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'e research objects of this paper were the prefabricated concrete components produced by four enterprises in China, and the
dimension deviation data of more than 1400 prefabricated concrete components are measured with high-precision 3D pho-
togrammetry technology. 'e nonparametric Kruskal–Wallis test was carried out for the size deviation of the same type of
components produced by different enterprises. 'e distribution characteristics of geometric parameters of typical components of
prefabricated structures in China, such as beams, columns, wall boards, and composite slabs, were analyzed by using the
probability statistical method. 'e Kolmogorov–Smirnov goodness-of-fit method was used to test the cumulative distribution
function of dimension deviation, and the size distribution of fabricated components was studied. 'e results showed that there
was no significant difference in the size deviation of the same-type component produced by different enterprises, and the range of
geometric parameter uncertainty random variables was small, which was between 0.99 and 1.02. Also, the fluctuation was small,
the coefficient of variation was below 0.0093, and the variability of component size deviation was small. 'e transverse dimension
of the component shows a positive deviation, the vertical dimension of component shows a negative deviation, and the dimension
deviation of prefabricated concrete components follows the normal distribution.

1. Introduction

Prefabricated building is one of the important directions of
building structure development, which is conducive to the
development of building industrialization. As a crucial part
of the prefabricated concrete (PC) structure, the quality of
prefabricated components plays an important role in the
overall structural performance [1]. In terms of the splicing
structure of prefabricated components, if the size of pre-
fabricated components is too large, it would be difficult to
assemble and if the size is too small, the joints between
components would be too large, causing water seepage
problems. From the aspect of stress performance, when
analyzing the reliability of the structure according to the
probability limit state design method, the failure probability
of the structural part or its corresponding reliability index is
used as the measurement, and the geometrical dimension

variable is one of the aspects that affect the resistance of the
structural part. Moreover, contemporary buildings have
become lighter and more vulnerable to building movement
and subsequent geometric changes [2]. 'e lack of uni-
formity of accuracy between factory-made and in-situ
components and the higher level of building movements in
the contemporary building are two major factors that affect
the dimensional and geometric accuracy of buildings [3].
'e conversion of a good design into a good product (e.g., a
building) is a matter of keeping dimensional and geometric
variations within tolerances that are predetermined at the
design stage [4]. 'e acceptability of a product depends on
whether its variations in size and geometry fall within set
limits; thus, the bridge between design and production is
tolerance. In other words, tolerances interlink design with
construction because without specifying the tolerances, it is
not clear whether components and subassemblies (i.e.,
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connections of two or more components) meet the design
intent regarding the accuracy of the final product [5].

At present, there are many quality control standards for
fabricated components, such as German DIN18203 and
DIN18202 standards, Japanese JASS10, American MNL-116
and ACI regulations, and Chinese standards GB/T51231-
2016 and GB/T 51232-2016 [6–10]. Each standard specifies
the dimensional deviation of prefabricated components.
'ese standards usually determine the allowable value of
dimensional deviation based on traditional experiences [11],
and the deviation allowable value for prefabricated com-
ponents is strictly controlled and appropriately modified
based on the relevant specifications of cast-in-place concrete.
Scholars do not pay attention to the prefabricated compo-
nent manufacturers’ production capacity and have not
systematically investigated the dimensional deviation of
prefabricated components [12]. To determine the reliability
of the concrete structure design, in the 1970s and 1980s [13],
a survey of the size deviation of cast-in-place concrete
structures was conducted in China [13]. Liu et al. [11]
conducted the statistical investigation on the size deviation
of cast-in-place concrete structures in Beijing and suggested
adjusting the size deviation acceptance index, while Mao and
Shi [14] conducted the statistical investigation and analysis
on the section size and axis position of cast-in-place concrete
structures, and they believed that the deviation of concrete
section size obeys the normal distribution, yet the axis
position deviation obeys the logarithmic distribution.
Nowadays, there are many types of research on the size
deviation of cast-in-situ structures, but there are quite few
statistical studies on the size deviation of prefabricated
concrete components. 'erefore, it is of great significance to
systematically investigate the size deviation of fabricated
components.

