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Statistical Homogeneity Tests and Multiple Comparison Analysis for Response
Characteristics between Treatments of Bridge Groups
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Abstract

This study tests homogeneity and performs multiple comparison analysis among treatment levels of each factor group through
t-test by materials and analysis of variance by structural type and service period. For that descriptive statistical analysis is
performed for static and dynamic response characteristics and their ratios of calculated versus measured values based on a good
many safety assessment reports for bridges. Homogeneity and post hoc test based on descriptive statistical analysis provide the
measures for homogeneity identification among comparison groups in addition to the statistical reference values such as central
tendency, variation and shape. This study is expected to be valuable for structural integrity assessment and design by comparing
the measured and calculated values with the reference values for the homogeneous group identified, which can help the engineers
review the adequacy of the values and put the group database to practical use.
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Table 1 Statistic for response ratio
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Table 2 Statistic for measured impact factor

PCB PCI SBG SPG TR

n 35 12 47 28 14 PCB PCI SBG SPG TR

mean 1.075 1.151 1.061 1.005 1.004 n 30 12 46 28 14
spY 0.118 0.197 0.065 0.114 0.082 mean 0.140 0.176 0.138 0.149 0.098
CV? 0.018 0.049 0.009 0.021 0.022 S.D 0.032 0.042 0.033 0.043 0.053
minimum 0.904 0.910 0.947 0.770 0.874 (OAY 0.042 0.070 0.035 0.054 0.144
maximum 1.360 1.583 1.235 1.230 1.152 minimum 0.087 0.076 0.059 0.060 0.034
range 0.456 0.673 0.288 0.460 0.278 maximum 0.220 0.218 0.197 0.238 0.218
skewness 0.687 0.968 0.657 -0.178 0.016 range 0.133 0.142 0.138 0.178 0.184
kurtosis -0.154 0.586 0.465 —0.369 —0.858 skewness 0.271 —1.226 —0.628 -0.078 0.868
1) SD : standard deviation 2) C.V : coefficient of variation kurosis 0.026 1.501 0.185 -0.194 0.288
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Table 3 Statistic for impact factor ratio

PCB PCI SBG SPG TR
n 25 11 47 28 14
mean 1.020 1.031 1.027 1.075 1.193
SD 0.015 0.031 0.033 0.107 0.047
CvV 0.003 0.009 0.005 0.019 0.011
minimum 1.002 1.001 0.950 0.943 1.110
maximum 1.049 1.103 1.102 1.294 1.266
range 0.047 0.102 0.152 0.351 0.156
skewness 0.764 1.244 0.385 1.008 -0.435
kurtosis —0.726 1.845 0.101 —-0.376 —0.868
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Fig. 1 Scatter plot for measured natural frequency

Table 4 Statistic for measured natural frequency

PCB PCI SBG SPG TR

n 31 8 47 22 14
mean 2.581 5.148 2.222 2.482 3.443
SD 0.240 0.444 0.520 0.755 1.436
CV 0.017 0.030 0.034 0.065 0.111
minimum 2.070 4.577 1.269 1.563 1.660
maximum 3.080 5.938 3.613 4.036 5.770
range 1.010 1.361 2.344 2.473 4.110
skewness —0.187 0.683 0.646 0.729 0.190
kurtosis 0.205 —0.099 0.058 —0.529 -1.126

Table 5 Statistic for natural frequency ratio

PCB PCI SBG SPG TR

n 37 10 48 26 12
mean 0.911 0.966 0.939 0.976 0.975
SD 0.060 0.036 0.053 0.046 0.047
CV 0.011 0.012 0.008 0.009 0.014

minimum 0.812 0.890 0.823 0.873 0.910

maximum 1.023 1.001 1.037 1.068 1.045

range 0.211 0.111 0.214 0.195 0.135
skewness —0.181 -1.124 —0.066 —-0.451 —0.004
kurtosis —1.028 0.946 —0.775 0.176 —1.385
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:HE’L7]-/g (HO) * Heoncrete — Msteel
q-]%7 (H) Heonerete = Hsteel

32 712 &4
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Table 6 Group statistic

material n mean star}dgrd standard
deviation error mean

response concrete | 46 1.084 0.125 0.018
ratio steel 87 | 1.040 0.082 0.009
measured concrete | 44 0.155 0.042 0.006
impact factor steel 86 | 0.135 0.040 0.004
impact concrete | 38 1.019 0.021 0.003
factor ratio steel 67 | 1.026 0.033 0.004
measured concrete | 32 2.591 0.242 0.043
natural frequency | steel 82 | 2434 0.765 0.084
natural concrete | 49 | 0.918 0.063 0.009
frequency ratio | steel | 86 | 0.955 0.053 0.006
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Table 7 Independent samples test

Levene’s test for equality of variances t—test for equality of means

P significance probability ; signiﬁcerlnce 'probability _mean standard
(2—tailed) difference error
response equal variances assumed . 0.000 2.443 0.016 0.044 0.018
ratio equal variances not assumed 2.153 0.035 0.044 0.020
' measured equal variances assumed 0,025 0.875 2.584 0.011 0.020 0.008
impact factor equal variances not assumed 2.543 0.013 0.020 0.008
impact 'factor equal variances assumed 6,898 0010 —1.044 0.299 —0.006 0.006
ratio equal variances not assumed —-1.181 0.240 —0.006 0.005
measured equal variances assumed 97,999 6,000 1.137 0.258 0.157 0.138
natural frequency | equal variances not assumed 1.659 0.100 0.157 0.095
natural - equal variances assumed 1966 0163 -3.629 0.000 -0.037 0.010
frequency ratio equal variances not assumed —3.466 0.001 —-0.037 0.011
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Table 8 Tests of between—subjects effects for response ratio

sum of mean significance
F o
squares square probability
corrected 0.251 0.042 3.567 0.003
model
intercept 72.666 72.666 6202.279 0.000
type 0.149 0.037 3.186 0.016
period 0.017 0.009 0.742 0.478
error 1.511 0.012
total 153.199
corrected
total 1.762

