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ABSTRACT

Title of Thesis : Automated Determination of Air Content
in Hardened Concrete.

Name : Anita Navalurkar,
Master of Science in Civil Engineering, 1991

Thesis directed by : Dr. Farhad Ansari

An automated system was developed for the microscopic determination of
air content and the related parameters in hardened concrete using the principles of
Image Analysis and Computer Technology. Slices taken from the concrete specimen
were viewed through a microscope with 40X magnification. The magnified image of
the concrete slice is digitized by an Image Analyzing Software. Methodologies were
developed for analysis of the digitized image and determination of air content and
the required parameters. The automated system included a motorized positioner
which translated microscope stage in a frame by frame sequence so that the whole
image is digitized. Several tests were conducted on mortar and concrete to observe

the behavior of entrained air with varying amounts of air entraining agents.
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Chapter 1

Introduction

1.1 Purpose of entrained air

Deterioration of concrete structures due to freezing and thawing is one of the
major problems of concrete industries in northern climates. Deterioration is caused
by the expansion of freezing water in the void system of the cement paste in concrete
exposed to freezing and thawing [1].

When water freezes, it expands; if restrained this expansion can cause a
high internal pressure sufficient to disrupt even the strongest concrete. Air voids
entrained in concrete act as empty reservoirs for the water and relieve this pressure.
Thus air voids entrained in concrete increase its ability to withstand freeze-thaw
cycling [2].

The main purpose of introducing air is usually to protect hardened concrete
from frost action. Sometimes it is also done because of the beneficial effect on
the workability of plastic concrete having a relatively low cement content. Air
Entrainment improves the workability and is accompanied by less segregation and

bleeding and results in a more homogenous mix [1-3].



Air content of normal concrete after full compaction is usually about 2 to 3
percent whereas the optimum air content to give maximum resistance to freezing and
thawing is about 5 to 7 percent. This additional entrainment of air is accomplished
by means of a suitable air entraining agent which forms stable air bubbles. Air
content in concrete should be carefully controlled, since the resistance to freezing
and thawing would be impaired if the concrete contains an insufficient amount of

air, and the strength would be critically reduced if the percentage of air 1s excessive

(3.

1.2 Theoritical Background

Air content in concrete can be categorised by entrained and entrapped air.
Entrapped air is that which is found in a given mixture when an air-entraining
agent(AEA) is not used, and accordingly, entrained air is said to be that in excess
of entrapped air present because of the air-entraining agent [5].

Entrapped air is the result of insufficient compaction, and air voids present
in the form of entrapped air are unstable and large in size (generally greater than 1
mm). These voids do not contribute towards increasing the resistance of concrete to
the freeze-thaw action. Entrained air consists of small, evenly distributed air voids
that are produced by the stabilizing action of a suitable AEA on the air bubbles.

In terms of quality control of concrete we are generally concerned with the
air content of fresh concrete [4], but it has been found that, it is not only the total
amount of entrained air but also the size and distribution of the air voids that are
important factors contributing to the increased resistance of concrete to freezing
and thawing. At present the study of such characteristics of entrained air such as

void size, void concentration, and uniformity of distribution is only possible by the



study of hardened concrete [5].

In addition it is known that field performance is sometimes inconsistent with

general expectations. This fact has been documented by several authors [6-9]. Thus

the microscopical determinaton of the air void content and its parameters in hard-

ened concrete is carried out both for estimating the potential durability of concrete

that may be exposed to a freeze-thaw environment, and in examining concrete that

has failed service.

1.2.1 Terms commonly used

(1)

Air Void : is a small space enclosed by the cement paste in concrete and
occupied by air. This term includes both “entrapped” and “entrained ” air

voids [10].

Air Void Content : is the percentage of the ratio of the volume of air to the
volume of concrete. Over here it is approximated as the percentage of the
ratio of the total length of air voids to the length of traverse [5,10].

Av Al

Total length of Traverse : is the total length of the line of traverse [5].

Total Length of air bubble : is the sum total of all the lengths which were

crossed in the line of traverse [5].

Mean Chord Length : is the average length of the air bubble. (or it is also
defined as the total length of air bubbles divided by the total number of air
bubbles). Mean Chord Length is also called the Mean Chord Intercept [10].

Al

Mean Chord Length (MCL) =
n

(1.2)



(6) Specific Surface () : is the boundary area of the bubbles divided by the total

volume of bubbles [5].

4n 4
=1 = WcL (1:3)

where n is the total number of bubbles encountered. Thus smaller the voids,

bigger is the Specific Surface ().

Paste Content (p) : is the ratio of the weight of cement and water to the

combined weight of cement, sand, aggregate and water [5].

. osw
P=C s+a+w

(1.4)

Spacing Factor (L) : is an index relating to the maximum distance of any
point in the cement paste from the periphery of an air void [10] or as shown
in figure 2.1, it is also defined as a number relating to the distance between

air bubbles [5].

I= a—z (1.5)
- 3 p 3
L = Z [1.4(2 — 1) — 1] (1.6)

where o is the specific surface area as given above, A is the air content, and
p is the paste content.

The Spacing Factor is calculated by one of the above two formulae, i.e. Eq
(1.5) or Eq (1.6) whichever gives a smaller value. From the above equations, it
is evident that for a given percent of air, greater the surface area («), smaller

1s the average distance between bubbles.



O O

L = Spacing Factor

O O

Figure 1.1: Schematic Diagram showing Spacing Factor of Air Voids



1.3 Existing Methods

Microscopical Determination of air void content and the parameters relating to it,

is generally accomplished by one of the two following methods [5,10,11] :

(1) The Linear Traverse Method (Rosiwal Method)

(2) The Modified Point Count Method

1.3.1 Linear Traverse Method

This method involves cutting the specimen, polishing the cut surface, and measuring
the fraction of total area occupied by sections of air bubbles [5,10-12].

This method is based on the principle that, provided the bubbles are ran-
domly arranged, a straight line passed through a sufficiently large specimen, or a
sufficient number of lines through any given specimen, will encounter a represen-
tative sample of the air bubbles, and, of the total length of the lines that fraction
which lies within the voids is the same as the volume fraction of air in the sample.

Thus the air content of a sample can be calculated by means of Equation

Av é{

A:——-—-:

> =T (1.7)

where A is the volume of air; V is the volume of the sample; Al is the length of an

individual air bubble in the line of traverse; and L is the total length of traverse.

1.3.2 Point Count Method

This method involves examination of the finely ground surface or a thin section

under a microscope at regularly spaced points. This method consists of placing a



rectangular grid on the plane surface and counting each grid intersection that falls
within a void section. The air content of the sample is then equal to the number of
such coincidences with voids divided by the number of grid intersections as given

by equation (1.8):
S,

A:St

(1.8)

where A is the volume of air expressed as a fraction of the volume of concrete; 5, is
the number of points falling within the section of an air void; S, is the total number
of points observed. In practice a grid is created optically, point by point, by means
of a mechanical stage capable of bilateral stepwise movements, mounted under a

fixed binocular microscope [10,11].

1.3.3 Need for a New Method:

Inspite of the fact that the existing methods are very commonly used, these methods

have two major drawbacks :

(1) The accuracy of results depends on the efficiency of the operator in recognizing
the edge of the air bubble. Different operators have been known to produce

results varying quite vastly from each other [13].

(2) The existing methods are cumbersome and time consuming, since the obser-

vations of the entire length of traverse are taken manually.

Thus an attempt has been made to develop an automated system using Image Anal-
ysis and Computer Technology to overcome these drawbacks retaining the principle
behind ‘The Linear Traverse Method’. The method developed is faster, accurate,

and does not require manual supervision.



Chapter 2

Image Processing and Computer
Automation

2.1 Methodology

An image is a picture, photograph or a display giving a visual representation
of any object or a scene. However, in Image Analysis, an image is considered to
consist of 512 x 512 pixels arranged in a rectangular array to form a complete
image. Thus a pixel is a small element of the image used to represent that portion
of the image. Pixel Value is the average brightness intensity of a pixel which can
range from 0 to 255. Ideally a pixel value of 255 corresponds to white and a pixel
value of 0 corresponds to black. Any value in between corresponds to various shades
of grey with the pixel value decreasing as the darkness increases [14,15]. Thus in
Image Analysis, any picture is converted to 512 x 512 points or pixels each having
a certain pixel value. This is referred to as Image Digitization. An Image Analyzing
software performs this digitization and gives the pixel numbers along with the pixel
values as output. This output can then be used by the user and fed into the

computer to be used as input for some programs to obtain the desired results. This



principle of Image Analysis has been used in determining the air void content and

its associated parameters.

2.2 Applications of Image Analysis

Image Analysis has a variety of scientific, industrial, business, and graphic

applications. Some of the fields in which Image Analysis is widely used are :
(1) Medicine
(2) Robotics
(3) Manufacture

(4) Remote Sensing

2.2.1 Application in Medicine

Image Analysis has been adapted to suit many purposes of the medical field.
Spatial Filtering, Contrast Enhancement, and edge detection techniques|{15] are
applied to images of X-rays to aid the diagnosis of diseased organs or to detect
the presence of any abnormality. This can be done by storing one image of a
healthy organ for comparison with an X-ray image of the organ to be analyzed
and reporting any unusual patterns or dark spots. Image Measurement functions

of Image Analysis can be used to aid the documentation of any abnormal growth

[16,20].



2.2.2 Application in Robotics

Robots are an integral part of any manufacturing. Robot vision systems can
be built to incorporate an Image Analysis software to aid in the analysis of images
captured by robots. Images captured by robots can be also stored for manual

analysis [16,19].

2.2.3 Manufacturing

During the manufacturing process, image processing workstations can be used
to inspect parts coming off an assembly line. Parts with critical sizing requirements
can be digitized and compared to a standard image for any deformations or imper-
fections. Critical locations in parts can be measured and compared against product

specifications [16,17].

2.2.4 Remote sensing

Satellite images can be processed in many ways by Image Analysis.To enhance
special areas of interest the contrast enhancment can be used to improve clarity of

images. Image areas can be magnified or reduced in scope [16,18].

2.3 Image Analysis and Air Content Determina-
tion

The main purpose behind the research reported here was to develop an auto-
mated method for determining the air content in Hardened Concrete which had the

following advantages :
(1) Its accuracy would not depend on the operator’s efficiency.

10



(2) To produce rapid and accurate results.

2.4 System Configuration

Microscopical Determination of air content of concrete was done using Image

Analysis. The setup in this system consisted of :

(1) Computer PC/AT
(2) Microscope
(3) TV Camera along with the monitor and amplifier

(4) Two-Phase Motor

Details pertaining to the above mentioned components are given in Chapter
3. The concrete slice to be analyzed is placed under the microscope. The Image
Analyzing software captures and digitizes the magnified image of the slice through
the camera which is attached to the microscope assembly. The digitized image
is then sent to the computer as input. FORTRAN programs MAIN.FOR, COM-
PACT.FOR, COMBIN.FOR, and FINAL.FOR take this input and perform the
required operations to give the required parameters of air content of the sample to
be analyzed. A two phase motor system moves the slice according to the depth of
the microscope objective lens frame. In this way, the entire slice is analyzed frame

by frame. The configuration of this setup is shown in Fig 2.1

2.5 Image Processing on P.C.s

For Image Processing on a P.C., a software “DT-IRIS” version 1.04 was used.

This software was installed into the PC/AT to be used in conjunction with the
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DT2851 board. The DT2851 board is a High Resolution Frame Grabber, i.e. it
is a 512 x 512 frame grabber designed for use on the IBM PC/AT. (A 512 x 512
frame consists of 512 x 512 pixels). DT-IRIS consists of subroutine libraries that
are callable from BASIC, C, FORTRAN and PASCAL and which support all the
functions of the DT2851 frame grabber [11]. In this thesis FORTRAN(version 5.0)
was used along with subroutines from DT-IRIS FORTRAN library “ISFORLIB”.
It was found that DT-IRIS was not compatible with earlier versions of FORTRAN.
Subroutines from DT-IRIS perform the following categories of operations when
called from FORTRAN programs :

e Acquisition of video frames into the DT2851 frame grabber frame-store memory
buffers.

¢ Display of the DT2851 frame grabber’s frame-store memory buffers.

¢ Display and control of a display cursor.

e Storage and retrieval of images to and from disk files.

The DT2851 digitizes images with eight bits of resolution (i.e. 28 = 256 level gray
scale). For more detailed information about DT-IRIS and DT2851 board refer to

the user manual [21,22].

2.6 Methodology

2.6.1 Methodolgy in Linear Traverse method

In this method the concrete specimen is cut, and the cut surface is polished
with the help of finely graded abrasives. The plane, finely ground surface of the
specimen is then viewed through a stationary microscope and measurements of
air voids and the related parameters are made manually along parallel equidistant

traverses [12]. In the Linear Traverse Method, the length of traverse across air voids
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intercepted by the line of traverse is measured and the air void content 1s calculated
by dividing this length of voids intercepted by the total length of traverse.

Thus the air content is calculated by means of equation (2.1):

Av YAl
_ Av _ 2.1
A 7 7 (2.1)

where A is the required air content, Av is the volume of air, V is the volume of the
sample, Al is the length of air voids intercepted.

As can be seen from equation (2.1), this method is based on the principle that
provided the bubbles are randomly arranged, a sufficiently large number of straight
lines through any given specimen, will encounter a representative sample of the air
bubbles, and of the total length of the lines, that fraction which is intercepted by

voids is the same as the volume fraction of air in the sample.

2.6.2 Point Count Method

The Point Count Method is based upon statiscal considerations and requires
a finely ground cross section of the specimen. This method consists of placing
a rectangular grid on the plane surfae and counting each grid intersection that
falls within a void. The air content is then calculated by dividing the number of
intersections that fall within a void by the total number of grid intersections as

given by equation (2.2):
S,

A=22
St

(2.2)

where A is the reqd air content; S, is the number of points falling within the section
of air voids; and S; is the total number of grid intersections.
In practice, a grid is created by means of mechanical stage capable of bilat-

eral stepwise movements, mounted under a fixed binculor microscope. Counting of
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points is done manually and the stage is shifted by a mechanical gear arrangement

after each section under the microscope has been analyzed.

2.6.3 Automated Microscopical Determination of Air Con-
tent

In this method, the principle of the Linear Traverse Method has been used

with a few modifications in the setup. Manual Supervision has been eliminated by

the combined use of an Image Analyzing Software - DT-IRIS and a two phase motor

attached to the stage of the microscope and operated by a software - MSTEP-5.

2.7 Image Analysis for Determination of Air Con-
tent

Entrained air voids can be distinguished from the concrete matrix because
of the difference in depth between the air voids and the matrix and the fact that
air voids are generally less than 1mm in size and are spherical. It is easy for the
human eye to distinguish them with the help of a microscope but for the computer, a
difference in mathematical values has to exist along with a threshhold by which to be
able to make a differentiation. This is exactly what is achieved by Image Processing.
Each point in the image is given a value known as a pixel value depending upon
the color intensity of that point. If a contrast can be created between the concrete
matrix and the air voids, the contrast would result in a marked difference in pixel
values.

This contrast is created in concrete by blackening the concrete surface and
filling all the air voids with a white powder (figure 2.2.). Thus ideally an air void in

the image has a pixel value of 255 and the concrete matrix ideally has a pixel value
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of zero. But the concrete matrix is not completely black because of two reasons :
e The marker ink used may not be completely black, i.e it may have a dark blue
tinge.
e The concrete matrix has traces of the white powder used to fill the air voids.
Therefore the pixel value of the concrete is generally around 100.
Similarly the air voids may not be completely white because the white powder used
to fill them may not be truly white but may have a yellowish tinge.
Hence a threshold pixel value of 240 is set and any point having a pixel value
above 240 is considered as an air bubble and correspondingly any value below 240
is considered as concrete. Figure 2.3 shows the pixel values of points as the line
of traverse cross a bubble. This effectively demonstrates the reason for choosing a

value of 240 as as a threshold.

2.8 Motor operating Software

The stage of the microscope is attached to a 2 phase motor operated by the
software - MSTEP-5 made by Keithley Metrabyte. Metrabyte’s MSTEP-5 is a plug
in 2 axis stepper motor and incremental shaft encoder motion control board for the
IBM PC/AT. The board is 12 inches long and requires a full length expansion slot
in the computer. All communication with the MSTEP-5 is via I/O ports. The base
I/O address for this board can be selected on a dipswitch and can be anywhere in
the range 0 to 3F8 (hex). In this setup the base address was selected as &H330 or
816 (Dec).