In this paper, the dimensions of fabricated concrete
components of different companies in China are measured
by 3D photogrammetry technology, obtaining a database of
wall board, composite slab, beam, and column size devia-
tion. 'e dimensional deviation distribution characteristics
of fabricated components are analyzed.

2. Data Acquisition

2.1. Overview of Sample Acquisition. 'e focus is mainly on
the component forms existing in prefabricated building
structures: beams, columns, wall panels, and composite
slabs. In terms of survey objects, components produced by
prefabricated component factories in different regions of
China are mainly selected. Random sampling is used for
each type of component. Detailed information about the
number of survey samples is shown in Table 1.

2.2. Measurement Method. Prefabricated building produc-
tion and installation have higher precision requirements
than traditional cast-in-situ concrete structures. 'e tradi-
tional measurement method for prefabricated concrete
buildings is mainly using steel rulers, and there are problems
with the use of steel rulers in measuring the dimensions of

prefabricated concrete components, such as insufficient
accuracy, large errors, and difficulty in measuring the edge
corners of the component dimensions. 'e HL-3DP is a
medium-range photogrammetry scanner type. It was
designed for medium-space applications such as building,
civil and survey, and forensics. 'ree-dimensional photo-
grammetry known as HL-3DP was applied for prefabricated
concrete, and the scanned data were managed with their
associated software HOLON3DP. HL-3DP is a high-accu-
racy and medium-range photogrammetry system. It is as-
sociated with a high-resolution camera. Table 2 shows the
specification of HL-3DP. 'erefore, in this article, HL-3DP
three-dimensional photogrammetry was adopted to collect
sample data. Figure 1 shows the on-site measurement of
prefabricated components. 'e relative error of this method
is less than 5%, and the absolute error is less than 0.01mm.
'e measurement of the size of the prefabricated compo-
nent, thus, resulted in high precision in terms of both ex-
perimental error and measurement accuracy.

2.3. Accuracy Assessment. Accuracy assessment was also
performed in this study. 'e findings show that the 3D
photogrammetry of HL-3DP can provide high accuracy of
the building structure. To get a systematic accuracy as-
sessment, the evaluation of the estimate accuracy was carried
out using equation (1), where x represents each value in the
dataset, x represents themean of all values in the dataset, and
n represents the number of value in the dataset.

RMSE �

�����������


n
i−1 (x − x)

2

n



. (1)

'e root-mean-square error (RMSE) was used to
measure the differences between values observed. According
to Mao and Shi [14], RMSE is commonly used in the re-
search field to describe the accuracy of features and it is
acceptable to measure the error and estimate the quality of
features. 'e lower the RMSE value, the better the accuracy.

Table 3 shows the dimensional measurement difference
between the measuring steel tape and photogrammetry
system. Meanwhile, the analysis for this study included the
comparison of measurement between the photogrammetry
system and conventional method (measuring steel tape) with
the design value.'e comparison is performed and recorded
in Table 4. 'e RMSE value of the photogrammetry system
data was 0.60mm while that of the measuring steel tape
method was 0.94mm. As the result, the tolerance of the
photogrammetry system model is well within the 0.01-
millimeter level. 'e photogrammetry system model has a
lower tolerance compared to the measuring steel tap. 'is
proved that the photogrammetry system method was
accurate.

3. Results of Sample Collection

In the process of statistical analysis of the geometric pa-
rameters of the components, because the design dimensions
of the components are not the same, to analyze and compare
the variation of the dimensions described by the uncertainty
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of the geometric parameters with the random variable KA

[15], which can be expressed as shown in equation (2), where
a is the actual value of the geometric parameter of the
component and aK is the standard value of the geometric
parameter of the component (usually the design value),

KA �
a

aK

. (2)

When analyzing the variability of the geometric di-
mensions of components, variables such as length, width,
and height are regarded as independent random variables.

