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ABSTRACT: Compressive strength is one of the important properties of
concrete, which is affected by factors such as humidity, water-cement ratio,
cement composition, aggregate dimensions, and age of concrete. All cases
except age can be controlled by making changes in the mixing plan,
therefore, in this research, the relationship between age and compressive
strength of concrete has been investigated using profile analysis in a 6-story
building construction project by concrete quality control experts. In this
research, 10 concrete samples were processed in laboratory conditions after
preparation, and the compressive strength of the samples was checked by
3 experts and each expert checked each sample 3 times. In the zero phase,
with the Gage study method, the data is not affected by the measurement
error. In phase one, by using the Storr and Braille control chart, out-of-
control profiles have been removed, and a model has been presented to
estimate the compressive strength of concrete according to the age of the
sample. In the second phase, using 10,000 data simulated by MATLAB
software, the performance of the model has been examined using the
(EWMA) chart, the results show that the EWMA chart is able to identify
out-of-control signals by applying changes in the model parameters An out-
of-control signal can be a warning for signs such as cracking, cracking,
sanding, and discoloration at older ages of concrete. Therefore, managers
and concrete quality control experts can predict the factors of concrete
destruction and take measures to restore concrete without spending a lot of
money.

Key Words: Concrete, Profiles, Gage Study, Stover and Brill, EWMA

1- Introduction

Due to its high durability and low cost, concrete is the most common
material in the construction industry and is generally composed of water,
cement and aggregate. The compressive strength of concrete is the ability
of the structure to withstand incoming loads without cracking or
deformation [1]. In this research, the effect of concrete age on its
compressive strength has been investigated using profile analysis. The
performance of control charts depends on the quality of the data [2], using
the method of gage study and variance analysis, the accuracy of the data
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has been investigated in terms of tools and experts' skills using the Minitab
software in phase zero. In phase one, the samples affected by abnormal
factors have been identified and eliminated by statistical analysis of the
data, and the linear relationship between the investigated parameters has
been estimated and the controllability of the data has been investigated
using Stover's and Braille charts, and in phase two Using the EWMA
diagram, the performance of the model has been compared by applying
changes (Ao) for different values of A in the parameter width from the
origin, slope and both parameters. The out-of-control signal in the EWMA
chart is a warning for the presence of signs such as cracks, sandblasting,
and concrete failure at older ages.

2- Methodology

Gage studies known as Gage R&R are used to determine the capability of
the measurement system and because of its importance, this method is
known as the zero phase in statistical quality control [3]. The meaning of
repeatability is the presence of dispersion in repeated measurements using
a specific tool by the same person and is calculated from equation 1[4]:

EV=6*c 1)

Where o is the standard deviation of the repeatability measurement
samples. The meaning of reproducibility is the presence of dispersion in
the measurement due to the presence of different operators in a
measurement system, so that a part is measured by one tool by several
operators and it is obtained from equation 2 [4].

AV = (o) - @)

Where o is the standard deviation of reproducibility data, EV is the
reproducibility value, n is the number of samples and r is the number of
measurement times. Gage R&R is the result of repeatability and
reproducibility and is obtained from equation 3 [4].

R&R =+ EV" 4+ AV" 3)

The gauge study is designed for the situation with i samples, j operators
and each operator repeats the test k times, and the measurement results are
displayed with M;j,as described in equation 4 [5],[6].

Mije = p+ P+ 0; + (0p)ij + €iji #

u expected value of measured value, P;, 0;, OP;;are independent random
variables that show the effect of sample factor, operator and the interaction
effect of sample and operator, and € _ijk is an independent random variable
and shows the measurement error. It is assumed that the random variables
have a normal distribution as p;~N(0,0;) 0;~N(0,0,)
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(0p)ij~N(0,0(,,)) and &;,~N(0,0;).The variance of the random
variable M, is defined as equation 5 [2].

Y Y A} Y Y Y Y Al Y
OMij = Op + 0o + O(op) + e ,06 =0y + Oop) + 0 5)

o, is the variance of the effect of the measuring device, Variance analysis
method and the results of %Contribution and %Study Variance determine
the variability and the source of variability. If %Study is less than 10%, the
variability in the measurement system is acceptable, if %Study is between
10 and 30%, according to the sensitivity of the process, the measurement
is conditionally acceptable, and if %Study is greater than 30%, the
variability in the system It is not acceptable [7]. In phase one, the goal is to
ensure the suitability of the model, remove the sample affected by abnormal
factors and estimate the parameters of the model [8]. To check the
correctness of the model, tests of normality, equal variance and
independence of error sentences are used [9]. In this study, Stover and
Brill's TZcontrol chart, which is based on the mean, variance and
covariance matrix of the sample is used [9]. After we were statistically sure
that the process is under control and the profile parameters were estimated
asY = A. + B.X;, using online data, the controllability of the process is
checked. "The second phase of the statistical control process identifies the
occurrence of changes in the profile structure” [10]. In this step, the EWMA
control chart is used to monitor the profile structure. The statistical values
include the information of the past times, this chart is sensitive to small and
medium changes and shows less resistance to the presence of an out-of-
control signal [11].