This utility software is provided with a Microsoft Basic callable driver
(MSTEP.BIN) for the control of the basic stepper and encoder functions. MSTEP.BIN

contains functions that can be called from simple Basic programs to operate the

16






Black

Pixel Value

0 100 200 300 400 500 600
Traverse Line

Figure 2.3: Graph of pixel points versus pixel values when the line of traverse crosses
an air void

18



motor. A comprehensive demonstration program (DEMO.EXE) is also provided

with options of all types of motor operations [23]

2.9 Explanation of Programs used

The process of digitizing the image (i.e. giving pixel values to each point of
the image) is accomplished by calling subroutines from the DT-IRIS library. This
process of calling the subroutines, analyzing the pixel values, recognizing the air
voids and calculating the resultant parameters is done by a FORTRAN program
MAIN1.FOR. This program calls subroutines from ISFORLIB.LIB which acquire
an image, and digitize it. The program then analyzes the acquired data in order to
calculate the total length of the air voids, the number of air voids, the number of
chords in between the air voids in one frame (portion of the slice in view under the
microscope) and stores this information in 3 files. One of which is B1.DAT which
contains this information in a form which can be accessed by the computer(i.e. in
two columns of data - one column containing the pixel number and the other con-
taining the pixel values), the second file, BB1.DAT contains calculated data (i.e.
bubble numbers, bubble size and the length of chord between the bubbles encoun-
tered in one frame) which can be read by the user, and the third file, GP1.DAT
contains only the bubble sizes along with the number of voids of that size in two
columns (This file is used for plotting the graph of “Bubble Size Vs Bubble Count”).

ASTM C-457 specifies that for the determination of air void parameters the
total length of traverse should be minimum 100 inches with a concrete of maximum
aggregate size of 1.5 inches. ASTM C-457 also specifies that the sample of the
concrete to be analyzed should be obtained from at least three locations in the

body of the concrete to ensure proper representation of the concrete sample. It
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further states that best results are obtained if the selected traverse length is spread
over the maximum of available prepared surface of concrete so as to compensate
to the fullest degree for the heterogeneity of concrete. Hence to cover the required
length of 100 inches, five slices of concrete were chosen from the top of the sample
and each slice was so divided as to provide traverses of uniform length and a total
traverse length of about 100 inches (figure 2.5).

Therefore an approximate distance of 20.57 inches was covered in each slice
along equidistant traverses quarter of an inch apart. This 20.57 inches length is
covered by four runs each of two batch programs: IMAGE.BAT and IMAGE2.BAT.
These two programs are used alternately depending upon the direction in which the

stage of the microscope has to be moved.

IMAGE.BAT runs the progams MAIN.EXE and BASICA MOTOR succe-
sively thirteen times (see figure 2.5.) Program (MAIN.FOR) analyzes one frame of
512 pixels. Similar programs, thirteen of them(MAIN1.FOR through MAIN13.FOR)
perform identical tasks except that they create files with different names for the
storage of data. After analysis of each frame, the BASIC program MOTOR which
operates the two phase motor using functions from the software MSTEP-5 moves
the stage so that the next frame comes into focus. The MSTEP-5 software also
contains a demonstration program DEMO.EXE by which the stage can be brought
to an extreme side before the start of the experiment.

After MAIN has been executed thirteen times, the batch program runs an-
other program COMPACT which consolidates the results of these thirteen programs
and gives the final result in 2 files : BBBB1.DAT and RUN1.DAT.

The batch program has to be executed eight times per slice. At the end of
the eighth run the program COMBIN has to be executed. This program computes

all the air content parameters of one particular slice.The total length of traverse in
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Figure 2.4: Diagram showing lengths of traverse on a single slice
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a slice is thus 20.57 inches. Five such slices have to analyzed before the required
length of 100 inches is covered. The program FINAL gives the final result, that is
the resultant of the five slices.

See Appendix C for Program listings.
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Figure 2.5: Flow Chart of the batch program IMAGE
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Chapter 3

Experiments

3.1 Testing Program

Air Content in concrete and mortar was controlled by using an air entraining
admixture known as MBVR manufactured by Master Builders. By varying the
amount of MBVR added to each mix, a range of mixes with varying percentages of
air were obtained. The air content was determined in the fresh as well as hardened

state [24].

3.2 Air Content Measurements in Fresh Concrete

Two different devices were used to determine the percent of entrained air in
fresh concrete:
e Precision Air Entrainment Meter (Model CT 126-A, manufactured by Soiltest)
also known as the Pressure Meter.
e Fiber Optic System [23]

Four samples of concrete and five samples of mortar were tested with varying
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amounts of AEA. The mix designs for concrete and mortar and the amount of AEA

added for each sample are summarised in Table 3.1.

Specimen Mix AEA
Type
Oml | 2ml | 5.5ml | 10ml | 15ml

Concrete 1:2.1:3.4:0.5 1 1 1 1 -

Mortar 1:2.1:1 1 1 1 1 1

Table 3.1 Experimental Program

In the Fiber Optic System, the syringe needle probe was moved around the
large aggregate particles in the concrete. Ten readings were taken for each sample
and the average of these ten results was used for comparison with each one of the
values obtained by the Pressure Meter. Experimental results thus obtained are
listed in Tables 4.1 to 4.10

Comparison of results obtained by the Pressure Meter and the fiber Optic

system indicate a good degree of correlation in between the two techniques.

3.3 Measurement Technique in Hardened Con-
crete

3.3.1 Description of Testing Apparatus

The testing apparatus consists of four main parts. They are as follows:
(1) The Computer IBM PC/AT with 640k RAM :
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(2) The Microscope (by Edmund Scientific Co.) The microscope has three levels

(3)

of resolution : 40X, 60X and 100X. In this research a magnification of 40X
was used. The ASTM C-457 specifies that the resolution of the microscope
in the microscopical determination of air content and the related parameters
should be such that smallest bubble distinguishable should be 20 microns. It
was found that with a resolution of 40X the smallest bubble which could be
distinguished was 10 microns. Hence a resolution of 40X was sufficient. The
stage of the microscope is altered such that it can be moved along two rails

in two directions by a two phase motor.

The two phase motor (by Keithley Metrabyte): This motor is connected to
the computer and the power supply and can be operated by the software
- MSTEP-5. The software MSTEP-5 is a plug-in two axis stepper motor
and incremental board for the IBM PC/AT. This software is provided with a
Microsoft Basic callable driver named MSTEP.BIN which contains functions

which are callable from simple Basic programs to operate the motor.

(4) The TV Camera and monitor(Hamamatsu)

(3)

The amplifier (Ikegami)

A high speed analog-to-digital converter converts the video signal from the

TV camera to yield a digital picture made up of 512 x 512 pixels of 8 bits. This

digital picture is stored in a digital frame memory. The digital image data to be

analyzed are transferred from the digital frame memory to the computer by direct

memory access. The final required result is obtained after this data is utilized by a

series of programs as explained earlier in chapter 2. The configuration of this setup

is shown in figures 3.1 and 3.2.
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3.4 Calibration of pixel length and motor

3.4.1 Determination of Spatial Resolution of a Pixel

The size of the physical area represented by a pixel is called the spatial resolu-
tion of the pixel. That is, the actual size of an object seen on the screen through the
microscope can be calculated by multiplying the length in pixels by this resolution
factor.

The principle used in the determination of the Spatial Resolution of a pixel
is that the microscope lens has a constant focal length. That is, when any object is
focused under the microscope it is at a fixed distance from the lens.

The length of a pixel was calibrated using an accurately grauduated metallic
vernier calliper. The graduated surface of the calliper was cleaned thoroughly with
alcohol. Chalk was rubbed on the graduated surface so as to fill the graduations
with chalk powder. Excess chalk was flicked off from the surface and the surface
was wiped with a wet cotton swab. This surface of the calliper was then observed
under the microscope and the program MAIN1.EXE was executed. The difference
in the number of pixels between two consecutive divisions of the calliper was then
noted and the spatial resolution of a pixel was calculated by dividing this difference
by 0.025 inches which is the difference between two consecutive divisions of the
callipers. These measurements were repeated a few times for accuracy and the

average result was adopted.
63.666 pizels = 0.025" (3.1)

Therefore,
1 pizel = 0.00039267" = 3.9267 x 10~*" (3.2)
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or

1 pizel = 0.0099738 mm = 9.9738 x 10™° mm (3.3)

or in terms of microns,

1 pizel = 9.9738 microns (3.4)

3.4.2 Calibration of the motor

The number of cycles run by the motor has to be converted into the actual distance
travelled by the stage of the microscope.

This was accomplished by trial runs of the motor with the vernier callipers
in focus under the microscope. The number of steps needed to cross one division of
0.025 inches was obtained and with the help of this number, the number of steps

needed to cross exactly one screen of 512 pixels was calculated.
0.025" = 108.75 steps (3.5)

The microscope stage is required to move by one frame, that is,
1 frame = 512 pizels x 0.00039267 = 0.2" (3.6)

Therefore,
0.2" = 870 steps

Therefore 870 steps are required to move the microscope stage by one frame.

3.5 Experimental Progam

3.5.1 Preparation of Sample

Concrete to be tested is cast into a mould of size 4 x 4 x 12 inches (fig 3.4).

After demoulding the concrete is cured for two to three weeks before slicing. The
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concrete is then cut with a diamond saw into slices of equal thickness. Five slices are
cut from the top to the middle portion of the sample (fig 3.4). The top 1 inch of the
specimen is not used for analysis as this portion contains a lot of entrapped bubbles
which rise up from the deeper portions of the concrete during vibration. The slices
to be analysed are polished with succesively finer grinding sheets begining with the
grit no: 100 and going on upto grit no: 550. During polishing care should be taken
so that existing air voids do not get destroyed due to the fine dust which comes
out during polishing. For this, the surface to be polished should be cleaned with
a fine brush after every few minutes during polishing. This process of polishing is
called “lapping” and is a very significant step in the microscopical determination of
air voids [25,26]. The purpose of lapping is to make the air void edges sharp and
distinct. The concrete should be properly cured prior to the lapping process since
surface defects are numerous when the paste is too weak. It is therefore a good
practice to saw concrete slices and cure them for a few days before lapping [25].
After the slice is polished, the surface to be tested is cleaned with a very fine spray
of water to remove any dust which may have accumulated in the air voids. The

slice is then kept aside to dry.

Usually a ground surface of a concrete specimen contains components
of nearly all shades of colour and brightness. This makes it impossible to assign a
category of contrast positively to the air-void system. An analysis of the system
suggested that it would be preferrable to remove all natural contrasts by painting
the surface black and then to create contrasts at the sites of air voids by filling them
with a white powder [25].
The concrete specimen is examined methodically along parallel, equidistant
traverses. These traveres are one-fourth of an inch apart. This distance between the

traverses is maintained by metallic spacers one-fourth by one-fourth inch in cross
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section and four inches long. A sample prepared for analysis consists of 5 slabs to
ensure adequate sampling throughout the thickness of the specimen. It has been
shown by several researchers a total traverse length of 100 inches was sufficient to
obtain results with a standard error of less than 0.4 % [12,13]. Brown and Pierson
have shown this length of traverse is adequte to establish the air content of concrete
containing aggregate as coarse as one and half inches [12].

Therefore each slab was so divided so as to provide a uniform length of 20.57

inches and a total length of above 100 inches.

3.6 Experimental Procedure

3.6.1 Determination of Paste Content

To calculate the paste content of concrete by this method, the following procedure

is to be {ollowed :

(1) Blacken only the large aggregate of the polished concrete slice as carefully as

possible and leave the rest of slice as is (fig 3.5).

(2) Switch on the computer, amplifier, and the monitor two to three hours prior
to actually starting the experiment. After switching on the amplifier, it is
noticed that the image is not steady. In order to obtain a steady image the
program DISPLAY should be executed. This program can be executed from
the root directory as well as the directory : IRIS1.04. Focus the slice to be

viewed by means of the focussing screw to side of the microscope stage.

(3) After the amplifier and the camera have been on for approximately two
hours,the gain has to be adjusted to the required level. This can be ac-

complished by means of IRIS-TUTOR. On the c: prompt change directory to
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IR-TUTOR. Execute the program IR.EXE. After entering the IRIS-TUTOR

sync external
clear buffer 1

type the following commands : acquire 1 frame to buffer 1
display buffer 1
place_cursor

At this point a cursor will be visible on the screen. Move the cursor by means
of the cursor keys and note the pixel values at the junction of white and black
points. There should be a distinct difference in the pixel values. The white
points should have a pixel value well above 240 ( a value of about 250 has
been found to be satisfactory) and the black points should have a pixel value
well below 240 (about 100). If this is not so, clear buffer 1, then increase or
decrease gain and repeat the above procedure to check the pixel values again.
This process is to be repeated till the required pixel values are obtained. This

is the optimum level of the gain.

Make sure that the stage of the microscope is at one of the extreme ends.

Switch on the power supply for the motor.

Execute the program PASTE.BAT or PASTE2.BAT depending on the direc-
tion in which the microscope stage has to be moved. The execution of this
program results in the formation of 13 files (PC1.DAT to PC13.DAT) in the
directory IM-DATA and one resultant file (PASTE1.DAT) in the directory
RESULTS. Rename PASTE1.DAT to PASTE2.DAT and delete all the files in
the directory IM-DATA. These files have to be deleted otherwise the execution
of the next program will give an error since the next program i.e. PASTE or

PASTE2 generates files with the same names.
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(8) Repeat step (7) till eight files PASTE2.DAT to PASTE9.DAT are formed.
Execute the program PUNE.EXE to obtain the cummulative result of Slice 1
in the file PSLICE1.DAT. Rename PSLICE1.DAT to PSLICE2.DAT to avoid

any errors or overwriting in the execution of the next program.

Repeate steps (7) and (8) for four more slices to obtain the final result of all five
slices in the file PFINAL.DAT. It is to be noted that the above mentioned technique
only slightly overestimates the paste content since it does not distinguish between
the fine aggregates and the cement pastes. The percentage error in the paste content
calculated by the above method was found to be 5.1 %, for which the appropriate

corrections are given in Appendix A

3.6.2 Determination of Air Content

(1) The surface of the slice which has been used for the calculation of paste content
is then fully blackened with a permanent black ink using a thick marker. At
this stage white chalk sticks are finely pulverised for the consequent stage of
specimen preparation. After making sure that the surface has dried properly,
the crushed chalk is rubbed onto the surface making certain that the chalk
powder 1s entering the air voids. The excess chalk is flicked off the surface of
the slice with the help of a cotton swab. After the chalk powder has settled

in the voids wipe the surface gently with a damp cotton swab.

As a result of this procedure a concrete slice is obtained which has a totally
black surface and air voids which are filled with white chalk powder. See
Fig 3.6. Thus this contrast of black concrete and white air voids helps in

distinguishing the edges of the air voids in Image Analysis.
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(2)

(3)

Follow steps 2 through 6 from the section 3.6.1 (determination of Paste Con-

tent).

Execute the program IMAGE.BAT or IMAGE2.BAT depending on the posi-
tion of the stage. The execution of this program results in the formation of
three sets of data files in the directory IM-DATA and two files in the directory
RESULTS. One set BBX.DAT consists of thirteen files (X = 1 to 13) formed
because of execution of the program MAIN.EXE thirteen times in the batch
file IMAGE. This set of thirteen files BX.dat is then used by the computer
to form the resultant data file. The second set BBX.DAT consists of thirteen
files which can be viewed by the user. The third set GPX.DAT consists of
files which are used to plot the graphs of Bubble Size Vs Bubble Count. The
two files in the RESULTS directory : BBBB.DAT and RUN.DAT contain the

resultant of all the individual files.

Rename all the files in the directory IM-DATA and store them in a floppy disk
before deleting all files in this directory to avoid the generation of any errors
or overwriting during the execution of the next batch program. In the direc-
tory RESULTS rename RUN.DAT to RUN2.DAT and rename BBBB.DAT
to SECT2.DAT. Now the next batch program should be run and the process
repeated. The programs IMAGE.BAT and IMAGE2.BAT are to be executed

alternately.