Taking the same type of component produced by the same
enterprise as a matrix, its statistical parameters are analyzed
with a subsample of capacity n> 50. Integrating the statis-
tical analysis results of various enterprises, the weighted
average of the same type of component size variation is used
to reflect the variation level of geometric dimensions. 'is
paper is based on the measured data, and the number of
subsamples participating in the statistical analysis is the
weight (the capacity is n) [16]. Statistical parameters of
random variables with uncertain geometric dimensions of
various components were obtained as follows:

Table 1: Sample number of prefabricated concrete members in different enterprises.

Survey object
Sample number of prefabricated parts

Beam components Column components Wall panel components Composite slab components
Enterprise 1 62 66 102 87
Enterprise 2 54 129 84 96
Enterprise 3 76 94 64 111
Enterprise 4 103 85 121 107

Table 2: Specification of 3D photogrammetric HL-3DP.

HL-3DP 3D photogrammetric instrument

Range measurement principle scanner control Measurement of noncontact optical tricoordinate
Range Up to 20m (minimum range 0.01m)
Field of view 360°horizontal, 360°vertical
Signal image 1.8MB, 4Mpixels (1920×1920 pixel)
Ranging error ±0.01mm

(a) (b)

Figure 1: 3D photogrammetric component size. (a) Composite slab 3D measurement. (b) 3D measurement of prefabricated columns.
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where ni is the subsample capacity of the geometric char-
acteristic value of a certain construction unit, μKA

is the
average value under capacity ni, and δKA

is the coefficient of
variation under ni capacity. According to equations (2) and
(3), the statistical parameters of the random variable of the
geometric parameters of the component can be obtained.

3.1. Analysis of Acquisition Results. Taking prefabricated
concrete components produced by different companies as
the research object, analyzing the difference in geometric
uncertainty of component size in different enterprises,
and calculating the average production component KA

maximum, minimum, upper, and lower quartiles of each
enterprise production, Figures 2–5 give a comparison of
box plots. 'e figures show the different production
enterprise production ranges of similar artifacts are

similar, both in the range of 0.99 to 1.02. 'e abnormal
port of beam members accounted for 3.4%, the abnormal
points of column members accounted for 0.8%, the ab-
normal percentage of wall slabs accounts for 3.4%, and
the abnormal percentage of composite slab slabs accounts
for 1.2%. 'ere are fewer abnormal points, which indi-
cates that the variability of component size deviation in
the actual production process is small. 'e volume of the
box body represents the dense and discrete degree of data
distribution in the group. 'e length and width of beams,
columns, wall panels, slabs, and width values KA of the
box body are relatively short, and the fluctuation is small.

Table 5 shows the comparison results of the KA value
among similar components of different manufacturers. 'e
horizontal size of the components produced by different en-
terprises (wall panel height, wall panel width, composite slab
length, and composite slab width) dimension uncertainty is less
than 1, which is biased towards negative deviation, and lon-
gitudinal member dimensions are greater than 1, which are
biased toward positive deviation. 'e size deviation of similar
PC components produced by different companies is not large,
which proves the reliability of the measured data. Manufac-
turers have less influence on the size of prefabricated PC

Table 4: Comparison of measurement between the measuring steel tape and photogrammetry system.

Prefabricated Measuring steel tape (mm) x2 Photogrammetry system x2

Prefabricated −3 9 −1.86 3.46

Beam components −2 4 −0.82 0.67
−3 9 −2.03 4.12

Prefabricated −4 16 −2.08 4.33
Column −3 9 −2.07 4.28
Components −3 9 −0.67 0.45
Prefabricated wall −3 9 0.16 0.02

Panel components 2 4 0.76 0.58
2 4 −0.65 0.42

Prefabricated −5 25 3.94 15.52
Composite slab −3 9 3.05 9.30
Sum Σ 107 Σ 43.15
RMSE

��
Σ

√
/11 0.94

��
Σ

√
/11 0.60

Table 3: Result of dimensional measurement.

