 0.75 0.050387 14
1.166667 | 0.058267 | 0.783333 | 0.023615 0.9 0.043418| 1.225 |0.027208 0.9 0.047891 16
1.24444410.880125 0.85 |0.039377 1.05 0051757 1.4 |0.035292| 1.05 |0.051401 18

129629 — | 0.052585| 1.166667 0.054093 | 1.444444 [ 0.044882 | 1.166667 [ 0.054013| 1.95

1330864| - — | 0.058417| 1.244444 1.212486 | 1.474074 [ 0.048529 | 1.192593 [ 0.056099 [ 2.05

1353909 - —  |o0066582|1.296296 - — | 0150331 1.244444 | 0.600007 | 2.116667
14 — |o0426573| 1.4

DMm23 IM23 DM24 IM24 DMm25 IM25 DM26 | IM26 | DM27 IM27 | DM28
0.001929 0.05 0.000783| 0.025 |0.001629 0.05 0.000774| 0.025 0.000658| 0.025 |0.000719
0.005789 0.15 0.001567 0.05 0.004893 0.15 0.001546 0.05 0.001316( 0.05 0.001439
0.008784 0.225 0.003136 0.1 0.01009 0.3 0.003091 0.1 0.00263 0.1 0.002879
0.011887 03 0.004704( 0.15 |0.014817 0.4 0.004636( 0.15  0.003944| 0.15 |0.004319
0.014384 0.4 0.007057 0.225 |0.019177 0.5 0.006943 | 0.225 0.005916| 0.225 |0.006479
0.020466 0.5 0.009516 0.3 0.023944( 0.625 | 0.009289 0.3 0.007836 03 0.009114
0.024264 0.625 0.013939 0.4 0.02827 0.75 0.013505 0.4 0.012708 0.4 0.0142
0.028066( 0.75 |0.019984 05 0.033133 0.9 0018595 0.5  0.020269 05 [0.025222
0.033301 0.9 0.028115( 0.625 |0.036886 1.05 0.026843( 0.625 0.032441| 0.625 |0.027605
0.037562 1.05 0.034641 0.75 0.039962 1.225 0.03484 0.75 0.040764( 0.75 0.032703
0.043643 1.225 0.955218 0.9 0.042466 14 0.04581 0.9 0.037908 0.9 0.050256
0.052049 14 0.042967 1.05 0.044606 | 1.533333 | 0.060834 1.05 0.045695 1.05 0.940107
0.054633 | 1.444444410.297371| 1.166667 | 0.048401 | 1.622222 | 0.066317 | 1.088889 0.060087 | 1.166667
0.056302 | 1.4740741 = 0.051923 | 1.681481 | 0.069989 | 1.114815 0.351222| 1.192593
0.376491 | 1.5333333 - = 0.055454 ( 1.720988 | 0.41165 | 1.166667 - =
- = - = 0.303358 18 =

IM28 DM29 | IM29 | DM30 [ IM30 | DM31 IM31 | DM32 IM32 DM33 | IM33
0.025 |0.001485 0.05 0.001507 0.05 0.001537( 0.05 0.000911| 0.025 0.00136 0.05
0.05 0.004453 0.15 0.004518 0.15 0.004614| 0.15 0.001823 0.05 0.004079 0.15
0.1 0.006509| 0.225 |0.008275 0.3 0.008914 03 0.003647 0.1 0.006135| 0.225
0.15 |0.008305( 03 |0.010273( 04  0016434| 05 |[0.005471| 0.15 |0.008798| 0.3
0.225 |0.010173 0.4 0.011633 0.5 0.027346| 0.75 0.008025( 0.225 |0.011221 0.4
0.3 0.014486 0.5 0.014191( 0.625 0.038775 1.05 0.010362 03 0.011917 0.5
0.4 0.016506| 0.625 |0.016458 0.75 0.04849 14 0.013534 0.4 0.015715| 0.625
05 ]0.023875| 075 [0.020679| 0.9  0.054209 16 |0.016227 05 0.019372( 0.75
0.509259 [ 0.028848 0.9 0.021616 1.05 0.06049 1.8 41.7684 0.625 |0.022512 0.9
0.527778 [ 0.038024 1.05 0.028132( 1.225 0.066756| 2.025 |0.030692 0.75 0.028123 1.05
0.583333 ( 0.046001 | 1.166667 | 0.037427 14 0.072137 2.25 0.034 0.85 0.033109| 1.225
0.75 0.051283 [ 1.244444] 0.041819 1.533333 0.075461 | 2.416667 | 0.035482 [ 0.916667 | 0.037203 14
0.055605 [ 1.296296 | 0.046588 | 1.622222  0.0779 |[2.527778| 2.25047 | 0.961111 [ 0.040857 | 1.533333
0.058638 [ 1.330864 | 0.051179| 1.681481 0.081225 | 2.601852 = 0.047007 | 1.622222
= 2.73855 | 1.353909 [ 0.106814 | 1.720988 0.221045 | 2.651235 - = 0.917698 | 1.681481
- = - = - = - = 0.270128 18