The data files in the directory IM-DATA should again be renamed and stored
as before.The RUN.DAT file should now be renamed to RUN3.DAT and
BBBB.DAT to SECT3.DAT.
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Figure 3.6: Photograph of prepared shee seen through the microscope with 40X

magnification for the determination of air content
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(5) This process should be repeated eight times till RUN2.DAT, RUN3.DAT,
.., RUN9.DAT and SECT2.DAT, SECT3.DAT, .., SECT9.DAT are formed.
After these eight sets of files are formed, run the program COMBIN.EXE. This
results in the formation of two more files : RESULT.DAT and XSLICE.DAT.
These files contain the resultant data of the entire slice. Rename these files

to RESULT2.DAT AND XSLICE2.DAT.

This whole process should be repeated for 4 more slices till the files: RESULT2.DAT,
RESULT3.DAT, .., RESULT6.DAT are formed. To get the final result of the con-
crete specimen, now run the program FINAL.EXE. The required results can be

obtained from the file : QUTPUT.DAT.
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Chapter 4

Results and Discussion

4.1 Results for Air Content

This chapter presents the experimental results, their analysis and a discussion
of the observed trends. Concrete and mortar samples were tested both in the
hardened as well as in the fresh state. Experimental program is depicted in Table
3.1.

Experiments were carried out on concrete and mortar with varying amounts
of AEA [10]. It was observed that in any mix, larger amounts of AEA produced
increased amounts of entrained air. Tables 4.1 through 4.5 list test results obtained
from air content measurements of fresh mortar. Tables 4.6 through 4.9 depict the
same for fresh concrete. These samples were then cast into molds to be tested in
the hardened state.

Air content of all the samples tested in the fresh and hardened states are
compared in Table 4.10. These results are further compared in figures 4.1 through
4.3. Results indicate that an increase in air content is possible by increasing the
dosage of admixture. Many researchers have shown that this increase depends on
many characteristics such as the cement type, type of AEA, mixing time, water-

cement ratio etc [17-19).
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Results also indicate that, in general, the air content in hardened concrete
is lower than in fresh Concrete. This can be explained by the fact that some of the

less stable bubbles are lost during compaction [1,2,17].

4.2 Results for other Parameters

Many parameters other than the total air content such as the Spacing Factor,
Specific Surface, and Mean Chord Length affect the potential resistance of the
concrete to freezing and thawing [2,7,13]. The automated microscopical method
which is developed during the course of this thesis, is capable of computing the

following parameters :

(1) Total Air Content of sample
(2) Total number of Bubbles
(3) Size of each bubble

(4) Mean Chord Length

(5) Specific Surface

(6) Spacing Factor

Table 4.11 lists results from calculations of the above mentioned.

4.3 Size Distribution

Air content parameters obtained for each slice with a traverse length of 20.57
inches as well as the cummulative results obtained from five slices representing the

total values were plotted by a commercially available software (QUATTRO-PRO).
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Bubble Size Distibution curves were plotted against the number of bubbles.
Bubble sizes represent dimensions less than a specified value. For instance, 75
microns, 150 microns etc. These curves were plotted for each slice (traverse length
= 20.57 inches), as well as for the entire specimen (traverse length = 103 inches).
Data representing the Bubble Size Grading for the entire specimen were plotted by
combining and sorting according to the size distribution of data from each slice.

Fig 4.4 shows the Bubble Size Distribution for the mortar specimen with no
MBVR (AEA). Figures 4.5 through 4.9 show the Size Distribution for each slice
(traverse length = 20.57 inches) of the same mortar. Subsequent figures i.e. figures
4.10 through 4.33 show the Size Distribution of Mortar with MBVR (AEA).

Figure 4.34 through 4.42 shows the Bubble Size Distributions for the concrete
specimen with no MBVR (AEA). Figures 4.43 through 4.61 represent the bubble
Size Distribution for samples of concrete with MBVR(AEA).

It can be seen that the total number of bubbles are much larger for specimens
which are air entrained. Also the percentage of small bubbles is greater in the case
of specimens with MBVR. This is because the air in specimens without an AEA is
largely entrapped air which consists of large irregular air voids and are formed due to
insufficient compaction. Air in specimens with AEA consists of small and spherical,
regularly spaced voids which are stabilized by the AEA. Increasing amounts of AEA
result in larger number of bubbles, reduced Spacing Factor and larger Specific Area.
(In our experiments, mortar with 2 ml AEA and mortar with 15 ml AEA did not
conform to this general rule). Larger Specific Area can be explained by the fact
that, with an AEA, a larger air content is produced with a lot of small air voids.
AEA stabilizes smaller bubbles and prevents them from fusing to form larger voids
thus increasing the number of bubbles and therefore reducing the Spacing Factor

between the voids.
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4.4 Comparison between Air Entrainment in Con-
crete and Mortar

It is reported by many researchers that the air content in mortar is expected
to be higher in mortar than in concrete {20]. This is explained by them according

to the following facts :

(1) If we consider a sample of concrete having an air content of 7 %, this is
equivalent to the matrix of the concrete containing about 13 % (since matrix
of concrete is about 50 % of the total volume of concrete) air by volume, since
all the volume of air, entrained and entrapped is present only in the matrix

of the concrete [19].

(2) It has been proved that an increase in the water cement ratio leads to greater
air entrainment along with a decrease in the specific area of bubbles. Since
mortar has a greater water cement ratio as compared to concrete at a com-
parable state of fluidity(workablity), it is suggested that mortar would have a

higher air content but larger bubbles (because of the increase in specific area

of bubbles) [7].

(3) It has frequently been stated that an increase in the sand content results in an
increase in air entrainment. For example an increase in the sand content by 5
% will lead to an increase in the air content by 1 to 1.5 %. Mortar certainly
has a greater sand content than concrete, it is therefore expected that the air

content in mortar is higher than the air content in concrete.

Therefore, according to the above mentioned mechanisms, it can be stated
that the air content in mortar is higher than the air content in concrete for the

same amount of AEA. Our experiments indicated the same. The specific surface
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of mortar was also observed to be less than that of concrete thus indicating the

presence of larger bubbles in mortar .

File name | Fiber Optic Reading | Pressuremeter Reading
DF10.WK1 311 %

DF11.WK1 3.55 %

DF12.WK1 3.86 %

DF13.WK1 1.93 %

DF14. WK1 2.74 % 4.1 %
Df15.WK1 2.44 %

DF16. WK1 2.26 %

DF17.WK1 2.62 %

DF18. WK1 * %

DF19.WK1 * %

Fiber Optic Average : 3.00 %

(* In this test only eight tests were carried out by the fiber optic sensor)

Table 4.1 Mortar with no AEA, Date of test : 3-14-91

File name | Fiber Optic Reading | Pressuremeter Reading
DF10.WK1 3.66 %

DF11.WK1 3.51 %

DF12.WK1 3.89 %

DF13.WK1 4.01 %

DF14. WK1 3.53 % 4.1 %
Df15.WK1 3.33%

DF16.WK1 3.30 %

DF17.WK1 4.18 %

DF18.WK1 4.08 %

DF19.WK1 3.85 %

Fiber Optic Average : 3.73 %

Table 4.2 Mortar with 2 ml MBVR (AEA) ; Date of test : 3-14-91
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File name | Fiber Optic Reading | Pressuremeter Reading
DF10.WK1 5.03 %

DF11.WK1 4.99 %

DF12.WK1 5.22 %

DF13.WK1 4.47 %

DF14.WK1 5.95 % 4.60 %
Df15.WK1 4.76 %

DF16.WK1 3.79 %

DF17.WK1 5.25 %

DF18.WK1 5.75 %

DF19.WK1 4.19 %

Fiber Optic Average : 4.96 %

Table 4.3 Mortar with 5.5 ml MBVR ; Date of test : 3-15-91

File name | Fiber Optic Reading | Pressuremeter Reading
DF10.WK1 5.41 %

DF11.WK1 4.68 %

DF12.WK1 5.08 %

DF13.WK1 4.97 %

DF14. WK1 5.05 % 5.50 %
Df{15.WK1 5.99 %

DF16. WK1 5.18 %

DF17.WK1 5.95 %

DF18.WK1 6.46 %

DF19.WK1 5.60 %

Fiber Optic Average : 5.44 %

Table 4.4 Mortar with 10ml MBVR ; Date of test : 3-19-91
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File name | Fiber Optic Reading | Pressuremeter Reading
DF10.WK1 6.10 %

DF11.WK1 6.16 %

DF12.WK1 6.22 %

DF13.WK1 5.78 %

DF14.WK1 6.86 % 6.00 %
Df15. WK1 6.35 %

DF16. WK1 6.34 %

DF17.WK1 5.02 %

DF18.WK1 6.84 %

DF19.WK1 6.33 %

Fiber Optic Average : 6.20 %

Table 4.5 Mortar with 15 ml MBVR ; Date of test : 3-20-91

File name | Fiber Optic Reading | Pressuremeter Reading
DF10.WK1 2.22 %

DF11.WK1 2.49 %

DF12.WK1 242 %

DF13.WK1 2.45 %

DF14.WK1 2.43 % 2.2 %
Df15. WK1 2.32 %

DF16. WK1 2.32 %

DF17.WK1 2.27 %

DF18. WK1 2.23 %

DF19.WK1 2.04 %

Fiber Optic Average : 2.32 %

Table 4.6 Concrete with no MBVR ; Date of test : 10-5-91
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2.2) Concrete with 2 ml MBVR (AEA) ; Date of test : 10-16-90

File name | Fiber Optic Reading | Pressuremeter Reading
DF10.WK1 3.87 %

DF11.WK1 4.37 %

DF12.WK1 5.80 %

DF13.WK1 4.52 %

DF14.WK1 4.87 % 4.0 %
Df15.WK1 3.77 %

DF16.WK1 4.40 %

DF17. WK1 3.88 %

DF18.WK1 5.00 %

DF19.WK1 3.87 %

Fiber Optic Average : 4.43 %

File name | Fiber Optic Reading | Pressuremeter Reading
DF10.WK1 4.96 %

DF11.WK1 517 %

DF12.WK1 6.15 %

DF13.WK1 5.92 %

DF14.WK1 5.23 % 5.50 %
Df15.WK1 6.61 %

DF16.WK1 5.62 %

DF17.WK1 7.68 %

DF18.WK1 7.26 %

DF19.WK1 5.95 %

Fiber Optic Average : 6.05 %

Table 4.8 Concrete with 5.5 ml MBVR ; Date of test : 10-19-91
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File name | Fiber Optic Reading | Pressuremeter Reading
DF10.WK1 4.96 %

DF11.WK1 5.96 %

DF12.WK1 5.72 %

DF13.WK1 5.89 %

DF14. WK1 4.67 % 6.30 %
Df15.WK1 4.86 %

DF16. WK1 5.10 %

DF17. WK1 6.23 %

DF18.WK1 6.19 %

DF19.WK1 5.7 %

Fiber Optic Average : 5.53 %

Table 4.9 Concrete with 10 ml MBVR ; Date of test : 10-22-91

AEA 0 ml 2 ml 5.5 ml 10 ml 15 ml
Fresh Concrete
a) Fiber Optic 232% | 443 % 6.05 % 5.53 % *
b) Pressure Meter | 22% | 4.0% | 550 % | 6.30 % *
Hardened Concrete | 2.06 % | 4.4 % 4.28 % 4.96 % *

Fresh Mortar
a) Fiber Optic 3.0% 3.73% 4.96 % 5.44 % 6.20 %

b) Pressure Meter | 4.1 % 4.1 % 4.6 % 5.5 % 6.00 %

Hardened Mortar 2.2 % 3.46 % 4.69 % 5.48 % 5.07 %

Table 4.10 Comparison of Results of Mortar and Concrete in the fresh and

hardened State

(* Tests with 15 ml AEA were not conducted for concrete due to lack of time)
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S. # MBVR Air Specific | Mean Chord | Spacing
Content | Surface Length Factor
ml mm?/mm?® mm mm
Concrete
1 0 2.06 * * *
2 2 4.4 % * * *
3 5.5 4.28 % 762 0.138 0.0046
4 10 4.96 % 863 0.122 0.0037
Mortar
1 0 222 % 404 0.260 0.0197
2 3.46 % 783 0.134 0.0081
3 5.5 4.69 % 563 0.187 0.0093
4 10 5.48 % 565 0.186 0.0096
5 15 5.07 % 446 0.236 0.0127

Table 4.11 Results of other parameters of concrete and mortar

(* At the time these tests were conducted the system was not developed enough so

as to be able to calculate these parameters.)
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Figure 4.1: Graph showing results of mortar in the hardened state and in the fresh
state (Fiber Optic and Pressure Meter results)

51



Air Content (%)

o
-t ]
n
-
H
o
()]
~
[e0]
o
-
o

AEA (ml)

—=— Hard Concrete —+— Fiber Optic —*— Pressure Meter

Figure 4.2: Graph showing results of concrete in the fresh and hardened state
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Figure 4.3: Graph showing air contents of concrete and mortar with different
amounts of AEA
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Figure 4.4: Graph showing the Bubble Size Distribution for mortar with no AEA
(traverse length = 103 inches)
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Figure 4.5: Graph showing the Bubble Size Distribution for Slice # 1 of the mortar
specimen with no AEA (traverse length = 20.57 inches)
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Figure 4.6: Graph showing the Bubble Size Distribution for Slice # 2 of the mortar
specimen with no AEA (traverse length = 20.57 inches)
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Figure 4.7: Graph showing the Bubble Size Distribution for Slice # 3 of the mortar
specimen with no AEA (traverse length = 20.57 inches)
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Figure 4.8: Graph showing the Bubble Size Distribution for Slice # 4 of the mortar
specimen with no AEA (traverse length = 20.57 inches)
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Figure 4.9: Graph showing the Bubble Size Distribution for Slice # 5 of the mortar
specimen with no AEA (traverse length = 20.57 inches)
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Figure 4.10: Graph showing the Bubble Size Distribution for mortar with 2 ml AEA
(traverse length = 103 inches)
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Figure 4.11: Graph showing the Bubble Size Distribution for Slice # 1 of the mortar
specimen with 2 ml AEA (traverse length = 20.57 inches)
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Figure 4.12: Graph showing the Bubble Size Distribution for Slice # 2 of the mortar
specimen with 2 ml AEA (traverse length = 20.57 inches)
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Figure 4.13: Graph showing the Bubble Size Distribution for Slice # 3 of the mortar
specimen with 2 ml AEA (traverse length = 20.57 inches)
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Figure 4.14: Graph showing the Bubble Size Distribution for Slice # 4 of the mortar
specimen with 2 ml AEA (traverse length = 20.57 inches)
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Figure 4.15: Graph showing the Bubble Size Distribution for Slice # 5 of the mortar
specimen with 2 ml AEA (traverse length = 20.57 inches)
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Figure 4.16: Graph showing Bubble Size Distribution for mortar with 5.5 ml AEA
(traverse length = 103 inches)
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Figure 4.17: Graph showing Bubble Size Distribution for Slice # 1 of mortar with
5.5 ml AEA (traverse length = 20.57 inches)
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Figure 4.18: Graph showing Bubble Size Distribution for Slice # 2 of mortar with
5.5 ml AEA (traverse length = 20.57 inches)
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Figure 4.19: Graph showing Bubble Size Distribution for Slice # 3 of mortar with
5.5 ml AEA (traverse length = 20.57 inches)
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Figure 4.20: Graph showing Bubble Size Distribution for Slice # 4 of mortar with
5.5 ml AEA (traverse length = 20.57 inches)
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Figure 4.21: Graph showing Bubble Size Distribution for Slice # 5 of mortar with
5.5 ml AEA (traverse length = 20.57 inches)
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Figure 4.23: Graph showing Bubble Size Distribution for Slice # 1 of mortar with
10 ml AEA (traverse length = 20.57 inches)
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Figure 4.24: Graph showing Bubble Size Distribution for Slice # 2 of mortar with
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Figure 4.25: Graph showing Bubble Size Distribution for Slice # 3 of mortar with
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Figure 4.26: Graph showing Bubble 3ize Distribution for Slice # 4 of mortar with
10 ml AEA (traverse length = 20.57 inches)
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Figure 4.27: Graph showing Bubble Size Distribution for Slice # 5 of mortar with
10 ml AEA (traverse length = 20.57 inches)
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Figure 4.28: Graph showing Bubble Size Distribution for mortar with 15 ml AEA
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Figure 4.29: Graph showing Bubble Size Distribution for Slice # 1 of mortar with
15 ml AEA (traverse length = 20.57 inches)
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Figure 4.30: Graph showing Bubble Size Distribution for Slice # 2 of mortar with
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15 ml AEA (traverse length = 20.57 inches)