Table 9(a) Duncan’s multiple comparison for response ratio

structural n subgroup
type 1 2 3
TR 14 1.003
SPG 28 1.005
SBG 47 1.061
PCB 35 1.075
PCI 12 1.151
significance probability 0.051 1.000

Table 9(b) Duncan’s multiple comparison for response ratio

service subgroup
. n
period 1 2 3
more than 40 12 0.974
20—39 50 1.050
0-19 74 1.072
significance probability 1.000 0.463

ATE 8717 Fak 0.7420]1, 9352 0.478%
TR A8E AR S V)7 et 5, 38
7P Ak 7F Ao ﬁﬁcﬂ 2po)7} glrkar & &= 9tk
SEblel] oigt 2P PG Tl BEe] x}o]
7} 9ty vl A3 Table 9(a)olldl TR, SPG, SBG,
PCB ¥4 F95F 5% stollx] #fol7h $iA|wh, PCl F4]
= I3 zto)E YERATE 5, TR, SPG, SBG, PCB 3
2o} ®Ql shte] ek} 19} thE PCl F4 A T 270
Ao ® vprozich

SEHle] gk 38717PE ek 1F vEh]al A3 Table
ob)e} 7o) 2719 Hekro® FHEQIh BelA F8717
40\ ofatoll A= Hato] 1.0 ol delm FHAaEo] 2% FER
AR 403 ZAshEA Fato] 1.0 mREe R FHAskal
20-39d FHwh 7% 2 eRs

4

N

=l

AQ_I
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Table 10 Tests of between—subjects effects for measured
impact factor

sum of mean F significance
squares square probability
corrected | 56y 0011 8.063 0.000
model
intercept 1.105 1.105 837.439 0.000
type 0.023 0.006 4.329 0.003
period 0.021 0.011 8.039 0.001
error 0.162 0.001
total 2.781
corrected 0.2%6
total

Table 11(a) Duncan’s multiple comparison for measured impact

factor

structural N subgroup

type 1 2 3

TR 14 0.098

SBG 46 0.138

PCB 30 0.140

SPG 28 0.149

PCI 12 0.176
significance probability 1.000 0.357 1.000

Table 11(b) Duncan’s multiple comparison for measured impact

factor
service subgroup
. n
period 1 2 3
more than 40 12 0.086
0-19 68 0.142
20—-39 50 0.151
significance probability 1.000 0.386
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Table 12 Tests of between—subjects effects for impact factor

ratio
sum of mean significance
F .
squares square probability
corrected 0.465 0.077 31576 0.000
model
intercept 74.792 74.972 30552.671 0.000
type 0.096 0.024 9.731 0.000
period 0.112 0.056 22.767 0.000
error 0.290 0.002
total 139.959
corrected 0.754
total

Table 13(a) Duncan’s multiple comparison for impact factor

ratio

structural n subgroup

type 1 2 3

PCB 25 1.020

SBG 47 1.027

PCI 11 1.031

SPG 28 1.075

TR 14 1.193
significance probability 0.524 1.000 1.000

Table 13(b) Duncan’s multiple comparison for impact factor

ratio
service subgroup
. n
period 1 2 3
0-19 64 1.029
20—-39 49 1.049
more than 40 12 1.220
significance probability 0.388 1.000
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Table 14 Tests of between—subjects effects for measured
natural frequency

sum of mean significance
F o
squares square probability
corrected 76.201 12.700 31.755 0.000
model
intercept 466.048 466.048 1165.285 0.000
type 62.264 15.566 38.921 0.000
period 8.301 4.151 10.378 0.000
error 45.994 0.400
total 1006.463
corrected 192195
total

Table 15(a) Duncan’s multiple comparison for measured natural

frequency

structural N subgroup

type 1 2 3

SBG 47 2.222

SPG 22 2.482

PCB 31 2.581

TR 14 3.443

PCI 8 5.148
significance probability 0.121 1.000 1.000
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Table 15(b) Duncan’s multiple comparison for measured natural

frequency
service subgroup
. n
period 1 2 3
20—39 44 2.496
0-19 70 2.674
more than 40 8 3.928
significance probability 0.395 1.000

Table 16 Tests of between—subjects effects for natural frequency

ratio
sum of mean significance
F .
squares square probability
corrected 0.086 0.014 5.205 0.000
model
intercept 50.861 50.861 18431.494 0.000
type 0.058 0.015 5.298 0.001
period 0.003 0.002 0.582 0.560
error 0.348 0.003
total 118.904
corrected 0434
total

Table 17 Duncan’s multiple comparison for natural frequency

ratio
structural n subgroup
type 1 2 3
PCB 37 0.911
SBG 48 0.939 0.939
PCI 10 0.966
TR 12 0.975
SPG 26 0.976
significance probability 0.106 0.056
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