3- Applied study and findings

In order to investigate the relationship between compressive strength and
age of concrete, concrete manufacturing information has been used in a
construction project of a 6-story building.

10 samples of concrete with the mixing plan according to table 1 at the age
of 1, 3, 7, 14, 28 and 60 days were taken from the mentioned project and
the compressive strength of the samples was tested by 3 experts and each
expert tested each sample using a Schmidt hammer 3 times have been
measured. Since the value of total Gage R&R is less than 30%, it can be
concluded that the measurement changes of the tool are acceptable and the
compressive strength of concrete at different ages is confirmed.

First, the parameters of the width from the origin a;and slope b;are
calculated (Z; = (a;, b))") is formed,
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Table 1. Value of profile parameters
Profile | @) b)) Zj = (a;, b)"

\ YYIYA <1680 (v¥/vYA- f0a0)T
Y YY/¥0 < 16aY (ve /%0, /0ar)T
e YT <169 ¥ (ve /vy, /6a%)T
f YY/YO <15 (vv/vo, /oaN)T
) YYIY- -6 ¥f (vv/y-,-/0a)T
2 YY/vS -1OAQ (vy/vs,- Joa)T
\ YYIY- < [04Y (vy/y-, /oav)T
A YY/YF <164 (vv/vs,- [oar)T
q VAIOF JAYA (\A/08,- JAYN)T
Ve \AISF < JAYY (VA/58, YT
@ YY/YY Z = (vv/ey,- /59T
) 5%

The T2 statistic is calculated asT) = (Z; — Z)' S~ (2; — Z) according to
table 2.

Table2. Value of T?

Number T? Range
) SIVYY ®-+/aY)
v -IYYS @-+/aY)
v VY @-+/aY)
f “I¥s- ®-+/aY)
0 SIYYE @-+/aY)
3 SIYAY ©-+/3Y)
y a/say @-+/aY)
A IYAD @-+/aY)
4 41 ©-+/3Y)
V. YIVSY @-+/3Y)

The above diagram shows that the 7th profile is out of control, this profile
is deleted and the checks are repeated. Considering that the profiles are
under control, the parameters of the model are obtained by averaging the
width from the origin and the with a standard deviation of 12.51
Y=22/24+0/65x; i=1, 2, 3, ..., 6. Process control in the second phase
identifies out-of-control conditions, and any factor that leads to a change in
model parameters is an out-of-control condition. To check the accuracy of
the model, a change of o) is made in the width parameter from the origin,
slope and both parameters for 180 out-of-control. The error sentence is
obtained as e;j=y;-(22/24+0/65x;), i=1, 2,3, ..., 6 & =1, 2, ...

The average of error sentences is obtained as e, = §=1%, the EWMA
statistic is obtained as EWMA(e); = 0e, + (\ — )EWMA(e);_,.In this

research, 6=0.1 and the control are +Y % YY/o) /(Y_://‘\)*?. The sequence

length until the appearance of the first out-of-control profile for different
values of A is shown in Table 3.
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Table 3- Out-of-control sequence length
Number | A | okchange oA Change in length out
in slope width from the of control
origin
1 Iy 1YY §
ey /XY )
A ooy 1YV 1YV I
f 1ed Nias f
o 1ed A A
5 [+ Nias Nias Y
v o fe¥ - IAA Y
A o fe¥ “IAA i3
q o fe¥ “IAA - IAA Y
\ -/+q VY Y
) -/+q WY f
VY -/+q WY VY Y
'Y iy YIVO )
Vf iy YIVO . )
V0 iy YIVO YIVO )

The performance of the control chart in the second phase is measured
using the random variable of the length of the out-of-control sequence
[12], [3], the change in the model parameters for different values of A has
changed the sensitivity of the EWMA method in identifying out-of-control
profiles. According Table 7, EWMA method can identify small changes
as small as 0.03 standard deviation in the model parameters, when the
change in the model parameters becomes larger, the performance of the
control chart also improves and the out-of-control profile is identified
earlier and the sequence length variable Out of control decreases, large
changes such as 0.3 standard deviation are quickly identified after one
sample.

4- Conclusion

Control charts are one of the common ways to evaluate process variability,
but the performance of control charts depends on the accuracy of the data.
The accuracy of the data is affected by the state of the measuring instrument
and the skill of the measuring expert, the presence of defects in any of these
factors leads to unrealistic data and can have a significant impact on the
performance of the control chart. In this research, the accuracy of the data
was investigated using the tool study method and the results show that the
obtained data are reliable. In the next step, using Stover and Brill's method,
the relationship between compressive strength and age of concrete was
obtained as a model for the process, and using the obtained model, the
control of online data was investigated. With the simulated data, the
performance of the control chart for model monitoring has been measured.
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In this phase, the EWMA control chart was used to monitor the profiles.
The results showed that the profile approach can be used to control the
quality of concrete.
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