257

Total no: of bubbles = 78

o204 \

15__, B N\ B 2t U & eeemmeeemeimeceees sesemessmesssecseess seeesses seeeesss s ee ees e eme eemenes R

104 -

Bubble Count

75 225 375 525 675 825 975 1125
Bubble Size (microns)

Figure 4.31: Graph showing Bubble Size Distribution for Slice # 3 of mortar with
15 ml AEA (traverse length = 20.57 inches)
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Figure 4.32: Graph showing Bubble Size Distribution for Slice # 4 of mortar with
15 ml AEA (traverse length = 20.57 inches)
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Figure 4.33: Graph showing Bubble Size Distribution for Slice # 5 of mortar with
15 ml AEA (traverse length = 20.57 inches)
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Figure 4.34: Graph showing Bubble Size Distribution for concrete with no AEA
(traverse length = 100.5 inches)
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Figure 4.35: Graph showing Bubble Size Distribution for Slice # 1 of concrete with
no AEA (traverse length = 13.96 inches)
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Figure 4.36: Graph showing Bubble Size Distribution for Slice # 2 of concrete with
no AEA (traverse length = 13.96 inches)
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Figure 4.37: Graph showing Bubble Size Distribution for Slice # 3 of concrete with
no AEA (traverse length = 13.96 inches)

87



100+

Total no: of bubbles = 185

Bubble Count

Bubble Size {microns)

Figure 4.38: Graph showing Bubble Size Distribution for Slice # 4 of concrete with
no AEA (traverse length = 13.96 inches)
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Figure 4.39: Graph showing Bubble Size Distribution for Slice # 5 of concrete with
no AEA (traverse length = 13.96 inches)
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Figure 4.40: Graph showing Bubble Size Distribution for Slice # 6 of concrete with
no AEA (traverse length = 13.96 inches)
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Figure 4.41: Graph showing Bubble Size Distribution for Slice # 7 of concrete with
no AEA (traverse length = 13.96 inches)
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Figure 4.42: Graph showing Bubble Size Distribution for Slice # 8 of concrete with

no AEA (traverse length = 13.96 inches)
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Figure 4.43: Graph showing Bubble Size Distribution for concrete with 2 m] AEA
(traverse length = 100.5 inches)
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Figure 4.44: Graph showing Bubble Size Distribution for Slice # 1 of concrete with
2 ml AEA (traverse length = 13.96 inches)
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Figure 4.45: Graph showing Bubble Size Distribution for Slice # 2 of concrete with
2 ml AEA (traverse length = 13.96 inches)
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Figure 4.46: Graph showing Bubble Size Distribution for Slice # 3 of concrete with
2 ml AEA (traverse length = 13.96 inches)
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Figure 4.47: Graph showing Bubble Size Distribution for Slice # 4 of concrete with
2 ml AEA (traverse length = 13.96 inches)
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Total no: of bubbles = 132
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Figure 4.48: Graph showing Bubble Size Distribution for Slice # 5 of concrete with
2 ml AEA (traverse length = 13.96 inches)
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Figure 4.49: Graph showing Bubble Size Distribution for Slice # 6 of concrete with
2 ml AEA (traverse length = 13.96 inches)
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Figure 4.50: Graph showing Bubble Size Distribution for Slice # 7 of concrete with
2 ml AEA (traverse length = 13.96 inches)
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Figure 4.51: Graph showing Bubble Size Distribution for Slice # 8 of concrete with
2 ml AEA (traverse length = 13.96 inches)

101



450+
Air Content = 4.28 %

400+
Total no: of bubbles = 815

3504~ - ...................

300+

250+

200+

Bubble Count

150+

100-

50

975 1275 1575 1875
Bubble Size (microns)

Figure 4.52: Graph showing Bubble Size Distribution for concrete with 5.5 AEA
(traverse length = 103 inches)
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Figure 4.53: Graph showing Bubble Size Distribution for Slice # 1 of concrete with
5.5 AEA (traverse length = 20.57 inches)
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Figure 4.54: Graph showing Bubble Size Distribution for Slice # 2 of concrete with
5.5 AEA (traverse length = 20.57 inches)

104



100+
90:/ ''''''''' I. Total no:"of bubbles = 162
80 §
701 l
€ sor N
§ LN
A\
. % .. e e e e
pi ||\ —
0- ‘\\\\\\\ AN ,» ‘§,‘§\\\\‘1\\“{\\'§ S A e

75 150 225 300 375 450 525 600 675
Bubble Size (microns)

Figure 4.55: Graph showing Bubble Size Distribution for Slice # 3 of concrete with
5.5 AEA (traverse length = 20.57 inches)
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Total no: of bubbles = 135
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Figure 4.56: Graph showing Bubble Size Distribution for Slice # 4 of concrete with
5.5 ml AEA (traverse length = 20.57 inches)
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Total no:; of bubbles = 171
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Figure 4.57: Graph showing Bubble Size Distribution for Slice # 5 of concrete with
5.5 AEA (traverse length = 20.57 inches)
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Figure 4.58: Graph showing Bubble Size Distribution for concrete with 10 AEA
(traverse length = 103 inches)
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Figure 4.59: Graph showing Bubble Size Distribution for Slice # 1 of concrete with
10 AEA (traverse length = 20.57 inches)
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Figure 4.60: Graph showing Bubble Size Distribution for Slice # 2 of concrete with
10 AEA (traverse length = 20.57 inches)

110



100+

3
E////////%i

§ Total no: .Of bubbles = 187
80+ § :
\
704 §
£ gob Nl
: \
> 50H™ § .
0
§ 4044 ......... § .........
S N\ P I,
SIENS (/] ———
NAN
10717 N \ .- -
o NINININN _
75 225 375 525 675 825 875

Air Bubble Size (microns)

Figure 4.61: Graph showing Bubble Size Distribution for Slice # 3 of concrete with
10 AEA (traverse length = 20.57 inches)

111



675 825

Bubble Size (microns)

Total no: of bubbles = 193

‘\‘{{‘?’
525

.\\t\w\
.\\\\\\\ s
.\\\\\\\\
.\\\\\\\ 7
_\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

i ¢

AY

[.A._ AN

|-
304" "

N
Q o o O o o o
© © o < N -
Junod s|qqng

Figure 4.62: Graph showing Bubble Size Distribution for Slice # 4 of concrete with

10 AEA (traverse length = 20.57 inches)
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Figure 4.63: Graph showing Bubble Size Distribution for Slice # 5 of concrete with

10 AEA (traverse length = 20.57 inches)
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Chapter 5

Concluding Remarks

5.1 Conclusions

Based on the results obtained in this investigation, the following con-

clusions can be drawn :

(1) The automated system which was developed and tested in this thesis, is reli-

able and worth further usage.
(2) Larger amounts of AEA produce larger amounts of entrained air.

(3) Increasing amounts of AEA result in larger number of bubbles, reduced Spac-

ing Factor, and larger Specific Area.

(4) The air content in mortar is higher than the air content in concrete for the

same amount of AEA.

(5) The Specific Surface Area of voids in Mortar is less than that of voids in

concrete thus indicating the presence of larger voids in mortar.
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5.2 Future Research

The automated system developed is new and requires further research.

Possible future research could involve :

(1) This system could be further developed so that the result could be obtained
with fewer runs of the batch program. This would reduce further the time

required to calculate the air content and required parameters.

(2) A better Image Processing software could be tried which could also detect
the shape of the void thus differentiating between giving the percentage of

entrapped and entrained air.
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Appendix A

Calculation of Percentage Error in the calculation of Paste

Content:

Paste Content calculated by microscopic analysis = 0.2609 = 26.09 %

Paste Content calculated by mix design :

cC+WwW 1+0.5
= = = 0.248 = 24.8 1
i C+S5+A+W 1+421+34+05 % Q
Percentage Error =
26.9 - 24.8
———2_21:8-—_ x 100 =5.1 % (2)
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Appendix B

Results of Experiments
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Final Results of Specimen cast on October 5

Total Length of Traverse : 2553.6 mm (100.5 inches)
Number of Air Bubbles intercepted : 975

Sum of Bubble Lengths : 52.571 mm

Air Void Content : 2.06 %

Specimen cast on October 5 - Concrete [1]
dkhkr Rk kkhhdhhbhhrrrkik ik drh ek khkkdhkhkhrhhkxdtx

Results of Slice # 1 from top

- — ———— — — G " Y —— - S W Vi - . o

TOTAL LENGTH TRAVERSED : 354.67 mm = 13.96 inches

NUMBER OF AIR BUBBLES : 59
TOTAL LENGTH OF AIR BUBBLES : .46233010E+01mm
AIR VOID CONTENT : 1.3035 %

Specimen cast on October 5 - Concrete [1]
kkkkkhkkkhkkkkkkkhkkkkhhkkhkhkkkkhkhkkkkkkdkkdkikkk

Results of Slice # 2 from top

TOTAL LENGTH TRAVERSED : 354.67 mm = 13.96 inches

NUMBER OF AIR BUBBLES : 198

TOTAL LENGTH OF AIR BUBBLES : -11204550E+02mm
TOTAL LENGTH OF CHORD : .14296630E+03mm

AIR VOID CONTENT : 3.1591 %

Specimen cast on October 5 - Concrete [1]
Kkkhkhkhhkhhhhhkkhhkrhhkkkkhkhhkkhkkhhkdk®

Results of Slice # 3 from top

- a na - ——— —_- W S ——— T — o —— —————— - T —— t—

TOTAL LENGTH TRAVERSED : 354.67 mm = 13.96 inches

NUMBER OF AIR BUBBLES : 134
TOTAL LENGTH OF AIR BUBBLES : .62058120E+01mm
TOTAL LENGTH OF CHORD : .14796110E+03mm

AIR VOID CONTENT : 1.7497 %



Specimen cast on October 5 - Concrete [1]
dhkhkkkdkhhkhhdhkhkhhhkhkhkhhhhhdkkhhhbikdhhbhhkkx

Results of Slice # 4 from top

TOTAL LENGTH TRAVERSED : 354.67 mm = 13.96 inches

NUMBER OF AIR BUBBLES : 195

TOTAL LENGTH OF AIR BUBBLES : .11466580E+02mm
TOTAL LENGTH OF CHORD : .14270430E+03mm

AIR VOID CONTENT : 3.2330 %

Specimen cast on October 5 - Concrete [1]
khkkkkkhkhkhkhkhkkkkhhkkkkhhkhhhhkkdkkhkhkhdhhrkkdk

Results of Slice # 5 from top

TOTAL LENGTH TRAVERSED : 354.67 mm = 13.96 inches

NUMBER OF AIR BUBBLES : 132
TOTAL LENGTH OF AIR BUBBLES : .44161760E+01mm
TOTAL LENGTH OF CHORD : .14975070E+03mm

ATIR VOID CONTENT : 1.2452 %

Specimen cast on October 5 - Concrete [1]
khkkkkhhkhkkkhhkkhhkhkkkkkkkkhhkkkkhkkkhkhkhkkkkk*k

Results of Slice 4 6 from top

TOTAL LENGTH TRAVERSED : 354.67 mm = 13.96 inches

NUMBER OF AIR BUBBLES : 62

TOTAL LENGTH OF AIR BUBBLES : .21638000E+01mm
TOTAL LENGTH OF CHORD : .15200310E+03mm

ATR VOID CONTENT : .6101 %

Specimen cast on October 5 - Concrete [1]
khkkhkkkhkkikkhkhkhhkhkdkkhhkhodkkhkdhdhkdkhhkdxkx

Results of Slice # 7 from top

—————— — ——— —— — . — ——— O - ——— —————— —— —

TOTAL LENGTH TRAVERSED : 354.67 mm = 13.96 inches

NUMBER OF AIR BUBBLES : 76

TOTAL LENGTH OF AIR BUBBLES : .53878150E+01mm
TOTAL LENGTH OF CHORD : .148779210E+03mm

ATIR VOID CONTENT : 1.5191 %

Specimen cast on October 5 - Concrete [1]
kkkkhkkkhhkhkkhkhkhkhhkhkhkkhkdkhhkdkhkhkhkhkhkkkhkkikkkk



Results of Slice # 8 from top

TOTAL LENGTH TRAVERSED : 354.67 mm = 13.96 inches

NUMBER OF AIR BUBBLES : 119
TOTAL LENGTH OF AIR BUBBLES : .71028530E+01mm
TOTAL LENGTH OF CHORD : .14706400E+03mm

ATR VOID CONTENT : 2.0027 %



Specimen cast on October 16 - Concrete [2]

Total Length of Traverse : 2553.6 mm ( 100.5 inches )
Number of Air Bubbles intercepted : 1832

Sum Of Bubble Lengths : 109.68 mm

Air Void Content : 4.29 %

Specimen cast on October 16 - Concrete [2]
khkkkhkkdkhhkdhkkhkkkhhokkhkhkrhkdhhhkhhrxkdhhhhkhddhikkhdxk

Result of Slice # 1 from top

TOTAL LENGTH TRAVERSED : 319.203 mm = 12.57 inches

NUMBER OF AIR BUBBLES : 84

TOTAL LENGTH OF AIR BUBBLES : .156213740E+02mn
TOTAL LENGTH OF CHORD : .339048630E+03mm

AIR VOID CONTENT : 4.4041 %

Specimen Cast on October 16 - Concrete [2]
khkkhkkhkkhhkkhkhkkhkkhkhhhkdhhkkhhkhkhkkkkkkkkk

Result of Slice # 2 from top

TOTAL LENGTH TRAVERSED : 319.20 mm = 12.57 inches

NUMBER OF AIR BUBBLES : 113

TOTAL LENGTH OF AIR BUBBLES : .46778660E+01mm
TOTAL LENGTH OF CHORD : .14948900E+03mm

ATIR VOID CONTENT : 1.4655 %

Specimen cast on October 16 - Concrete [2]
hhkkkkhkhkkhhkhhkhhkhkhkhkkhhkkhkkhkkkkdhkhkkkkkkkxk

Result of Slice # 3 from top

TOTAL LENGTH TRAVERSED : 319.20 mm = 12.57 inches

NUMBER OF AIR BUBBLES : 310
TOTAL LENGTH OF AIR BUBBLES : .14611540E+02mm
TOTAL LENGTH OF CHORD : .13956330E+03mm

ATR VOID CONTENT : 4.5775 %



Specimen cast on October 16 - Concrete [2]
khkhkhkhkkkkkkhkkhhkkhkkhkkhkhkkhkhkhkkkkkhkhkhkhkhkkkkkk*k

Results of Slice # 4 from top

TOTAL LENGTH TRAVERSED : 319.20 mm = 12.57 inches
NUMBER OF AIR BUBBLES : 534

TOTAL LENGTH OF AIR BUBBLES : .17254780E+02mm
TOTAL LENGTH OF CHORD : .13693000E+03mm

AIR VOID CONTENT : 5.4056 %

Specimen cast on October 16 - Concrete [2]
hhkkkhkhkhkhkhhhhkdhrhkhkrhrhhrhhhhrhhrhkdk

Results of Slice # 5 from top

TOTAL LENGTH TRAVERSED : 319.20 mm = 12.57 inches

NUMBER OF AIR BUBBLES : 132
TOTAL LENGTH OF AIR BUBBLES : .13265150E+02mm
TOTAL LENGTH OF CHORD : .30531790E+03mm

ATR VOID CONTENT : 4.1557 %

Specimen cast on October 16 - Concrete [1]
*hkkhkkhkkkhkhkhkhhkkkdhkhhkhhkkhkkkkhhhkkkkkkhkkk*k

Results of Slice # 6 from top

TOTAL LENGTH TRAVERSED : 319.203 mm = 12.57 inches

NUMBER OF AIR BUBBLES : 172
TOTAL LENGTH OF AIR BUBBLES : .213002150E+02mm
TOTAL LENGTH OF CHORD : «.333371100E+03mm

ATR VOID CONTENT : 6.0056 %

Specimen cast on October 16 ~ Concrete [2]
khkkkhkkhkkkhkkhkhhkhdhkhkdhhhkkhhdkhkkhhhkhkkrkkk

