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This section of the report provides background information to be used in 

reviewing and understanding the requirements and epecifications for a 

Construction Materials System. It describes the organization of the Arizona 

Department of Transportation (ADOTI, describes the functional operations to be 

supported by the system, provides background information about the system to 

be implemented, describes the business problems, and provides an overview of 

the proposed solution. 

The organization of the ADOT is depicted in Exhibit 1-1. ADOT is headed 

by a director who reports to the Governor of Arizona. As shown in Exhibit 

1-1, ADOT is comprised of five divisions, each headed by a division director. 

The Highways Division, whose director is called the State Engineer, is 

responsible for the construction and maintenance of Arizona's 16,000 miles of 

state highways and bridges. The Elighways Division is composed of five 

operational groups including: 

Highway Developaent Group 

Research Center 

Highway Operat ions 

Traffic Engineering 

General Operations. 

The proposed system will primarily serve the Highway Operations group. 

The Highway Operations group is made up of the following functional sections: 
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Maintenance Section, which is responsible for budgeting and 
bidding of maintenance materials, administrative duties 
relating to maintenance, some highway and bridge 
maintenance. 

Materials Section, which is responsible for deeign 
activities as related to naturally occurring materials at 
the construction site and materials to be used in the 
construction project, and for assuring that materials meet 
established specifications for quality. 

Construction Section, which is responsible for the 
collection of information for all contracted construction 
projects, maintenance of specifications, quality control, 
project planning, project documentation, and the 
administration of claims not handled by the districts. 

Four engineering districts, each of which is responsible 
for the construction projects and maintenance of the 
completed highway or etructure in the geographic area of 
the district. The four engineering districts encompass the 
entire state. 

The proposed system, the Construction Materials System, will support the 

materials management functions performed by the Highway Operations group. 

Materials Management functions can be categorized into two major 

functional areas: Material Testing and Quality Assurance. Each area is 

explained below. 

v 
All materials to be used in. a road or bridge construction project must 

meet established specifications for quality. Soils and sub-soils in roadbeds, 

embankments, and shoulders must be of the proper quality to provide support 

for roadways and structures. Materials management functions performed by the 

Highway Operations group are targeted to ensuring that all materials are of 

adequate quality. Toward this goal, the Highway Operations group performs 



engineering design activities and laboratory testing of materials. A number 

of laboratories have been established throughout the State of Arizona to 

support materials testing. Test procedures have been established by AASHTO, 

ASRI, and AWT. The Federal Highway Administration (FHWA) monitors materials 

management and has established guidelines that must be adhered to in order to 

receive federal funding. All testing guideline8 have been approved by FRWA. 

Following is a eumnary of the major types of materials tested by ADOT 

laboratories: 

Soils and aggregates 

Asphaltic concrete 

Asphalt 

Concrete 

Cement and cement additives 

Steel reinforcing bars and other metal materials 

Geotextiles 

Chemical products such ae epoxies and paints 

Miscellaneous materials euch as traffic control materials 
and other specialty items. 

ADOT operates several laboratories throughout the state. A quality 

assurance program has been developed to ensure that each laboratory is 

performing tests in the same way according to established testing procedures. 

Functionally, materials tests can be categorized as follows: 



Project Acceptance Tests are tests performed on materials 
used in the actual construction project. These tests may 
result in rejection of material, removal of material 
already in place, or a reduction in payment to contractors. 

Information Tests are used to evaluate materials sources, 
provide preliminary design information, or verify proposed 
material mixes. 

Independent Assurance Tests are mandated by FHWA and are 
used as Quality Assurance measures against which project 
acceptance tests are compared. The Independent Assurance 
Tests must be performed independently of the project 
acceptance tests. 

Correlation Tests are used to perform quality assurance on 
laboratories. For every five project acceptance test 
samples, one sample is sent to a laboratory other than the 
one performing the project acceptance tests to provide a 
measure for result comparison. 