Prefabricated Dimension Design value (mm) Measuring steel tape (mm) Photogrammetry system (mm)

Prefabricated beam components
Length 2830 2833 2831.86
Width 400 402 400.82
Height 410 413 412.03

Prefabricated column components
Length 2535 2539 2537.08
Width 500 503 502.07
Height 520 523 520.67

Prefabricated wall panel components
Height 6630 6633 6629.84
Width 2600 2598 2599.24

'ickness 240 238 240.65

Prefabricated composite slab∗ Length 4350 4355 4346.06
Width 3930 3933 3926.95

∗Since the thickness direction of the prefabricated composite slab is cast-in-place concrete, it was not counted.
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components. 'e coefficients of variation KA are below 0.0093,
and the variation is small, indicating that similar components
produced by different companies have the same size
characteristics.

3.2. Correlation Test of Dimensional Deviation. With the
significant level a � 0.05 as the difference, a single factor
analysis of variance on the dimensions of the components
produced by the four companies is performed, the differ-
ences between the components produced by each factory are
discussed, and it is evaluated whether the dimensional de-
viations of the components can be traced to a certain extent
so that the measurement results of different component
factories are comparable.

'e Kruskal–Wallis test [17] infers whether the sample
comes from the populationmedian or the distribution pattern is
significantly different. 'is method neither requires the data to

obey the normal distribution nor does it require the homo-
geneity of variance. 'e Kruskal–Wallis test is a nonparametric
test method to test whether multiple population distributions
are the same. Firstly, samples in multiple groups are mixed and
sorted in ascending order to find the rank of each variabl; if the
values show no big difference, it can be considered that the
distributions of multiple populations are not significantly dif-
ferent; on the contrary, if the rank means of each group are
significantly different, the data of multiple groups cannot be
mixed, and if the distributions of multiple samples are signif-
icantly different, the statistic constructed by the Kruskal–Wallis
test is the K–W statistic, which is pRi,R, shown as follows:

p �
12

N(N + 1)


k

i�1
ni Ri − R( 

2
,

Ri �
Ri

ni

,

R �
N + 1
2

,

(5)

where k is the number of sample groups, N is the total
sample size, Ri is the sum of ranks of the group I, Ri is the
average rank of the group I, and R is the total average rank.

Assuming that the distribution of the size deviation of
similar components is the same in the company category, if
p< a, the null hypothesis is rejected, and the size deviation
distributions of similar components produced by different
companies have significant differences; on the contrary, if
p> a, then accept the null hypothesis, which means that the
size deviation distribution of similar components produced
by different companies has no significant difference. 'e
nonparametric Kruskal–Wallis test was performed by
SPSS19.0 software, and the analysis results are shown in
Table 6. 'e significance value of each component size is
greater than the significance level of 0.05, accepting the
former hypothesis, so there is no significant difference in the
size deviation of similar components produced by different
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Figure 2: Box plot of geometric uncertainty of the beam member.
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Figure 3: Box plot of geometric uncertainty of the column
member.
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companies. 'e size deviation values of the same types of
components produced by different companies can be used as
subsamples to analyze the distribution characteristics of the
size deviations of fabricated components in China.

4. Frequency Distribution of Size Deviation

Since there is no significant difference in the size deviation of
the same type components, the size deviations of the same-
type components produced by different companies are in-
tegrated as a sample of the size deviation, and the distri-
bution law of size deviation is analyzed using histograms and
box plots.

4.1. Dimensional Deviation Distribution of Prefabricated
Beam Components. Calculating the difference between the
measured data and the design value of the prefabricated beam,
the sample size is 295, which is divided into 20 groups. 'e
histogram is drawn with the deviation value as the abscissa and
the measured frequency as the ordinate, as shown in Figure 6.

As seen in Figure 6, the dimensional deviation distribution
histogram for the beam decreases from the center to the sides,
and it can be seen from Figure 6 that the dimensional deviation
distribution histogram of the beam is a normal distribution.

'e length deviation of beam components mainly
concentrated in the range of 0–6mm, 'e most frequent
deviation is 2–4mm, the mean is 3.02mm, and the variance
is 1.91. 'e width deviation range is mainly concentrated in
the range of 0-3mm, the mean value is 1.57mm, and the
variance is 1.56, 'e height deviation is mainly concentrated
in the range of 0–5mm, the mean value is 2.44mm, and the
variance is 3.27.