Results of Slice ¢ 7 from top

TOTAL LENGTH TRAVERSED : 319.20 mm = 12.57 inches

NUMBER OF AIR BUBBLES : 304

TOTAL LENGTH OF AIR BUBBLES : .10827830E+02mm
TOTAL LENGTH OF CHORD : .14334300E+03mm

ATR VOID CONTENT : 3.3922 %

Specimen cast on October 16 - Concrete [2]
hhkhhdhhkhhkhdhhhkhbhhkhkhhkrhddhhhkhkdkdrhhhhhkikihk



Results of Slice # 8 from top

TOTAL LENGTH TRAVERSED : 319.20 mm 12.57 inches

NUMBER OF AIR BUBBLES : 183
TOTAL LENGTH OF AIR BUBBLES : .12120620E+02mm
TOTAL LENGTH OF CHORD : .23338310E+03mm

AIR VOID CONTENT : 3.7972 %



Specimen cast on October 19 - Concrete [3]
X E TR ST X TR TR RIS ISR EE TSRS S AL LR S0 L

TOTAL LENGTH TRAVERSED : 2634.68 mm = 103.73 inches

NUMBER OF AIR BUBBLES : 815

TOTAL LENGTH OF AIR BUBBLES : .11264410E+03mm
TOTAIL LENGTH OF CHORD : .25169780E+04mm

ATR VOID CONTENT : 4.2754%

SPECIFIC SURFACE : 762.4963 sg mm/cu mm
MEAN CHORD LENGTH : 0.13821360mm
Number of bubbles per cm : 3.0993/cm

Number of bubbles per inch : 7.8722/inch
Spacing Factor (with traverse) : . 0055mm
Spacing Factor (by mix ratio) : .0046mm

Specimen cast on October 19 - Concrete [3]
kkkkkhkkhkkhkhkhkhhkhkhkkxkhkhkdhkhkkkhhkhkhkkhkhdkxk

Results of Slice # 1 from top

TOTAL LENGTH TRAVERSED : 526.94 mm = 20.75 inches

NUMBER OF AIR BUBBLES : 194

TOTAL LENGTH OF AIR BUBBLES : .19907710E+02mm
TOTAL LENGTH OF CHORD : .50600080E+03mm

AIR VOID CONTENT : 3.7780 %

MEAN CHORD LENGTH : 0.1026 mm

Number of bubbles per cm : 3.6889/cm

Number of bubbles per inch : 9.3697/inch

Specimen cast on October 19 - Concrete [3]
hkhkkkkhhkhhkkhkkkhhkhhkhkhkhkhkhkhkdhkhkhkkhkdkhhkhkiikkkhkx

Results of Slice # 2 from top

TOTAL LENGTH TRAVERSED : 526.94 mm = 20.75 inches

NUMBER OF AIR BUBBLES : 153

TOTAL LENGTH OF AIR BUBBLES : .28983860E+02mm
TOTAL LENGTH OF CHORD : .49697450E+03mm

ATR VOID CONTENT : 5.5004 %

MEAN CHORD LENGTH : 0.18943700mm
Number of bubbles per cm : 2.9090/cm

Number of bubbles per inch : 7.3888/inch



Specimen cast on October 19 - Concrete [3]
kkkkhkkhkhkhhkkkkkhhkhkkkkikhhhhkhhkkhkkrkhhhhkkhkkkixkkkkk

Results of Slice # 3 from top

TOTAL LENGTH TRAVERSED : 526.94 mm = 20.75 inches

NUMBER OF AIR BUBBLES : 162

TOTAL LENGTH OF AIR BUBBLES : .15908210E+02mm
TOTAL LENGTH OF CHORD : .51001020E+03mm

ATR VOID CONTENT : 3.0190 %

MEAN CHORD LENGTH : 0.09819 mm

Number of bubbles per cm : 3.0803/cm

Number of bubbles per inch : 7.8240/inch

Specimen cast on October 19 - Concrete [3]
kkkkkkkhhkkkhkhkhkhkkhkkhhkhkkidhkhhhdhhhkkhkkhhhhkikkikkk

Results of Slice # 4 from top

TOTAL LENGTH TRAVERSED : 526.94 mm = 20.75 inches

NUMBER OF AIR BUBBLES : 135

TOTAL LENGTH OF AIR BUBBLES : .22441050E+02mm
TOTAL LENGTH OF CHORD : .50348740E+03mm

ATR VOID CONTENT : 4.2588%

MEAN CHORD LENGTH : 0.1662 mm

Number of bubbles per cm : 2.5669/cm

Number of bubbles per inch : 6.5199/inch

Specimen cast on October 19 - Concrete [3]
khkhkkkkhhkhkhhhkkhkkkhkhkhkhkhkhkkhkhhhkkhhkkkkhkhkkkkhkkkkx

Results of Slice # 5 from top

TOTAL LENGTH TRAVERSED : 526.94 mm = 20.75 inches

NUMBER OF AIR BUBBLES : 171

TOTAL LENGTH OF AIR BUBBLES : .25403270E+02mm
TOTAL LENGTH OF CHORD : .50050520E+03mm

ATR VOID CONTENT : 4.8209 %

MEAN CHORD LENGTH : 0.1485 mm

Number of bubbles per cm : 3.2515/cm

Number of bubbles per inch : 8.2589/inch



Specimen cast on October 22 - Concrete [4]
hhkkkkkkhkhkhkkkkkhkkkkkkkhkhkkkkkkkkkkhhikhkkkk

TOTAL LENGTH TRAVERSED : 2634.68 mm = 103.73 inches

NUMBER OF AIR BUBBLES : 1068

TOTAL LENGTH OF AIR BUBBLES : .13030770E+03mm
TOTAL LENGTH OF CHORD : .24992150E+04mm

ATR VOID CONTENT : 4.9459 %

SPECIFIC SURFACE : 863.7533 sg mm/cu mm

MEAN CHORD LENGTH : 0.1220 mm

Number of bubbles per cm : 4.0616/cm

Number of bubbles per inch : 10.3164/inch
Spacing Factor : .0037mm

Specimen cast on October 22 - Concrete [4]
khkkhkdkhkkhkkkhkkkhkkhkhhkkkhkhkhhkhhhkkhkkhkkhkhkkhhkhkhkk

Results of Slice # 1 from top

TOTAL LENGTH TRAVERSED : 526.94 mm = 20.75 inches

NUMBER OF AIR BUBBLES : 267

TOTAL LENGTH OF AIR BUBBLES : .29382820E+02mm
TOTAL, LENGTH OF CHORD : .49651570E+03mm

AIR VOID CONTENT : 5.5762 %

MEAN CHORD LENGTH : 0.11004800mm
Number of bubbles per cm : 5.0770/cm

Number of bubbles per inch : 12.8956/inch

Specimen cast on October 22 - Concrete [22]
khkkkkkhkhhkhkkkhkkkhkhkkkkkkhkhhhhkhkkkkhkkhkkkkkxkkhkkx

Results of Slice # 2 from top

TOTAL LENGTH TRAVERSED : 526.94 mm = 20.75 inches

NUMBER OF AIR BUBBLES : 222

TOTAL LENGTH OF AIR BUBBLES : .26550250E+02mm
TOTAL LENGTH OF CHORD : .49934820E+03mm

AIR VOID CONTENT : 5.0386 %

MEAN CHORD LENGTH : 0.11959570mm
Number of bubbles per cm : 4.2213/cm

Number of bubbles per inch : 10.7222/inch



Specimen cast on October 22 - Concrete [4]
hkhkkkkhhkhkhkhhkhkkkhhhkhkhkhkhdhhdhhkkhkdhkkkhhkhkdk

Results of Slice # 3 from top

TOTAL LENGTH TRAVERSED : 526.94 mm = 20.75 inches

NUMBER OF ATR BUBBLES : 187

TOTAL LENGTH OF AIR BUBBLES : .21932390E+02mm
TOTAL LENGTH OF CHORD : .50398610E+03mm

ATR VOID CONTENT : 4.1622%

MEAN CHORD LENGTH : 0.11728550mm
Number of bubbles per cm : 3.5557/cm

Number of bubbles per inch : 9.0314/inch

Specimen cast on October 22 - Concrete [4]
EE XX E T FETE TR FEE I T E IR IS ST L LR L LS L S

Results of Slice # 4 from top

TOTAL LENGTH TRAVERSED : 526.94 mm = 20.75 inches

NUMBER OF AIR BUBBLES : 193

TOTAL LENGTH OF AIR BUBBLES : .25901960E+02mm
TOTAL LENGTH OF CHORD : .50000650E+03mm

AIR VOID CONTENT : 4.9156 %

MEAN CHORD LENGTH : 0.13420700mm
Number of bubbles per cm : 3.6698/cm

Number of bubbles per inch : 9.3214/inch

Specimen cast on October 22 - Concrete [4]
kkhkkkkhkkkhhkhhkhkkhkhkhkhhkhhhkkhkkhhkhkkkkkkhdhksk

Results of Slice # 5 from top

TOTAL LENGTH TRAVERSED : 526.94 mm = 20.75 inches

NUMBER OF AIR BUBBLES : 199

TOTAL LENGTH OF AIR BUBBLES : .26540280E+02mm
TOTAL LENGTH OF CHORD : .49935820E+03mm

ATR VOID CONTENT : 5.0367 %

MEAN CHORD LENGTH : 0.13336830mm
Number of bubbles per cm : 3.7840/cm

Number of bubbles per inch : 9.6114/inch



Specimen Cast on March 12 - Mortar [1]
Khkkhkkkkhhhkkhkkhhrhkkhrhkhkhhkrkhhkhhrhk

TOTAL LENGTH TRAVERSED : 2634.68 mm:103.73 in

NUMBER OF AIR BUBBLES : 224

TOTAL LENGTH OF AIR BUBBLES : .58386630E+02mm
TOTAL LENGTH OF CHORD : .25711360E+04mm

AIR VOID CONTENT : 2.2161%

SPECIFIC SURFACE : 404.31810000sq mm/cu mm
MEAN CHORD LENGTH : 0.26065460mm
Number of bubbles per cm : 0.8519/cm

Number of bubbles per inch : 2.1637/inch
Spacing Factor(without sand) : .0197 mm

Specimen cast on March 12 - Mortar [1]
khkhkkhhkhkhkkhkkhhkhhkkhkhkkhhkkhokhhkhkkkkkkhkkkkk

Results of Slice # 1 from top
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TOTAL LENGTH TRAVERSED : 526.94 mm = 20.75 in

NUMBER OF AIR BUBBLES : 49

TOTAL LENGTH OF AIR BUBBLES : .14531830E+02mm
TOTAL LENGTH OF CHORD : .51138660E+03mm

AIR VOID CONTENT : 2.7578%

MEAN CHORD LENGTH : 0.296567920 mm
Number of bubbles per cm : 0.9317/cm

Number of bubbles per inch : 2.3665/inch

Specimen cast on March 12 - Mortar [1]
hhkhkkhhkhhkkkdhhkkhkhhhihdhkhhkkhhkdkkhxkkhkkxkx

Results of Slice # 2 from top

TOTAL LENGTH TRAVERSED : 526.94 mm = 20.75 in

NUMBER OF AIR BUBBLES : 39

TOTAL LENGTH OF AIR BUBBLES : .79690660E+01mm
TOTAL LENGTH OF CHORD : .51792940E+03mm

AIR VOID CONTENT : 1.5123%

MEAN CHORD LENGTH : 0.20433500 mm
Number of bubbles per cm : 0.7416/cm

Number of bubbles per inch : 1.8836/inch



Specimen cast on March 12 - Mortar [1]
kkhkkkkkhkkkhkkhhkhhkhkkkkikhkkkhhkhhkkkkkhkkkkkix

Results of Slice # 3 from top

TOTAL LENGTH TRAVERSED : 526.94 mm = 20.75 in

NUMBER OF AIR BUBBLES : 45

TOTAL LENGTH OF AIR BUBBLES : .96745850E+01mm
TOTAL LENGTH OF CHORD : .51622390E+03mm

ATR VOID CONTENT : 1.8360%

MEAN CHORD LENGTH : 0.21499080 mm
Number of bubbles per cm : 0.8557/cm

Number of bubbles per inch : 2.1734/inch

Specimen cast on March 12 - Mortar [1]
khkkkhhkhkkhkkkkhhkkhkkhkhkhhhhhhkkhkdxkkhkk

Results of Slice # 4 from top

TOTAL LENGTH TRAVERSED : 526.94 mm = 20.75 in

NUMBER OF AIR BUBBLES : 45

TOTAL LENGTH OF AIR BUBBLES : .13484580E+02mm
TOTAL LENGTH OF CHORD : .51241390E+03mm

ATR VOID CONTENT : 2.5591%

MEAN CHORD LENGTH : 0.29965730mm
Number of bubbles per cm : 0.8557/cm

Number of bubbles per inch : 2.1734/inch

Specimen cast on March 12 - Mortar [1]
khkkhhhkhkkkhkhkkhkhkhkkhhhkhkkkkkhkkkhkkkhkkkkhkk*k

Results of Slice # 5 from top

TOTAL LENGTH TRAVERSED : 526.94 mm = 20.75 in

NUMBER OF AIR BUBBLES : 46

TOTAL LENGTH OF AIR BUBBLES : .12726570E+02mm
TOTAL LENGTH OF CHORD : .51318190E+03mm

AIR VOID CONTENT : 2.4152%

MEAN CHORD LENGTH : 0.27666460mnm
Number of bubbles per cm : 0.8747/cm

Number of bubbles per inch : 2.2217/inch



Specimen cast on March 14 - Mortar [2]
khkkhkhkkkhkhkhkhkkhkhkkhkkhkhkhkhkhhkhhkhohkkkkkhkhikkx

TOTAL LENGTH TRAVERSED : 2634.68 mm = 103.73 inches

NUMBER OF AIR BUBBLES : 677

TOTAL LENGTH OF AIR BUBBLES : .91080740E+02mm
TOTAL LENGTH OF CHORD : .25384720E+04mmnm

ATIR VOID CONTENT : 3.4570%

SPECIFIC SURFACE : 783.3406 s mm/cu mm
MEAN CHORD LENGTH : 0.13453580mm
Number of bubbles per cm : 2.5746/cm

Number of bubbles per inch : 6.5394/inch
Spacing Factor : .0081mm

Specimen cast on March 14 - Mortar [2]
khkkkhkkhkhkhkkkhkhkkhkdhhhkhkrhkkkkkkkhkkhkkkhkkik

Results of Slice # 1 from top

TOTAL LENGTH TRAVERSED : 526.94 mm = 20.75 inches
NUMBER OF AIR BUBBLES : 114

TOTAL LENGTH OF AIR BUBBLES : .20007440E+02mm
TOTAL LENGTH OF CHORD : .50589110E+03mm

AIR VOID CONTENT : 3.7969%

MEAN CHORD ILENGTH : .17550390mm
Number of bubbles per cm : 2.1677/cm
Number of bubbles per inch : 5.5060/inch

Specimen cast on March 14 - Mortar [2]
kkhkkhkkhkkhkhkkkhkhhkkhkkhkhkkhkkhhkkhkkkkhkhkkkkkkk

Results of Slice # 2 from top

- — ———————— — — — — — —— T — — - i — —— — . —— o—

TOTAL LENGTH TRAVERSED : 526.94 mm = 20.75 inches

NUMBER OF AIR BUBBLES : 77
TOTAL LENGTH OF AIR BUBBLES : .15269890E+02mm
TOTAL LENGTH OF CHORD : .51062860E+03mm

AIR VOID CONTENT : 2.8979%

MEAN CHORD LENGTH : .19831020mm
Number of bubbles per cm : 1.4642/cm
Number of bubbles per inch : 3.7190/inch



Specimen cast on March 14 - Mortar [2]
dhkkkkkhkhkkkkhhkhkihkkhkhdkrhhhhrhkhkkhkkixhhdhx

Results of Slice # 3 from top

TOTAL LENGTH TRAVERSED : 526.94 mm = 20.75 inches

NUMBER OF AIR BUBBLES : 228

TOTAL LENGTH OF AIR BUBBLES : .19508750E+02mm
TOTAL LENGTH OF CHORD : .50640970E+03mm

ATR VOID CONTENT : 3.7023%

MEAN CHORD LENGTH : 0.08556470mm
Number of bubbles per cm : 4.3353/cm

Number of bubbles per inch : 11.0116/inch

Specimen cast on March 14 - Mortar [2]
dhkkkkkhkkdhkxhkhkhkhhkkikrkhhkhhhkhhhkhkkhddhkhkdk