The Independent Assurance Sample Tests and Correlation Sample Tests 

provide ADOT with a means for ensuring that test results are accurate. The 

Independent Assurance Tests are performed in a ratio according to the number 

of acceptance tests performed, for example, for every forty acceptance 

samples, one independent assurance sample is taken and tested in a laboratory 

other than the one performing the acceptance testing. Independent Assurance 

Testing is mandated by FEWA and monitored by FBWA representatives. 

Correlation Testing has been established by ADOT to provide internal control 

over the testing performed at the multiple laboratories throughout the state. 

For every five acceptance samples tested, one correlation sample is sent to a 

different laboratory. The results of the correlation and acceptance samples 

are compared to each other and major differences in reeults are investigated. 

The Construction Materials System will support operations in four types of 

off ices : 
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Central office located in Phoenix contains a large 
laboratory and several administrative sections 

Four district offices which contain a large laboratory and 
support their respective districts 

Area offices which contain smaller laboratories and support 
testing for multiple projects 

Project offices which are set up at a specific construction 
site and contain very small laboratories that support 
testing for the project. 

ADOT district, area and project offices are geographically dispersed 

across the state. The size of the state of Arizona complicates the current 

communication of material testing requirements and results among offices. 

Exhibit 1-2 presents a map of the state with each ADOT district, area, and 

project office identified. This exhibit includes the district, area, and 

project offices in place at the time of this report. One of the primary 

concerns in providing access to the Construction Materials System is the 

ability to support the frequent relocation, movement, or creation of a project 

office or materials testing laboratory. These facilities may be moved or shut 

down based on the location of the ADOT construction projects. The 

construction materials system and supporting architecture must support timely 

movement and installation of computer and communication equipment at these 

locations. 

1.4 SKEMAU OF BU- 

The proposed computerized system will support the materials testing and 

quality assurance functions performed by Highway Operations. Currently, 

automated support of these functions is limited. Through the proper use of 



technology, many of the bueiness problems that exist can be eliminated. These 

business problems are summarized below. 

Decisions are based on incomplete information. 

The quality of information is inconsietent, 

There is often duplication of effort because information is 
not available, e.g., the same data is manually written and 
massaged several times by several people. 

Needed support from information is unavailable or difficult 
to obtain, e.g., to address claims in courts. 

Clear audit trails are not present. It ie difficult to 
track information from its source through its flow to any 
destination. 

It is difficult to analyze data. There is currently no 
capability to extract relevant information and produce 
exception reports. Forecasting and trend analysis are 
difficult if not impossible. 

Test results, both current and historical, are not easily 
accessible. 

It is difficult to comnunicate test results among central, 
dietrict, and project offices. The only form8 of 
comaunication are radio, inter-office mail, and telephone. 

There is a question of credibility of data since most of it 
is manually maintained, calculated, and verified. 

It is difficult to control private consultant laboratories 
w e d  by AWT eince procedures are completely manual. 

Laboratory testing is currently mpported by an automated system that runs 

under MS-DOS on IBM or compatible microcomputers. This system, called 

Construction Materials Testing (CMT), represents the firet attempt to automate 

the capture of material testing results in the field laboratories. Several of 

the ADOT laboratory sites have acquired a microcomputer in order to use this 



system; however, the system has not provided adequate functionality to support 

ADOT's information and reporting requirements. 

In 1987, ADOT performed a study to determine a strategy to improve the 

consistency and timeliness of construction materials reporting and quality' 

assurance on construction projects. The study identified and documented 

business problems related to materials management that could be improved upon 

or eliminated through proper use of technology. 

In 1988, AWT initiated a project with objectives to develop a technical 

concept and specifications for the concept that will best support materials 

management. The concept and specifications are described in this report. 