DM34 IM34 DM35 IM35 DM36 IM36 DMm37 IM37 DM38 IM38 DM39
0.000745( 0.025 |0.001513 0.05 |0.001543| 0.05 |0.001475 0.05 0.001536| 0.05 |0.001685
0.001489 0.05 0.004538 0.15 0.004632 0.15 0.00295 0.1 0.004605 0.15 0.005053
0.002977 0.1 0.008515 0.3 0.006835( 0.225 | 0.004424 0.15 0.00685 0.225 | 0.009965
0.004464 0.15 0.015111 0.5 0.009201 03 0.006535| 0.225 0.00892 03 0.01433
0.006696 0.225 0.017466| 0.625 |0.013401 0.4 0.009085 03 0.010556 0.4 0.024252
0.009022 0.3 0.019333 0.75 0.017374 0.5 0.011081 0.4 0.013218 0.5 0.032728
0.012513 0.4 0.020764 0.9 0.018639( 0.625 |0.013611 0.5 0.015964( 0.625 |0.038642
0.015207 0.5 0.02262 1.05 |0.019445| 075 |0.017891| 0.625 0.018649| 0.75 |0.041622
0.017972 0.625 0.02746 1.225 |0.030171 0.9 0.02368 0.75 0.021169 0.9 0.043238
0.019438 0.75 0.032633 14 0.042328 1.05 0.030629 0.9 0.022122 1.05 0.04684
0.023496 0.9 0.039313 16 0.053181| 1.225 |0.039515 1.05 0.025072 1.225 0.04952
0.026033 1.05 | 0.047466 18 0.062713 14 0.048364 | 1.166667 0.032183 14 [0.053777
0.040528 | 1.1666667 | 0.055169 1.95 0.07072 | 1.533333 | 0.054432 | 1.244444 0.039652 | 1.533333| 0.057122
0.050142 | 1.1925926 | 0.06243 2.05 0.071983 [ 1.562963 | 0.058085 | 1.296296 0.04339 | 1.562963 [ 0.059399
0.76241 | 1.2444444 0.072521| 2.116667 | 1.12247 | 1.622222 | 0.967599 | 1.330864 0.053512| 1.622222| 0.06094

o= 0.134892 2.25 - == = 0.971733 18 0.822663

IM39 DM40 M40 DM41 IM41 DM42 IM42 DM43 M43 DMm44 IM44
0.05 |0.001482| 0.05 [0.000805| 0.025 0.000754| 0.025 |0.001468| 0.05 |0.000801( 0.025
0.15 0.004444| 0.15 0.00161 0.05 0.001508| 0.05 0.004406 0.15 0.001602 0.05
0.3 0.009333 03 0.003222 0.1 0.003017 0.1 0.006571( 0.225 | 0.003205 0.1
0.5 0.013932 0.4 0.004833 0.15 0.004527| 0.15 0.009451 03 0.004809 0.15
0.75 0.018113 0.5 0.007251| 0.225 0.006777| 0.225 |0.014482 0.4 0.00715 0.225
1.05 0.024544| 0.625 |0.010011 03 0.009106 03 0.020269 0.5 0.008217 0.3
14 0.0299 0.75 0.013141 0.4 0.011564 0.4 0.027231( 0.625 |0.013974 0.4
16 0.03481 09 0015912 05 0013251 05 [0.029584| 0.75 |0.023269| 0.5
18 0.039742 1.05 0.018192( 0.625 0.016829| 0.625 0.02961 0.9 0.032715| 0.625
2.025 (0.045502| 1.225 |0.020517 0.75 0.021225 0.75 0.033142 1.05 0.037234 0.75
2.25 0.050696 14 0.024947 0.9 0.023935 0.9 0.039076 1.225 |0.041659 0.9
2.416667| 0.054511 | 1.533333| 0.031464 1.05  0.028982| 1.05 |0.043291 14 0.048174( 1.05
2.527778| 0.05678 | 1.622222| 0.036165 | 1.166667 0.035617 | 1.166667 | 0.044351 | 1.444444 | 0.054866 | 1.166667
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