Results of Slice # 4 from top
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TOTAL LENGTH TRAVERSED : 526.94 mm = 20.75 in

NUMBER OF AIR BUBBLES : 133

TOTAL LENGTH OF AIR BUBBLES : .18810590E+02mm
TOTAL LENGTH OF CHORD : .50710780E+03mm

AIR VOID CONTENT : 3.5698%

MEAN CHORD LENGTH : 0.14143300mm
Number of bubbles per cm : 2.5289/cm

Number of bubbles per inch : 6.4234/inch

Specimen cast on March 14 - Mortar [2]
kkkkhkhhhhhhkhkhkhhkhkhkhhhhhhdhkkkkhkkkkhk

Results of Slice 5 from top

TOTAL LENGTH TRAVERSED : 526.94 mm = 20.75 inches

NUMBER OF ATR BUBBLES : 125

TOTAL LENGTH OF ATIR BUBBLES : .17484070E+02mm
TOTAL LENGTH OF CHORD : .50843440E+03mm

ATR VOID CONTENT : 3.3181%

MEAN CHORD LENGTH : 0.13987260mm
Number of bubbles per cm : 2.3768/cm

Number of bubbles per inch : 6.0371/inch



Specimen cast on MARCH 15 - Mortar [3]
khkhkhhhhhrhhhhkhkhkhkhhhhhhhhhhhhhhkhdd

TOTAL LENGTH TRAVERSED : 2634.68 mm = 103.73 inches

NUMBER OF AIR BUBBLES : 661

TOTAL LENGTH OF AIR BUBBLES : .12370510E+03mm
TOTAL LENGTH OF CHORD : .25058370E+04mm

ATR VOID CONTENT : 4.6953%

SPECIFIC SURFACE : 563.1221 sq mm/cu mm
MEAN CHORD LENGTH : 0.18714830mm
Number of bubbles per cm : 2.5137/cm

Number of bubbles per inch : 6.3849/inch
Spacing Factor : 0.0093mm

Specimen cast on MARCH 15 - Mortar [3]
khkhkhkkkhkhkhhkhhhkhhkhkhkhhhhhohhkhohkrdkkdkhkx

Results of Slice # 1 from top

TOTAL LENGTH TRAVERSED : 526.94 mm = 20.75 in

NUMBER OF AIR BUBBLES : 142

TOTAL LENGTH OF AIR BUBBLES : .25233720E+02mm
TOTAL LENGTH OF CHORD : .50068470E+03mm

ATIR VOID CONTENT : 4.7888%

MEAN CHORD LENGTH : 0.17770220mm
Number of bubbles per cm : 2.7000/cm

Number of bubbles per inch : 6.8581/inch

Specimen cast on MARCH 15 - Mortar [3]
khkkkkkhkkhhkkkkhhkhohkkkkhkkhkhhhhkkkhkkkkkkkk*k

Results of Slice # 2 from top

TOTAL LENGTH TRAVERSED : 526.94 mm = 20.75 in

NUMBER OF AIR BUBBLES : 185

TOTAL LENGTH OF AIR BUBBLES : .36214870E+02mm
TOTAL LENGTH OF CHORD : .48969360E+03mm

ATIR VOID CONTENT : 6.8727%

MEAN CHORD LENGTH : 0.19575600mm
Number of bubbles per cm : 3.5177/cm

Number of bubbles per inch : 8.9350/inch



Specimen cast on MARCH 15 - Mortar [3]
hkhkhkkhkhkkhkkkhhkkkhhkkhhkhkkkhkkkkkhkkkkkkkk%k

Results of Slice # 3 from top

TOTAL LENGTH TRAVERSED : 526.94 mm = 20.75 in

NUMBER OF AIR BUBBLES : 138

TOTAL LENGTH OF AIR BUBBLES : .23069400E+02mm
TOTAL LENGTH OF CHORD : .50283910E+03mm

ATIR VOID CONTENT : 4.3780%

MEAN CHORD LENGTH : 0.16716950mm
Number of bubbles per cm : 2.6240/cm

Number of bubbles per inch : 6.6650/inch

Specimen cast on MARCH 15 - Mortar [3]
kkkkhkkkhkkhhkkkhkhkhkhhkkhkkhhkhkkhkkkkkkkkkk

Results of Slice # 4 from top

TOTAL LENGTH TRAVERSED : 526.94 mm = 20.75 in

NUMBER OF ATR BUBBLES : 100

TOTAL LENGTH OF AIR BUBBLES : .15529210E+02mm
TOTAL LENGTH OF CHORD : .51036930E+03mm

AIR VOID CONTENT : 2.9471%

MEAN CHORD LENGTH : 0.15529210mm
Number of bubbles per cm : 1.9015/cm

Number of bubbles per inch : 4.8298/inch

Specimen cast on MARCH 15 - Mortar [3]
dhkhkkkkkkhkkkkhkhkhhkhkhkhhkkkhkhkhkhhkkkkkkkkk

Results of Slice # 5 from top

TOTAL LENGTH TRAVERSED : 526.94 mm = 20.75 in

NUMBER OF AIR BUBBLES : 96

TOTAL LENGTH OF AIR BUBBLES : .23657850E+02mm
TOTAL LENGTH OF CHORD : .50225060E+03mm

AIR VOID CONTENT : 4.4897%

MEAN CHORD LENGTH : 0.24643600mm
Number of bubbles per cm : 1.8254/cm

Number of bubbles per inch : 4.6365/inch



Specimen cast on MARCH 19 - [4]
kkkkhkkkhkkhkhkrhhkhkdhkkkhkkhhkkkkkhkk

TOTAL LENGTH TRAVERSED : 2634.68 mm = 103.73 inches

NUMBER OF AIR BUBBLES : 774
TOTAL LENGTH OF AIR BUBBLES : .14433090E+03mm
TOTAL LENGTH OF CHORD : .24852310E+04mn

AIR VOID CONTENT : 5.4781%
SPECIFIC SURFACE : 565.1586 sg mm/cu mm

MEAN CHORD LENGTH : 0.18647400mm
Number of bubbles per cm : 2.9435/cn
Number of bubbles per inch : 7.4764/inch
Spacing Factor : .0096mm

Specimen cast on MARCH 19 - Mortar (4]
khkkkhkkkkkkhkkkkhhkkkkhkkhhkhkkkkhkkkkhkkhkk*k

Results of Slice # 1 from top
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TOTAL LENGTH TRAVERSED : 526.94 mm = 20.75 inches

NUMBER OF AIR BUBBLES : 187

TOTAL LENGTH OF AIR BUBBLES : .28405380E+02mm
TOTAL LENGTH OF CHORD : .49750310E+03mm

AIR VOID CONTENT : 5.3907%

MEAN CHORD LENGTH : .15190040mm

Number of bubbles per cm : 3.5558/cm

Number of bubbles per inch : 9.0316/inch

Specimen cast on MARCH 19 - Mortar [4]
khkkkkkkhhkkkkhkkhkhhhkkhikkhhhhhhkkkkkhkhkkkkk

Results of Slice # 2 from top
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TOTAL LENGTH TRAVERSED : 526.94 mm = 20.75 in

NUMBER OF ATR BUBBLES : 180

TOTAL LENGTH OF AIR BUBBLES : .26809580E+02mm
TOTAL LENGTH OF CHORD : .49910890E+03mm

ATR VOID CONTENT : 5.0878%

MEAN CHORD LENGTH : 0.14894210mm
Number of bubbles per cm : 3.4226/cm

Number of bubbles per inch : 8.6934/inch



Specimen cast on MARCH 19 - Mortar [4]
kkhkkkhkkhkhkkkkhkkhkkhkkhkhkhkhkhhkhkkkkkkkkk

Results of Slice # 3 from top
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TOTAL LENGTH TRAVERSED : 526.94 mm = 20.75 inches

NUMBER OF ATR BUBBLES : 130

TOTAL LENGTH OF AIR BUBBLES : .25183840E+02mm
TOTAL LENGTH OF CHORD : .50071470E+03mm

AIR VOID CONTENT : 4.7793%

MEAN CHORD LENGTH : 0.19372190mm
Number of bubbles per cm : 2.4720/cm

Number of bubbles per inch : 6.2788/inch

Specimen cast on MARCH 19 - Mortar [4]
khkkkkkhkhkhkkkkkkkkkkhkhkhhhhhhikkkhkhkhkkkhkkhkkk

Results of Slice # 4 from top

TOTAL LENGTH TRAVERSED : 526.94 mm = 20.75 inches

NUMBER OF AIR BUBBLES : 116

TOTAL LENGTH OF AIR BUBBLES : .30799090E+02mm
TOTAL LENGTH OF CHORD : .49510940E+03mm

AIR VOID CONTENT : 5.8449%

MEAN CHORD LENGTH : 0.26550940mm
Number of bubbles per cm : 2.2057/cm

Number of bubbles per inch : 5.6025/inch

Specimen cast on MARCH 19 - Mortar [4]
hhkkhkkkhkkhkhkhhkhkkhkkkkhhkkhkkhkhhhhkhhkhkhkkkkkhkhkk

Results of Slice # 5 from top

TOTAL LENGTH TRAVERSED : 526.94 mm = 20.75 inches

NUMBER OF AIR BUBBLES : le6l

TOTAL LENGTH OF AIR BUBBLES : .33132970E+02mm
TOTAL LENGTH OF CHORD : .49279540E+03mm

AIR VOID CONTENT : 6.2878%

MEAN CHORD LENGTH : 0.20579480mm
Number of bubbles per c¢m : 3.0613/cm

Number of bubbles per inch : 7.7756/inch



Specimen cast on MARCH 20 - [5]
hhkkkkhhhhhhhhhxhhkrhhhhhhhkrkk

TOTAL LENGTH TRAVERSED : 2634.68 mm = 103.73 inches

NUMBER OF AIR BUBBLES : 566

TOTAL LENGTH OF AIR BUBBLES : .13361900E+03mm
TOTAL LENGTH OF CHORD : . 2495943 0E+04mm

AIR VOID CONTENT : 5.0715%

SPECIFIC SURFACE : 446.4129 sg mm/cu mm
MEAN CHORD LENGTH : 0.23607600mm
Number of bubbles per cm : 2.1524/cm

Number of bubbles per inch : 5.4672/inch
Spacing Factor : .0127mm

Specimen cast on MARCH 20 - [5]
khkhkkkkhkhkhkxkddhkhkkhkhhohkkkkkkkhhhhkk

Results of Slice #1 from top

TOTAL LENGTH TRAVERSED : 526.94 mm = 20.75 inches

NUMBER OF AIR BUBBLES : 105

TOTAL LENGTH OF AIR BUBBLES : .30599620E+02mm
TOTAL LENGTH OF CHORD : .49531880E+03mm

ATIR VOID CONTENT : 5.8071%

MEAN CHORD LENGTH : 0.29142490mm
Number of bubbles per cm : 1.9965/cm

Number of bubbles per inch : 5.0711/inch

Specimen cast on MARCH 20 - [5]
hkkkkkkhkhkhhkhkhkhkkkhkhkkkikkxkkkkkkkx

Results of Slice # 2 from top

TOTAL LENGTH TRAVERSED : 526.94 mm = 20.75 inches

NUMBER OF AIR BUBBLES : 114

TOTAL LENGTH OF AIR BUBBLES : .30858940E+02mm
TOTAL LENGTH OF CHORD : .49506950E+03mm

ATR VOID CONTENT : 5.8563%

MEAN CHORD LENGTH : 0.27069240mm
Number of bubbles per cm : 2.1676/cn

Number of bubbles per inch : 5.5057/inch



Specimen cast on MARCH 20 - [5]
B L R R g g Y Y X L R L]

Results of Slice # 3 from top
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TOTAL LENGTH TRAVERSED : 526.94 mm = 20.75 inches

NUMBER OF AIR BUBBLES : 78

TOTAL LENGTH OF AIR BUBBLES : .24286200E+02mm
TOTAL LENGTH OF CHORD : .50162230E+03mm

AIR VOID CONTENT : 4.6089%

MEAN CHORD LENGTH : 0.31136160mm
Number of bubbles per cm : 1.4831/cnm

Number of bubbles per inch : 3.7672/inch

Specimen cast on MARCH 20 - [5]
khkkkkkhkhkhkhkkhkhkkhhhhkrkdkkkhddhkhiiikx

Results of Slice # 4 from top

TOTAL LENGTH TRAVERSED : 526.94 mm = 20.75 inches

NUMBER OF AIR BUBBLES : 109

TOTAL LENGTH OF AIR BUBBLES : .21972280E+02mm
TOTAL, LENGTH OF CHORD : .50393620E+03mm

ATR VOID CONTENT : 4.1698%

MEAN CHORD LENGTH : 0.20158060mm
Number of bubbles per cm : 2.0726/cm

Number of bubbles per inch : 5.2644/inch

Specimen cast on MARCH 20 =-[5]
khkkkhkhhhhhhkhkkkhkkkkkhkhkkhkdkhkhkkkk

Results of Slice #5 from top

TOTAL LENGTH TRAVERSED : 526.94 mm = 20.75 inches

NUMBER OF ATR BUBBLES : 160

TOTAL LENGTH OF AIR BUBBLES : .25901960E+02mnm
TOTAL LENGTH OF CHORD : .49999660E+03mm

AIR VOID CONTENT : 4.9156%

MEAN CHORD LENGTH : 0.16188720mm
Number of bubbles per cm : 3.0424/cm

Number of bubbles per inch : 7.7277/inch



Total Length of Traverse : 2553.6 mm ( 100.5 inches )
Number of Air Bubbles intercepted : 1832
Sum Of Bubble Lengths : 109.68 mm

Air Void Content : 4.29

o

Specimen cast on October 16 - Concrete [2]
kkhkkhkkkhkhkhkhkhkkhhhdrkhkhhbhkhhddkkdhhhkhhirhkik

Result of Slice # 1 from top

TOTAL LENGTH TRAVERSED : 319.203 mm = 12.57 inches

NUMBER OF AIR BUBBLES : 84

TOTAL LENGTH OF AIR BUBBLES : .156213740E+02mm
TOTAL LENGTH OF CHORD : .339048630E+03mm

AIR VOID CONTENT : 4.4041 %

Specimen Cast on October 16 - Concrete [2]
kkkkkkhkhhhkkkhhhhkhkkkhkhkhhkkhkkhkkhhkhkkkkkhkkk

Result of Slice # 2 from top

TOTAL LENGTH TRAVERSED : 319.20 mm = 12.57 inches

NUMBER OF AIR BUBBLES : 113

TOTAL LENGTH OF AIR BUBBLES : .46778660E+01mm
TOTAL LENGTH OF CHORD : .14948900E+03mm

AIR VOID CONTENT : 1.4655 %

Specimen cast on October 16 - Concrete [2]
hhkkhkhhhhhkhhhhhhhdhkhkdhkhddhkdhidhhkhkdhkdxkkixdkhxx

Result of Slice # 3 from top

TOTAL LENGTH TRAVERSED : 319.20 mm = 12.57 inches

NUMBER OF AIR BUBBLES : 310
TOTAL LENGTH OF AIR BUBBLES : .14611540E+02mm
TOTAL LENGTH OF CHORD : .13956330E+03mm

ATR VOID CONTENT : 4.5775 %



Final Results of Specimen cast on October 5

Total Length of Traverse : 2553.6 mm (100.5 inches)
Number of Air Bubbles intercepted : 975

Sum of Bubble Lengths : 52.571 mm

Air vVoid Content : 2.06 %

Specimen cast on October 5 - Concrete [1]
P R R I IR R R T R L T 5 X 8 5 %

Results of Slice # 1 from top
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TOTAL LENGTH TRAVERSED : 354.67 mm = 13.96 inches
NUMBER OF AIR BUBBLES : 59
TOTAL LENGTH OF AIR BUBBLES : .46233010E4+01mm

ATIR VOID CONTENT : 1.3035 %

Specimen cast on October 5 - Concrete [1]
khkkhkkkhkkhhhkhkhkhkhhkrhkkkdhhdhkdhbikhhkhhkhxhhkik