1.6 C O N 0  

The architecture that will provide automated support of the materials 

management functions includes the following components. - 
A central processor will support the major laboratory information 

management system functions. The central processor will hold all validation 

files, epecifications, calculations, and on-line screens that will support 

laboratory testing. The central processor will act as the repository for a l l  

data in an inmediate, near real time mode. Instruments used for testing, 

e.g., balances, will eventually be connected to microcomputer workstations or 

proprietary instrument couplers through RS232C ports for automatic data 

retrieval. 

1 W o r k s t a t k  

Intelligent microcomputers will act as workstations in the proposed 

system. These workstations will allow access to the laboratory system central 

processor, ADOT's existing Amdahl mainframe, and ADOT's existing Wang VS 

minicomputer. Usere with access to the laboratory system on the central 



processor should not be required to use a different workstation to access 

another system running on a different host computer. The laboratory system 

workstations will also be able to act as etand-alone microcomputers which can 

process data downloaded from the laboratory eystem central processor. The 

universal workstation will have the capability to be networked on a local area 

network. The workstation will also be used as a backup proceeeor for critical 

functions of the system in the event that the central processor is unavailable. 

I l a t c r .  

A data comnunication network will provide m t i v e  comnunication from 

district, area, and project offices to the central proceesor. Remote offices 

can use dial-in capabilities to access the central processor, however, the 

sites that are more permanent, e.g., area and project laboratories that will 

be in the same location for a year or more, should be included in the network 

through a leased line connection, multi-drop or point-to-point. An appro- 

priate network must provide reliable comnunication among the central, 

district, area, and project laboratories in a timely and dependable manner. 

Several off the shelf software packages have been developed to provide 

laboratory automation support. The proposed eyetem should be based on a 

conmercially available laboratory information management system (LIMS) package 

that can be customized to meet the needs of ADOT's material testing 

functions. The package must be a conmercially available package that runs on 

a central processor and is in production at multiple eites. 



This section of the report describes the specifications for the system. 

In subsection 2.1, each component of the architecture is explained. 

Subsections 2.2 and 2.3 provide supporting detail and general requirements for 

the entire architecture. 

3.1- FOR Cm- 

The hardware and software architecture will consist of a central processor 

comwnicating with intelligent workstations located in the laboratories and 

offices throughout the state. The Construction Materials System will be built 

around a Laboratory Information Management System on the central proceesor. 

a1 P r w s o r  with hUUgm$ Workstatione 

The ideal architecture to support the Construction Materials System 

consists of a processor in the central office serving as the data storage hub 

for a network of construction materials intelligent workstations throughout 

the state. The intelligent workstations function as a terminal device 

attached to the central processor. Exhibits 2-1 and 2-2 present graphic 

overviews of poseible architectures that can meet the need# of the system. 

The architecture is comprised of 8 set of microcomputer worketatione 

located at central, district, area, and project offices across the state. The 

workstation acts as a standalone microcomputer to run applications such as 

Lotus 1-2-3 and DBase 111, to perform system backups, and to emulate a 

terminal to access the central proceesor. The central processor manages the 

storage and retrieval of construction materials information. The central 

processor hardware cons.tsts of a large processing uait connected to a series 

of direct access disk device#, a tape drive unit, and a commmications network 







control device. The central processor may be the existing Amdahl mainframe, a 

minicomputer, or a comparable central processor. The proposed central 

processor must be completely justified by the vendor, i.e., why should the 

mainframe be used or why should a separate proceseor be used. If the 

mainframe is proposed, the impact of the new system on current operations must 

be fully described. Each laboratory and ADOT office may access the test 

results by dialing into a terminal multiplexer. Those AWT off ices that 

perform a high volume of materials testing or need eesentially full-time 

access to the Construction Materials System can be connected to the central 

processor by a leased line facility as discussed in the data comnunications 

network subeection. Once the remote user is connected to the central 

processor, he/she has access to the Construction Materials Syetem and data 

bases as well as all other central proceesor software product8 such as 

electronic mail. Authorization for the Conetruction Material System and files 

is controlled by a set of system security tables. The user is required to 

enter a valid user identification and paesword prior to being granted system 

access. 