'e maximum, minimum, upper quartile, lower quartile,
and median of the size deviations are compared using box
plots, as shown in Figure 7. 'e characteristic values of the
three-dimensional dimensional deviation of prefabricated
beam components are all significantly different, and the di-
mensional deviations are basically positive deviations. 'ere is
no abnormal value in the length dimension deviation, the
median is located in the center of the upper and lower quartiles,
and the box chart is symmetrical about the median line, in-
dicating that the length dimension deviation is symmetrically
distributed. Both height and width deviations have abnormal
values. 'e height deviation abnormal values are concentrated
on the smaller value side and the median tends to the upper
quartile, indicating that the height size deviation distribution is
right-skewed distribution. 'e width size deviation abnormal
values are concentrated on the larger value side and themedian
tends to the lower quartile, indicating that the width deviation
distribution is left-skewed distribution.

4.2. Dimensional Deviation Distribution of Prefabricated
Column Components. Calculating the difference between
the measured data and the design value of the prefabricated
column, the sample size is 374, which is divided into 20
groups. 'e histogram is drawn with the deviation value as
the abscissa and the measured frequency as the ordinate, as
shown in Figure 8. As seen in Figure 8, the dimensional
deviation distribution histogram for the column decreases
from the center to the sides, and it can be seen from Figure 8
that the dimensional deviation distribution histogram of the
column is a normal distribution.

'e length deviation of the column components mainly
concentrated in the range of −5-1mm, the most frequent
deviation is −3-1mm, the mean value is −2.05mm, and the
variance is 3.74; the width deviation mainly concentrated in the
range of −1-3.5mm, themost frequent deviation is 0.7–1.5mm,
the mean value is 1.34mm, and the variance is 1.21; the height
deviation is mainly concentrated in the range of −2–5mm, the
most frequent deviation is 1.5–2.5mm, the average is 1.88mm,
and the variance is 4.34.

'e maximum, minimum, upper quartile, lower quartile,
andmedian of the size deviations are compared using box plots,
as shown in Figure 9. 'e characteristic values of the three-
dimensional dimensional deviation of prefabricated column
components are all significantly different.'ere is no abnormal
value for the width dimension deviation, the median deviation
of width is located in the center of the upper and lower quartiles,
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Figure 4: Box plot of wall panel geometric uncertainty.
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Figure 5: Box plot of geometric uncertainty of slab.
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and the square box chart is symmetrical about the median line,
which means that the dimension deviation is symmetrically
distributed. 'e abnormal values of height deviation are con-
centrated on the side of the larger value, and the median de-
viation tends to the upper quartile, indicating that the height
dimension deviation is right-skewed distribution. Although
there are outliers on both sides of the length deviation, the box
chart is symmetrical about the median, and the proportion of
the outliers in the upper and lower quartiles is consistent;
therefore, it can be considered that the length deviation is
symmetrical.

4.3.DimensionalDeviationDistribution of PrefabricatedWall
Panel Components. Calculating the difference between the
measured data and the design value of the prefabricated wall

panel, the sample size is 371, which is divided into 20 groups.
'e histogram is drawn with the deviation value as the
abscissa and the measured frequency as the ordinate, as
shown in Figure 10. As seen in Figure 10, the dimensional
deviation distribution histogram for the wall panel decreases
from the center to the sides, and it can be seen from Fig-
ure 10 that the dimensional deviation distribution histogram
of the wall panel is a normal distribution.

'e height deviation size of prefabricated wall panels is
mainly concentrated in the range of −5-0mm, the most fre-
quent deviation is −3.5-2.8mm, the average is −2.39mm, and
the variance is 2.91. 'e width deviation mainly concentrated
in the range of −3-0.5mm, themost frequent deviationwas−1-
0.6mm, the mean value was −1.13mm, and the variance was
1.57. 'e thickness deviation is mainly concentrated in the

Table 5: Summary of sample statistical.