Results of Slice # 2 from top

TOTAL LENGTH TRAVERSED : 354.67 mm = 13.96 inches

NUMBER OF AIR BUBBLES : 198

TOTAL LENGTH OF AIR BUBBLES : .11204550E+02mm
TOTAL LENGTH OF CHORD : .14296630E+03mm

ATR VOID CONTENT : 3.1591 %

Specimen cast on October 5 - Concrete [1]
kkkkhkkhkhkhhkkhkhkhkhhkhhkhkhkkhhhkhrhkkkdikkhkkkkdk

Results of Slice # 3 from top
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TOTAL LENGTH TRAVERSED : 354.67 mm = 13.96 inches

NUMBER OF AIR BUBBLES : 134
TOTAL LENGTH OF AIR BUBBLES : .62058120E+01mm
TOTAL LENGTH OF CHORD : .14796110E+03mm

Specimen cast on October 16 - Concrete [2]
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display.exe

mainl.exe

cd\mstep-5

basica mtr2

cd\bin

FL /c c:\irisl.04\combin. for
cd\irisl.o04

display.exe

main2.exe

cd\mstep-5

basica mtr2

cd\bin

FL /c c:\irisl.04\combin. for
cd\irisl.o4

display.exe

main3.exe

cd\mstep-5

basica mtr2

cd\bin

FL /c c:\irisl.04\combin. for
cd\irisl.04

display.exe

main4.exe

cd\mstep-5

basica mtr2

cd\bin

FL /c c:\irisl.04\combin. for
cd\irisl.o04

display.exe

main5.exe

cd\mstep-5

basica mtr2

cd\bin

FL. /c c:\irisl.04\combin. for
cd\irisl.04

display.exe

mainé.exe

cd\mstep-5

basica mtr2

cd\bin

FL /c c:\irisl.04\combin. for
cd\irisl.04

display.exe

main7.exe

cd\mstep-5

basica mtr2

cd\bin

FL /c c:\irisl.04\combin. for
cd\irisl.o04

display.exe

main8.exe

cd\nmstep-5

basica mtr2

cd\bin

FL /c c:\irisl.04\combin. for
cd\irisl.04

display.exe

main9.exe

cd\mstep-5

cd\irisl.04



basica mtr2

cd\bin

FL /c c:\irisl.04\combin. for
cd\irisl.04

display.exe

mainlo0.exe

cd\mstep-5

basica mtr2

cd\bin

FL /c c:\irisl.04\combin. for
cd\irisl.04

display.exe

mainll.exe

cd\nmstep-5

basica mtr2

cd\bin

FL /c c:\irisl.O04\combin. for
cd\irisl.04

display.exe

mainl2.exe

cd\mstep-5

basica mtr2

cd\bin

FL /c c:\irisl.04\combin. for
cd\irisl.o04

display.exe

mainl3.exe

compact.exe

cd\

Xtree



PROGRAM MAIN1

This program captures an image from a concrete section and stores
the image in the directory 'images' and stores the data in 2 files
:bl.dat and bbl.dat. This program uses the software DT-Iris version
4.0 and calls subroutrines from the library 'c:\irisl.o04\isforlib.lib'
This program assumes the user is providing a video input signal to
the appropriate input line on the DT2851 and there is an appropriate
display. This program is meant for lower magnification.
$include: 'c:\IRIS1.04\ISDEFS.FOR"
$include: 'c:\IRIS1.04\ISERRS.FOR"
C

OO0

INTEGER*2 STATUS
c

INTEGER*2 NCH1,LCHORD1, LNUMBER1,LSUM1,K,A,Y0,X0,CX0,CX

INTEGER#*2 IP(511)

INTEGER%*2 LB(20),LC(20)

REAL SUM1, CHORD1

REAL RB1(20),RC1(20)

LSUML = 0

LNUMBER1 = 0

LCHORD1 = 0

NCH1=0

open a channel to the device driver
STATUS = ISINIT()

select input look-up table 0 ( monochrome translation )

NN Q00

STATUS = ISINTS (0)

select output look-up table 0 ( monochrome translation )

oRoNY!

STATUS = ISOUTS(0)

select sync source ( for real-time pass-thru sync must be externally
supplied by source ; 1 = external sync )

(PR RO NP]

STATUS = ISSYNC(1)

select frame buffer 0 to use for video input

ann

STATUS = ISINFR(O)

select frame buffer 0 to use for video output

oNe NP

STATUS = ISOTFR(O)

set board in real-time acquisition and display mode ( pass~-thru )

(PNONP!

STATUS = ISPASS()

allocate memory for frame buffer 2

Q0N

STATUS = ISALOC(2)

C clear buffer 2



STATUS = ISFCLR(2)
acquire one frame to buffer 2
STATUS = ISACQ(2,1)

save image in a file:filename to buffer 2

NOnN0 Q00O an

STATUS = ISSAVE(2,0,1,0,'C:\IM\CC1.IMG')

enable display circuitry

PRPNP]

STATUS = ISDISP(1)

f

get pixels

NON®!

STATUS

ISGETP(2,255,0,511,IP)

OPEN (7, FILE = 'C:\IM-DATA\BB1l.DAT',STATUS='NEW')
DO 100 I=1,511
WRITE (7,50)I,IP(I)

50 FORMAT (2I12.4)

100 CONTINUE

DO 200 I=1,508
IF ( IP(I) .GE. 245 ) THEN
LSUM1=LSUM1+1

IF (IP(I-1) .LT. 245) THEN
LNUMBER1=LNUMBER1+1
K=K+1
ELSE
LNUMBER1=LNUMBER1
ENDIF
LB(K)=LB(K)+1
ENDIF
200 CONTINUE

¥=0
DO 250 K1=1,20
IF (LB(K1) .EQ. 0) THEN
Y=Y+1
ENDIF
250 CONTINUE
Y0=20-Y

J=0

IF (IP(1) .LT. 245) THEN
NCH1=1

J=1

LC(1)=CX0+1

ENDIF

DO 300 I=2,508
IF (IP(I) .LT. 245) THEN
LCHORD1=LCHORD1+1

IF (IP(I-1) .GE. 245) THEN
NCH1=NCH1+1
J=J+1



300
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330

340
350

390
375

400

410

425

C close

ELSE

NCH1=NCH1

ENDIF

LC(J)=LC(J)+1

ENDIF

CONTINUE
SUM1=LSUM1*0.0099738
CHORD1=LCHORD1*0.0099738

X=0

DO 310 J1=1,20

IF (LC(J1) .EQ. 0) THEN
X=X+1

ENDIF

CONTINUE

X0=19-X

CX=LC (X0+1)

WRITE (7,*) ' TOTAL LENGTH TRAVERSED : 5.0667 mm '

WRITE (7,*) ' NUMBER OF AIR BUBBLES : ',LNUMBERL

WRITE (7,%) ' NUMBER 't PIXELS v MILLIMETERS
DO 350 K=1,YO

RB1 (K)=LB(K) *0.0099738

WRITE (7,330)K,LB(K),RB1(K)

FORMAT (2I12.4,1E15.8)

OPEN (1, FILE = 'C:\IM-DATA\GP1.DAT',STATUS = 'NEW')
WRITE(1,340)LB(K),RB1 (K)

FORMAT (1I12.4,1E15.8)

CONTINUE

WRITE (7,%) ' == e e e e '

WRITE (7,%*) ' NUMBER OF CHORDS INTERCEPTED : ', NCH1

WRITE (7,%*) 'CHORD NUMBER ', PIXELS ', MILLIMETERS'

DO 375 A=1,X0

RC1 (A)=LC(A)*0.0099738
WRITE (7,390)A,LC(A),RC1(A)
FORMAT (2I12.4,1E15.8, 'mm"')

CONTINUE

WRITE (7,%) ! =m e o e e e e e e e '

WRITE (7,%*) ' TOTAL AIR BUBBLE LENGTH (&L in Pixels) :',LSUM1
WRITE (7,400) SUM1

FORMAT (' TOTAL AIR BUBBLE LENGTH in millimeters :',1E15.8,'mm')
WRITE (7,*) ' TOTAL CHORD LENGTH (Pixels) : ',LCHORD1

WRITE (7,410)CHORD1

FORMAT (' TOTAL CHORD LENGTH IN millimeters :',1E15.8,'mm')
OPEN (8, FILE = 'C:\IM-DATA\B1.DAT', STATUS = 'NEW')
WRITE (8,*)CX

WRITE (8,*)LNUMBER1

WRITE (8,425)SUM1

WRITE (8,425)CHORD1

WRITE (8,*)NCH1

FORMAT (1E15.8)

CLOSE (1)

CLOSE (7)

CLOSE (8)

channel to driver

STATUS = ISEND()



STOP
END



PROGRAM COMBINI1

C This program combines the data of files RUN1.DAT through

C RUN10.DAT and gives the cummulative result.
C
REAL AVC,MCL,F1,F2
SUM = 0
LNUMBER

=0
CHORD = O

OPEN (1, FILE = 'C:\RESULTS\RUN2.DAT', STATUS='OLD')

READ (1,%*) LN2

READ (1,100) S2

READ (1,100) CD2

READ (1,*) NCH2

OPEN (2, FILE = 'C:\RESULTS\RUN3.DAT', STATUS
READ (2,*) LN3

READ (2,100) S3

READ (2,100) CD3

READ (2,*) NCH3

OPEN (3, FILE = 'C:\RESULTS\RUN4.DAT', STATUS
READ (3,*) LN4

READ (3,100) S4

READ (3,100) CD4

READ (3,*) NCH4

OPEN (4, FILE = 'C:\RESULTS\RUN5.DAT', STATUS
READ (4,*) LN5

READ (4,100) S5

READ (4,100) CD5

READ (4,*) NCH5

10LD"')

'0LD')

"OLD')

OPEN (5, FILE = 'C:\RESULTS\RUN6.DAT', STATUS='OLD')

READ (5,*) LN6

READ (5,100) S6
READ (5,100) CD6
READ (5,*) NCH6
OPEN (6, FILE = 'C:\RESULTS\RUN7.DAT', STATUS
READ (6,%*) LN7
READ (6,100) S7
READ (6,100) CD7
READ (6,*) NCH7
OPEN (7, FILE = 'C:\RESULTS\RUN8.DAT', STATUS
READ (7,*) LN8
READ (7,100) S8
READ (7,100) CDS8
READ (7,*) NCHS
OPEN (8, FILE = 'C:\RESULTS\RUN9 .DAT', STATUS =
READ (8,%*) LN9
READ (8,100) S9
READ (8,100) CD9
READ (8,*) NCH9

100 FORMAT (1E15.8)

LNUMBER = LN2+LN3+LN4+LN5+LN6+LN7+LN8+LN9
SUM = S2+S53+S4+S5+56+S7+S8+S9

NCH = NCH2+NCH3+NCH4+NCH5+NCH6+NCH7+NCH8+NCH9
CHORD = CD2+CD3+CD4+CD5+CD6+CD7+CD8+CD9
TL=SUM+CHORD

MCL=SUM/LNUMBER

AVC=(SUM/526.9368) *100

F1=(LNUMBER*10/TL)

F2=(LNUMBER*25.4/TL)

'OLD!')

10LD')

TOLD*')
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OPEN (10, FILE = 'C:\RESULTS\RESULT1.DAT',6STATUS = 'NEW')
WRITE (10,%*) ' SUMMATION OF RUN2 TO RUN9 ','(526.94 mm)'
WRITE (10,%*) ' = —;eeceeeeeeeeeoee e '

WRITE (10,*) ' TOTAL LENGTH TRAVERSED : 526.94 mm','= 20.75 in'
WRITE (10,%*) 'NUMBER OF AIR BUBBLES :', LNUMBER

WRITE (10,200)SUM

FORMAT (' TOTAL LENGTH OF AIR BUBBLES : ',1E15.8, 'mm')

WRITE (10,250)CHORD

FORMAT (' TOTAL LENGTH OF CHORD : ',1E15.8,'mm"')

WRITE (10,300)AVC

FORMAT (' AIR VOID CONTENT : ',1F7.4,'%")

WRITE (10,400)MCL
FORMAT (' MEAN CHORD
WRITE (10,450)F1
FORMAT (' Number of
WRITE (10,475)F2
FORMAT (' Number of

OPEN (11, FILE = 'C
WRITE (11,410)SUM
WRITE (11,410)CHORD
WRITE (11,*)LNUMBER
WRITE (11,*)NCH
FORMAT (1E15.8)

DO 425 I=1,11

CLOSE (I)

CONTINUE

STOP
END

LENGTH : ',1F15.8, 'mm')

bubbles per cm :',1F7.4,"'/cm')
bubbles per inch :',1F7.4,'/cm')

:\RESULTS\XSLICE1.DAT', STATUS = 'NEW')



sNoNoNOo NN N?]

PROGRAM COMPACT
C This program combines the data of files MAIN1.FOR through
C MAIN8.FOR and gives the cummulative result.

IN1,IN2,IN3..
s1,82,83...

cD1,CD2,CD3..
LCl,LCc2,LC3..
ACL =

REAL AVC,ACL,SUM, CHORD

SUM =
LNUMBER
CHORD

OPEN
READ
READ
READ
READ
READ

0
=0
= 0

(1, FILE =
(1,%) X1
(1,*) LN1
(1,100) S1
(1,100) CD1
(1,%) LCl

CLOSE (1)

OPEN
READ
READ
READ
READ
READ

(2, FILE =
(2,*%) X2
(2,%) LN2
(2,100) S2
(2,100) CD2
(2,%) LC2

CLOSE (2)

OPEN
READ
READ
READ
READ
READ

(3, FILE =
(3,%) X3
(3,*%) LN3
(3,100) S3
(3,100) CD3
(3,*) LC3

CLOSE (3)

OPEN
READ
READ
READ
READ
READ

(4, FILE =
(4,%) X4
(4,*) LN4
(4,100) S4
(4,100) CD4
(4,*) LC4

CLOSE (4)

OPEN
READ
READ
READ
READ
READ

(5, FILE =
(5,*) X5
(5,%) LN5
(5,100) S5
(5,100) CD5
(5,*%) LC5

CLOSE (5)

OPEN
READ
READ
READ
READ
READ

(6, FILE =
(6,%) X6
(6,%) LN6
(6,100) S6
(6,100) CD6
(6,*%) LC6

CLOSE (6)

OPEN
READ
READ

(7, FILE =
(7,%) X7
(7,%) LN7

'C:\IM-DATA\B1.DAT',

1C:\IM-DATA\B2.DAT',

'C:\IM-DATA\B3.DAT!',

'C:\IM-DATA\BS5.DAT',

1C:\IM-DATA\B6.DAT',

'C:\IM-DATA\B7.DAT',

Number of bubbles
Air Bubble Length
Chord Length
Number of chords

Mean Chord Length

STATUS

STATUS

'C:\IM-DATA\B4.DAT', STATUS

STATUS

STATUS

STATUS

STATUS='OLD")

'OLD')

10LD')

'OLD')

'0LD')

10LD')

'OLD')



READ (7,100) S7

READ (7,100) CD7

READ (7,%*) LC7

CLOSE (7)

OPEN (8, FILE = 'C:\IM-DATA\BS8.DAT', STATUS='OLD')
READ (8,*) X8

READ (8,*) LN8

READ (8,100) S8

READ (8,100) CDS8

READ (8,*) LC8

CLOSE (8)

OPEN (9, FILE = 'C:\IM-DATA\B9.DAT', STATUS = 'OLD')
READ (9,*) X9

READ (9,*) LN9

READ (9,100) S9

READ (9,100) CD9

READ (9,*) LC9

CLOSE (9)

OPEN (10, FILE = 'C:\IM-DATA\B10.DAT', STATUS = 'OLD')
READ (10,*) X10

READ (10,*) LN10

READ (10,100) S10

READ (10,100) CD10

READ (10,*) LC10

CLOSE (10)

OPEN (11, FILE = 'C:\IM-DATA\B11.DAT', STATUS = 'OLD')
READ (11,%) X11

READ (11,*) LN11

READ (11,100) S11

READ (11,100) cD11

READ (11,%*) LCl1

CLOSE (11)

OPEN (12, FILE = 'C:\IM-DATA\B12.DAT', STATUS
READ (12,%) X12

READ (12,%) LN12

READ (12,100) S12

READ (12,100) CD12

READ (12,%*) LC12

CLOSE (12)

OPEN (13, FILE = 'C:\IM-DATA\B13.DAT', STATUS
READ (13,%) X13

READ (13,%*) LN13

READ (13,100) S13

READ (13,100) CD13

READ (13,%) LC13

CLOSE (13)

'OLD")

'OLD')

FORMAT (1E15.8)

LNUMBER=LN1+LN2+LN3+LN4+LN5+LN6+LN7+LN8+LN9+LN10+LN11+LN12+I.N13
NCH=LC1+LC2+LC3+LC4+LC5+LC6+LC7+LC8+LCI9+LC10+LC11+LC12+1C13
SUM = S1+S2+S3+S4+S5+56+S7+S8+S9+S10+S11+S12+513
CHORD=CD1+CD2+CD3+CD4+CD5+CD6+CD7+CD8+CD9+CD10+CD11+CD12+CD13
CAVG= (CHORD/NCH)

ACL=(SUM/LNUMBER)

AVC=(SUM/0.65867)

OPEN (14, FILE = 'C:\RESULTS\BBBB.DAT',STATUS = 'NEW')
WRITE (14,%) SUMMATION OF BBl TO BB13 !
WRITE (14,%) ' = s '



200

250

275

300

350

WRITE (14,%*) ' TOTAL LENGTH TRAVERSED : 65.867 mm '
WRITE (14,*) 'NUMBER OF AIR BUBBLES :',LNUMBER
WRITE (14,200)SUM

FORMAT (' TOTAL LENGTH OF AIR BUBBLES : ',1E15.8,'mm')
WRITE (14,250)CHORD

FORMAT (' TOTAL LENGTH OF CHORD : ',1E15.8,'mm')

WRITE (14,275)ACL

FORMAT ('Mean Chord Length : ',1E15.8)

WRITE (14,300)AVC

FORMAT (' AIR VOID CONTENT : ',1F7.4,'%"')

OPEN (15, FILE = 'C:\RESULTS\RUN1l.DAT', STATUS = 'NEW')

WRITE (15, *)LNUMBER
WRITE (15,350)SUM
WRITE (15,350)CHORD
WRITE (15, *)NCH
FORMAT (1E15.8)

STOP
END



PROGRAM FINAL

C This program combines the data of files of 5 slices gives the
C cummulative result.