The central processor will be located in the central laboratory building 

or in the computer room and will execute the LIMS software. The hardware 

requirements for the central processor are as followe: 

Support main memory of at least 16 megabytee 

Support 32 bit word for maximum execution speed and accuracy 

Support a minimum of 60-90 eimultaneous users 

One tape drive (1600/6250 bpi) 

A m i n h  of two disk drivee with a total etorsge capacity 
of at leaet 800 megabytes 



One 600 line per minute impact printer 

Ability to connect at least 150-200 workstations and a 
minimum of 14 RS232 devices 

Protocol converter hardware which eupports IBM SNA 
comunication if ncessary depending on type of hardware 

Protocol converter hardware which supports Wang 
communication if necessary depending on type of hardware 

Support connection of a local area network bridge. 

The software requirements for the central processor include: 

Third Generation Language Compiler (e.g., FORTRAN or COBOL) 

SNA Gateway - software required to support protocol 
conversion from the central proceeeor protocol into SNA 
format for comtmication with the Amdahl mainframe 

Statistical Analysis - a statistical analysis package must 
be installed to support laboratory analysis, reporting, and 
graphics 

FileTransfer-softwaremustbe  installed toeupport the 
following transfers of information: 

- Microcomputer to central proceesor 
- Central processor to microcomputer 
- Central processor to Amdahl mainframe 
- Amdahl mainframe to central processor 
- Central proceseor to Wang minicomputer - Wang minicomputer to central processor. 

Database - contingent upon the LIMS software selection, the 
appropriate data baee management software must be installed. 

Performance Monitor - Utilities must be inetalled to 
support the monitoring of a performance "bottleneck" on the 
central processor. This monitor must be capable of 
reporting on at least: 

- Active programs 
- 1/0 activity 
- CPU usage by program 
- Memory usage 
- Terminal usage by user. 



The central processor is the major component of the day to day data 

capture for the laboratory testing process. It is imperative that the 

selected central processor be capable of supporting the peak testing work load 

in the laboratory. The selected processor must provide enough excess capacity 

to handle peak period processing in the laboratory and a growth in activity on 

the system which should be expected to occur at a rate of 10% annually. 

The microcomputer workstations will function as: 

Standard standalone microcomputer (e.g. to execute Lotus or 
DBASE applications) 

Central processor terminal 

Mainframe terminal 

Wang minicomputer terminal. 

The workstations will also have the capability to share peripherals, 

software, data, and functions available from local area network application 

software. The hardware requirements for the workstations are as follows: 

Upgrade the existing microcomputers and add new 386-based 
MS-DOS compatible workstations so that each workstation 
contains at least: 

- 640K of memory (RAM) 
- 20 megabyte hard disk 
- Color graphics card 
- Color graphics monitor 
- One RS232 card (only for workstations to be interfaced 

to testing equipment) - 132 character parallel printer (minfmrrm speed 200 
characters per second draft quality) - Microcomputer oriented hardware/software to support 
connection to central processor (e.g., controller, 
modem, Ethernet card). 

The microcomputer worketatione will initially run the 
MS-DOS microcomputer operating system. We have recomnmded 
386-based microcomputere because of their proceseing speed 



and support for memory expansion. The typical laboratory 
user will use a set of microcomputer tools (e.g., 
spreadsheet, word processing, etc.) to supplement the 
Construction Materials System. The efficiency and 
expandability of the 386-based series of microcomputers 
provides a strong f ounciation for the labors tory computing 
requirements. 