Prefabricated
components Project

μk/mm
(δk)

Deviation range (mm)

Enterprise
1

Enterprise
2 Enterprise 3 Enterprise

4 Enterprise 1 Enterprise 2 Enterprise 3 Enterprise 4

Prefabricated
beammember

Length 1.0011 1.0009 1.0010 1.0065 [0.04, 5.44] [−0.77, 5.32] [0.53, 5.52] [0.16, 6.78](0.0004) (0.0005) (0.0004) (0.0034)

Width 1.0030 1.0067 1.0035 1.0036 [−1.05, 3.13] [−0.81, 6.06] [−0.09, 3.39] [−1.48, 4.72](0.0023) (0.0038) (0.0018) (0.0030)

Height 1.0039 1.0061 1.0047 1.0065 [−4.74, 5.85] [−1.25, 5.11] [−1.56, 5.33] [−1.09, 7.79](0.0056) (0.0032) (0.0031) (0.0034)

Prefabricated
column
member

Length 0.9996
(0.0007)

0.9991
(0.0007)

0.9993
(0.0007)

0.9993
(0.0006) [−4.53, 4.29] [−8.06, 1.81] [−6.54, 1.48] [−6.16, 1.09]

Width 1.0035
(0.0019)

1.0031
(0.0029)

1.0033
(0.0029)

1.0039
(0.0032) [−0.25, 3.91] [−1.44, 3.30] [−1.30, 3.90] [−1.25, 4.04]

Height 1.0026
(0.0040)

1.0053
(0.0061)

1.0033
(0.0029)

1.0055
(0.0056) [−1.51, 6.48 ] [−3.65, 6.21] [−2.28, 6.81] [−2.19, 8.23]

Prefabricated
wall panel
components

Height 0.9996
(0.0002)

0.9994
(0.0005)

0.9994
(0.0006)

0.9992
(0.0006) [−5.81, 0.24] [−5.42, 2.16] [−5.03, 1.15] [−6.57, 3.29]

Width 0.9996
(0.0005)

0.9997
(0.0004)

0.9996
(0.0003)

0.9997
(0.0004) [−4.75, 2.29 ] [−4.36, 2.05] [−3.32, 1.77] [−4.38, 2.04]

'ickness 1.0071
(0.0093)

1.0121
(0.0089)

1.0076
(0.0070)

1.0054
(0.0084) [−3.45, 5.88 ] [−0.67, 5.98] [−1.09, 4.48] [−4.28, 5.98]

Prefabricated
composite
slab

Length 0.9994
(0.0006)

0.9994
(0.0003)

0.9993
(0.0003)

0.9992
(0.0005) [−5.99, 3.10] [−4.84, 1.12] [−5.23, 0.23] [−5.41, 0.92]

Width 0.9994
(0.0004)

0.9993
(0.0003)

0.9994
(0.0004)

0.9991
(0.0004) [−4.88, 1.22] [−6.20, 0.09] [−3.89, 2.13] [−3.48, 1.10]

Table 6: Kruskal–Wallis inspection of component size deviation.

Prefabricated components Project N Ri Ri p a∗

Prefabricated beam member
Length 295 584.07 146.02 0.131

0.05

Width 295 611.65 152.91 0.177
Height 295 575.88 143.97 0.123

Prefabricated column member
Length 368 765.93 191.48 0.401
Width 368 741.33 185.33 0.231
Height 368 727.64 181.91 0.090

Prefabricated wall panel components
Height 404 818.47 204.61 0.061
Width 404 818.34 204.59 0.053

'ickness 404 821.64 205.41 0.077

Prefabricated composite slab Length 401 808.91 202.23 0.097
Width 401 796.64 199.16 0.081

∗Significance is progressive significance, and the significance level is 0.05.
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range of −1.5-4mm, the most frequent deviation is
1.0–1.6mm, the average is 1.81mm, and the variance is 4.13.