NnNOn

100

ocNeNeNeRPN¢!

SFS = Spacing Factor with sand
SF = Spacing factor without sand

REAL AVC,SA,MCL,F1,F2,SFS1,SFs2,SFS,SF1,SF2,SF,TL

SUM = 0

LNUMBER = O

CHORD = 0

OPEN (1, FILE = 'C:\RESULTS\XSLICE2.DAT',

READ (1,100) S2
READ (1,100) CD2
READ (1,%*) LN2

READ (1,*) NCH2

OPEN (2, FILE = 'C:\RESULTS\XSLICE3.DAT',

READ (2,100) S3
READ (2,100) CD3
READ (2,*) LN3
READ (2,*) NCH3

OPEN (3, FILE = ‘'C:\RESULTS\XSLICE4.DAT',

READ (3,100) S4
READ (3,100) CD4
READ (3,*) LN4
READ (3,*) NCH4

OPEN (4, FILE = 'C:\RESULTS\XSLICE5.DAT',

READ (4,100) S5
READ (4,100) CD5
READ (4,*) LN5

READ (4,*) NCH5

OPEN (5, FILE = 'C:\RESULTS\XSLICE6.DAT',

READ (5,100) S6
READ (5,100) CD6
READ (5,*) LN6
READ (5,*) NCH6

FORMAT (1E15. 8)

STATUS='0LD"')

STATUS = 'OLD')
STATUS = 'OLD')
STATUS = 'OLD')

STATUS="'0LD"')

OPEN(7,FILE = 'C:\RESULTS\POUT.DAT',STATUS='0LD")

READ (7,*)pl

WRITE (*,%*)' Enter paste content :'

READ (*,*) p2

LNUMBER = LN2+LN3+LN4+LNS5+LN6
SUM = S2+S3+S4+85+56

NCH = NCH2+NCH3+NCH4+NCH5+NCH6
CHORD = CD2+CD3+CD4+CD5+CD6
TL=SUM+CHORD

MCL=SUM/LNUMBER
AVC=(SUM/2634.684) *100
SA=(4*LNUMBER) /AVC
F1=(LNUMBER*10/TL)
F2=(LNUMBER*25.4/TL)

SFS1 = (pl/(SA*AVC))

SFS2 = (3/SA) * (1.4*(((pl/AVC)-1)+*%0.333)-1)

IF (SFS1 .GT. SFS2) THEN
SPS=SFS2
ELSE
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510

SFS=SFS1
ENDIF

SF1

(p2/ (SA*AVC))

SF2 = (3/SA) * (1.4*%(((p2/AVC)-1)**0.333)-1)

IF (SF1 .
SF=SF2
ELSE
SF=SF1
ENDIF

OPEN (6,

WRITE (6,
WRITE (6,
WRITE (6,
WRITE (6,
WRITE (6,
FORMAT ('

WRITE (6,
FORMAT ('

WRITE (6,
FORMAT ('

WRITE (6,
FORMAT ('

WRITE (6,
FORMAT ('

WRITE (6,
FORMAT ('
WRITE (6,
FORMAT ('
WRITE (6,
FORMAT ('
WRITE (6,
FORMAT ('

DO 510 I=

CLOSE (I)
CONTINUE

STOP
END

GT. SF2) THEN

FILE = 'C:\RESULTS\OUTPUT.DAT',STATUS = 'NEW')

*) ! SUMMATION OF 5 SLICES ','(2634.684 mm)'
*) b e o v i v o o e o e v e e e o e - 1

*)' TOTAL LENGTH TRAVERSED : 2634.68 mm',':103.73 in'
*#) ' NUMBER OF AIR BUBBLES :',LNUMBER

200) sUM

TOTAL LENGTH OF AIR BUBBLES : ',1E15.8, 'mn')

250) CHORD

TOTAL LENGTH OF CHORD : ',1E15.8,'mm')

300)AvVC

ATR VOID CONTENT : ',1F7.4,'%"')

350)SA

SPECIFIC SURFACE : ',1F15.8,'sq mm/cu mm')
400)MCL

MEAN CHORD LENGTH : ',1F15.8,'mm')

450)F1

Number of bubbles per cm :',1F7.4,'/cm')
475)F2

Number of bubbles per inch :',1F7.4,'/cm')
500) SPS

Spacing Factor(with sand) :',1F15.4,'mm')
505) SF

Spacing Factor(without sand) :',1F15.4,'mm')

1,7



cd\irisl.04

display.exe

pcl.exe

cd\mstep-5

basica mtr2

cd\

waitup.exe

cd\bin

FL /c c:\waitup.for
cd\irisl.o04
display.exe

pc2.exe

cd\mstep-5

basica mtr2

cd\

waitup.exe

cd\bin

FL /c c:\waitup. for
cd\irisl.04
display.exe

pc3.exe

cd\mstep-5

basica mtr2

cd\

waitup.exe

cd\bin

FL /c c:\waitup. for
cd\irisl.04
display.exe
pc4d.exe

cd\mstep-5

basica mtr2

cd\

waitup.exe

cd\bin

FL /c c:\waitup. for
cd\irisl.04
display.exe
pc5.exe

cd\mstep-5

basica mtr2

cd\

waitup.exe

cd\bin

FL /c c:\waitup. for
cd\irisl.o04
display.exe
pcé6.exe

cd\mstep-5

basica mtr2

cd\

waitup.exe

cd\bin

FL /c c:\waitup.for
cd\irisl.o04
display.exe

pc7.exe

cd\mstep-5

basica mtr2

cd\



waitup.exe

cd\bin

FL /c c:\waitup.for
cd\irisl.04
display.exe

pc8.exe

cd\nstep-5

basica mtr2

cd\

waitup.exe

cd\bin

FL /c c:\waitup.for
cd\irisl.04
display.exe

pco.exe

cd\mstep-5

basica mtr2

ca\

waitup.exe

cd\bin

FL /c c:\waitup.for
cd\irisl.04
display.exe
pclo.exe

cd\mstep-5

basica mtr2

cd\

waitup.exe

cd\bin

FL /c c:\waitup.for
cd\irisl.04
display.exe
pcll.exe

cd\mstep-5

basica mtr2

cd\

waitup.exe

cd\bin

FL /c c:\waitup.for
cd\irisl. 04
display.exe
pcl2.exe

cd\mstep-5

basica mtr2

cd\

waitup.exe

cd\bin

FL /c c:\waitup.for
cd\irisl.04
display.exe

pcl3.exe
pat.exe
cd\

xtree



PROGRAM PASTE CONTENT
This program captures an image from a concrete
section and stores the data in file :pcl.dat
This program uses the software DT-Iris version 4.0
and calls subroutrines from the library
'c:\irisl1.04\isforlib.1lib'.This program assumes the
user is providing a video input signal to the
appropriate input line on the DT2851 and there is an
appropriate display. This program is meant for lower
magnification
$include: 'c:\IRIS1.04\ISDEFS.FOR'
$include: 'c:\IRIS1.04\ISERRS.FOR!'

NN OOOOn0N

C
INTEGER*2 STATUS
C
INTEGER*2 IP(511)
REAL Tlengthl, Tpastel, Taggl
Tpastel = 0
Taggl = 0
c
C open a channel to the device driver
C
STATUS = ISINIT()
C
C select input look-up table 0 ( monochrome
C translation)
C
STATUS = ISINTS(0)
C
C select output look-up table 0 ( monochrome
C translation )
C
STATUS = ISOUTS(0)
C
C select sync source ( for real-time pass-thru sync must be
C supplied by source ; 1 = external sync )
C
STATUS = ISSYNC(1)
C
C select frame buffer 0 to use for video input
C
STATUS = ISINFR(O)
Cc
C select frame buffer 0 to use for video output
C
STATUS = ISOTFR(O0)
C
C set board in real-time acquisition and display mode ( pass-thr
C
STATUS = ISPASS()
C
C allocate memory for frame buffer 2
c
STATUS = ISALOC(2)
C
C clear buffer 2
C STATUS = ISFCLR(2)
c



acquire one frame to buffer 2

Q0

STATUS = ISACQ(2,1)
save image in a file:filename to buffer 2
STATUS = ISSAVE(2,0,1,0,'C:\IM\CC1l.IMG')

enable display circuitry

oNeNeNoRe RO N ®]

STATUS

ISDISP(1)

get pixels

oNeNe]

STATUS = ISGETP(2,255,0,511,IP)
DO 100 I=1,511

WRITE (7,50)I,IP(I)

c50 FORMAT (2I12.4)

€100 CONTINUE

an0n

DO 100 I=1,508
Tlengthl=Tlengthl+1l
IF ( IP(I) .LT. 215 ) THEN
Taggl=Taggl+l
ENDIF

100 CONTINUE

Tpastel=Tlengthl-Taggl
Tpastel=Tpastel*0.0099738
Taggl=Taggl*0.0099738
Tlengthl=Tlengthl*0.0099738
OPEN (1, FILE = 'C:\IM-DATA\PC1l.DAT',STATUS = 'NEW')
WRITE (1,150) Tpastel
WRITE (1,150) Taggl
WRITE (1,150) Tlengthl
150 FORMAT (1E15.8)
CLOSE (1)

C close channel to driver
STATUS = ISEND()

STOP
END



PROGRAM PUNE
C This program combines the data of files PC1l.DAT,PC2.DAT,PC3.DAT..
C upto PC14.DAT and gives the cummulative result

51,82,S83...

oNeNeNONY!

Q

100

200

400

REAL

OPEN
READ
READ
OPEN
READ
READ
OPEN
READ
READ
OPEN
READ
READ
OPEN
READ
READ
OPEN
READ
READ
OPEN
READ
READ
OPEN
READ
READ

CD1,CD2,CD3. .=

PT, AT, TL, PC

(1, FILE =
(1,100) P1
(1,100) A1l
(2, FILE =
(2,100) P2
(2,100) A2
(3, FILE =
(3,100) P3
(3,100) A3
(4, FILE =
(4,100) P4
(4,100) A4
(5, FILE =
(5,100) P5
(5,100) A5
(6, FILE =
(6,100) P6
(6,100) A6
(7, FILE =
(7,100) P7
(7,100) A7
(8, FILE =
(8,100) P8
(8,100) AS

FORMAT (1E15. 8)

hord Length

'C:\RESULTS\PASTE1.DAT',

'C:\RESULTS\PASTE2.DAT',

'C:\RESULTS\PASTE3.DAT',

'C:\RESULTS\PASTE4 .DAT',

'C:\RESULTS\PASTE5.DAT',

'C:\RESULTS\PASTE6.DAT',

'C:\RESULTS\PASTE7.DAT",

'C:\RESULTS\PASTES.DAT',

PT=P1+P2+P3+P4+P5+P6+P7+P8
AT=A1+A2+A3+A4+A5+A6+A7+AS8
TL=AT+PT

PC=(PT*100) /TL

OPEN

(9, FILE =

WRITE (9,200)PT
WRITE (9,200)AT
FORMAT (1E15. 8)
DO 400 I=1,9
CLOSE (I)
CONTINUE

STOP
END

Air Bubble Length
C

STATUS

STATUS

STATUS

STATUS

STATUS

STATUS

STATUS

STATUS

'C:\RESULTS\PSLICE.DAT', STATUS

10LD')

'0LD')

'OLD')

'0LD')

'OLD')

T0LD')

"OLD')

'0LD')

"NEW')



PROGRAM PFINAL
This program combines the data of files PC1.DAT,PC2.DAT,PC3.DAT..
upto PC14.DAT and gives the cummulative result .

oo NoNoNoNONY!

100

200

400

s1,82,83
cD1,CD2,

REAL PT,AT,TL,PC

OPEN (1,
READ (1,100) P1
READ (1,100) Al
OPEN (2, FILE =
READ (2,100) P2
READ (2,100) A2
OPEN (3, FILE =
READ (3,100) P3
READ (3,100) A3
OPEN (4, FILE =
READ (4,100) P4
READ (4,100) A4
OPEN (5, FILE =
READ (5,100) P5
READ (5,100) A5

FILE =

FORMAT (1E15.8)

CDh3..

Air Bubble Length
Chord Length

'C:\RESULTS\PSLICE1l.DAT',
1C:\RESULTS\PSLICE2.DAT',
'C:\RESULTS\PSLICE3.DAT',
'C:\RESULTS\PSLICE4.DAT',

'C:\RESULTS\PSLICE5.DAT',

PT=P1+P2+P3+P4+P5
AT=A1+A2+A3+A4+A5

TL=AT+PT
PC=(PT*100) /TL

OPEN (6, FILE =
WRITE (6,200)PC
WRITE (6,200)PT
WRITE (6,200)AT
FORMAT (1E15.8)
DO 400 I=1,6
CLOSE (I)
CONTINUE

STOP
END

'C:\RESULTS\POUT.DAT',STATUS =

STATUS

STATUS

STATUS

STATUS

STATUS

'OLD')

10LD"')

'OLD"')

'"OLD"')

'0LD"')

'NEW')
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PROGRAM DISPLAY

This program is a simple example implementing calls from the FORTRAN
library in DT-IRIS (ISFORLIB) to place a DT2851 Frame Grabber in a
real-time display mode. This program assumes the user is providing a
video input signal to the appropriate input 1line on the DT2851 and
there is an appropriate display monitor attached to the video output
lines from the DT2851. Upon successful execution of this program the
input signal will be continually digitized and displayed in real-time
at the output display monitor.

$INCLUDE: 'C:\IRIS1.04\ISDEFS.FOR"'
S$INCLUDE: 'C:\IRIS1.04\ISERRS.FOR'

C

NON 000 QN0 000 0000 oo o000 Q00

(PNONP!

oNoNe

INTEGER*2 STATUS

open a channel to the device driver
STATUS = ISINIT()

select input look-up table 0 ( monochrome translation )
STATUS = ISINTS(0)

select output look-up table 0 ( monochrome translation )
STATUS = ISOUTS(0)

select sync source ( for real-time pass-thru sync must be externally
supplied by source ; 1 = external sync )

STATUS = ISSYNC(1)

enable display circuitry (1 = turn display on)

STATUS = ISDISP(1)
select frame buffer 0 to use for video input
STATUS = ISINFR(O)
select frame buffer 0 to use for video output
STATUS = ISOTFR(O0)
set board in real-time acquisition and display mode ( pass-thru )
STATUS = ISPASS()
close channel to driver
STATUS = ISEND()

terminate program

STOP 'PROGRAM TERMINATED'
END
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