'e maximum, minimum, upper quartile, lower quartile,
andmedian of the size deviations are compared using box plots,
as shown in Figure 11. 'e characteristic values of the three-
dimensional dimensional deviation of prefabricated wall panel
components are all significantly different. 'e characteristic
values of the wallboard size deviation are significantly different.
'e height and width deviations are basically negative devia-
tions, and the thickness deviations are basically positive devi-
ations. 'e abnormal values of height and width deviations are
concentrated on the larger value side, and the median deviation
tends to the upper quartile indicating that the height dimension
deviation and width dimension deviation are right-skewed
distribution, and the thickness deviation abnormal values are
concentrated on the smaller value side, which means that the
thickness deviation distribution is left-skewed distribution.

4.4. Dimensional Deviation Distribution of Prefabricated
Composite Slab Components. Because the thickness direc-
tion of the composite slab is cast-in-place concrete, the

thickness of the composite slab is not counted. Calculating
the difference between the measured data and the design
value of the prefabricated composite slab components, the
sample size is 401, which is divided into 20 groups. 'e
histogram is drawn with the deviation value as the abscissa
and the measured frequency as the ordinate, as shown in
Figure 12. As seen in Figure 12, the dimensional deviation
distribution histogram for composite slab decreases from the
center to the sides, and it can be seen from Figure 12 that the
dimensional deviation distribution histogram of the com-
posite slab is a normal distribution.

'e length deviation size of the composite slab is mainly
concentrated in the range of −5-0mm, the most frequent
deviation is −2.6-2.0mm, the mean value is −2.44mm, and
the variance is 2.21; 'e width deviation mainly concen-
trated in the range of 0–3mm, the most frequent deviation is
−2.5-2.0mm, the mean value is 1.34mm, and the variance is
1.21.

'e maximum, minimum, upper quartile, lower
quartile, and median of the size deviations are compared
using box plots, as shown in Figure 13. 'e dimensional
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Figure 6: Histogram of beam member size deviation distribution. (a) Statistical histogram of beam length deviation. (b) Statistical
histogram of beam width deviation. (c) Statistical histogram of beam height deviation.
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deviation characteristic values of the composite slab slabs
are all significantly different, and the dimensional devi-
ations are basically negative deviations, there are ab-
normal values in the length and height deviation. 'e
length deviation abnormal value is concentrated on the

larger value side, which means that the length deviation
distribution is skewed to the left-skewed distribution, and
the width deviation abnormal values are concentrated on
the side of the smaller value, which means that the width
deviation distribution is right-skewed distribution.
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Figure 7: Box plot of beam size deviation distribution.
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Figure 8: Histogram of column member size deviation distribution. (a) Statistical histogram of column length deviation. (b) Statistical
histogram of column width deviation. (c) Statistical histogram of column height deviation.
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4.5. Frequency Distribution Inspection of Dimensional
Deviation. In statistics, the Kolmogorov–Smirnov test (KS
test) [18, 19] is used to test whether two empirical

distributions are the same or whether one empirical dis-
tribution is different from another ideal distribution. As-
suming that X1, X2, . . . , XN and Y1, Y2, . . . , YN are two
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Figure 9: Box plot of column size deviation distribution.
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Figure 10: Histogram of wall panel size deviation. (a) Statistical histogram of wall panel height deviation. (b) Statistical histogram of wall
panel width deviation. (c) Statistical histogram of wall panel thickness deviation.
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different samples, K–S can be used to test whether the two
samples belong to the same population, and it depends on
the value of the test statistic D. 'e D value is defined as

D � max SX(x) − SY(x)


. (6)

Among them, SX(x) and SY(x) are the cumulative dis-
tribution functions of the two samples, respectively. If the value
ofD is small, it can be judged that the two samples are from the
same population. Taking into account that the versatility of the
normal probability distribution to random variables and the
general significance of Weibull’s theory in analyzing the size
effect of concrete [20], these two probability statistical distri-
butions are compared with the size deviation values of fabri-
cated components. By using Matlab, the normal distribution
function y � normrnd(X, σ, m, n) is used to generate a sample
that conforms to the normal distribution with the average value
X and the standard deviation σ. 'e Weibull distribution
function y � weibrnd(X, a, b) is used to generate a sample that
conforms to the Weibull distribution with X as the average,
where a is the scale parameter and b is the shape parameter.

Figures 14–17 are the curve fitting diagram of the cumu-
lative distribution function of different component size devi-
ations. 'eWeibull cumulative distribution function curve and
the normal distribution function curve are similar to the
component size deviation cumulative distribution function
curve. Intuitively, the length deviation cumulative distribution
and the width size deviation fit well with the normal distri-
bution, but are significantly different with the Weibull distri-
bution. In the deviation distribution of wallboard height and
wallboard thickness, the Weibull cumulative distribution and
the normal cumulative distribution function curve are in good
agreement. To accurately compare and determine the best
distribution, it is necessary to further calculate the maximum
absolute deviation among the theoretical distribution function,
the empirical distribution function, and the probability P of
making the first type of error. 'e specific results are shown in
Table 4. Among them,D is calculated according to equation (6),
and the value of P is calculated under the hypothesis of the
Kolmogorov distribution of the limit distribution of D.

'e KS test results of size deviation frequency, normal
distribution, and Weibull distribution are shown in Table 7.
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Figure 11: Box plot of wall panel size deviation distribution.
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Figure 12: Histogram of composite slab size deviation distribution. (a) Statistical histogram of length deviation of composite slab.
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Figure 13: Box plot of composite slab size deviation distribution.
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Figure 14: 'e cumulative distribution function of beam size deviation. (a) 'e cumulative distribution function of beam length deviation.
(b) 'e cumulative distribution function of beam width deviation. (c) 'e cumulative distribution function of beam height deviation.
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Figure 15: 'e cumulative distribution function of column size deviation. (a) 'e cumulative distribution function of column length
deviation. (b) 'e cumulative distribution function of column width deviation. (c) 'e cumulative distribution function of column height
deviation.
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It can be seen from Table 7 that, in the two distributions, the
maximum absolute value of the normal distribution D is the
smallest, and the P value of the normal distribution is the

smallest. If the significance is taken at the level of 0.05, the
fitting effects of normal distribution and Weibull distribu-
tion are both acceptable, and it is obvious that the former is
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Figure 17: 'e cumulative distribution function of sample value deviation of superimposed slab size. (a) 'e cumulative distribution
function of length deviation of composite. (b) 'e cumulative distribution function of height deviation of composite slab.
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Figure 16:'e cumulative distribution function of sample value of wall panel size deviation. (a)'e cumulative distribution function of wall
panel height deviation. (b) 'e cumulative distribution function of wall panel width deviation. (c) 'e cumulative distribution function of
wall panel thickness deviation.
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better. It shows that the dimensional deviation of fabricated
components conforms to the null hypothesis and normal
distribution.

5. Conclusions

In this paper, three-dimensional surveys of more than 1,400
prefabricated components in China were carried out, and
the geometric parameters of the components were statisti-
cally analyzed using probability and statistics methods,
hence obtaining the following conclusions:

(1) 'e range of the geometric parameter uncertainty
random variable of the same component size pro-
duced by different enterprises shows little difference
and the fluctuation is small, ranging from 0.99 to
1.02. 'e geometric parameter uncertainty coeffi-
cient of variation is below 0.0093, and the compo-
nent size deviation variability is small.

(2) 'e significance of the correlation degree of the
prefabricated component size deviation is greater
than the level of 0.05, and there is no significant
difference among the size deviations of similar
components produced by different companies.

(3) 'e histogram of the frequency distribution of
prefabricated component size deviation decreases
from the center to both sides, and the fitting curve
has only one peak.'e geometric uncertainties of the
transverse dimensions of the components are all less
than 1, which tend to be negative deviations, and the
geometric uncertainties of the longitudinal dimen-
sions are all greater than 1, which tend to be positive
deviations.

(4) 'e size deviation of fabricated components does not
refuse to obey the normal distribution and the
Weibull distribution, but it is more inclined to obey
the normal distribution.
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