Exhibit 2-3 provides a srmmary of the proposed workstations and their 

locations. 

oratorv Inf-t S-0 Package 

The ideal architecture includes a packaged LIMS product to manage the 

update and Inquiry of materials test results on the central processor. This 

architecture also requires the development of backup software for the 

microcomputers to allow remote laboratories to continue testing with automated 

support should the central processor system be unavailable. Since it ie to be 

used for backup only, the microcomputer software will only support major 

testing functions. This backup software will only be used if the host system 

is unavailable; normally the central processor system would be used to support 

laboratory testing. 

The LIHS package should support as much as poseible the inputs, processes, 

logical data structures, and outputs described in Sections 3, 4, and 5 of this 

report. In addition, the LIMS package should have the following capabilities: 

Set of modifiable menus that control LIMS proceseing 

Ability to add custom wer routines written in a third 
generation language 

Ability to accept and process RS232 input with minimal code 
modifications 

. Ability to store active and historical samples in separate 
data bases 
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Security features which restrict the functions (e.g. 
inquire versus update) a user may perform within the LIMS 
based on a set of criteria associated with the ueer'a logon 
identifier 

Utility to build extract files for processing outside of 
the LIMS package 

A set of "base" reports which ADOT can build on. These 
base reports must include: 

- Worksheets 
- Sample tracking reports - Test results 

Batch data base update and reporting 

Ad hoc reporting and query capabilities 

Ability to easily add or change calculatione performed for 
any given laboratory test without recompilation of programs. 

A package will require some degree of customization to support the 

following: 

Automation of instrument data collection 

Tailoring of screens and menus 

Tailoring of test procedure screens and calculations 

Addition of statistical analysis reports 

Creationandprintingof standardreports. 

Since the choice of LIMS software is limited by the hardware 

configuration, the central processor herdware and LIMS software should be 

proposed as complfmentary products. 

The central proceseor conmunications equipment should be able to handle a 

high volume of network traffic. Construction materials users will acceso the 

network by connecting a workstation to the commmication controller over a 



dial-in line using a modem. If the user is connected to the central processor 

by a leased line, the terminal does not require a dial-in procedure and the 

user may access the system directly entering hislher userid and password. 

The central processor should contain the appropriate hardware and software 

components to support conmunication with the existing AWT computers, 

specifically, the Wang minicomputer and the Amdahl mainframe. The Wang 

minicomputer and Amdahl mainframe contain several of the contracts and 

specifications system files required to create the materials sample 

checklist. The Amdahl mainframe also contains moat of the existing ADOT 

production applications which may need to be interfaced to the Construction 

Materials System in the future. By supporting commmication with existing 

computers, a single physical workstation will function as a terminal to all 

application systems. 

None of the materials laboratories are currently supported by the ADOT 

network. In some locations, e.g., in District One, network support would 

require installation of several additional coaxial connections to the 

laboratory. In most other locations ADOT will be required to lease new phone 

lines, purchase conrmunication controllere for the laboratory, purcbase 9600 

baud modems, and provide connections to the AWT commmicatione front end 

processor in the data center. - 
The most important requirement of the automated Construction Materials 

System is to capture and dieseminate construction materials testing 

information to ADOT locations throughout the state. In addition to storing 

and reporting materials related information, the system will provide support 

for automated data capture from test equipment in the laboratories. The 



leading candidates f o r  automated da t a  capture a r e  the devices which produce a 

d i g i t a l  readout. Many Mettler and American S c i e n t i f i c  balances located a t  the 

AWT laboratory s i t e s  across  the s t a t e  produce a d i g i t a l  readout. Dig i ta l  

s igna l s  produced by these balances may be captured by at taching an RS232-C 

cable from the back of the balance t o  a microcomputer workstation o r  a 

propr ie ta ry  instrument coupler. 

High volume use of balances occure during coarse and f i n e  aggregate 

t e s t i n g  i n  the cen t r a l ,  d i s t r i c t ,  and area  laborator ies .  Exhibit  2-4 presents 

a l i s t  of the high volume tes t ing  a reas  i n  each laboratory and the equipment 

t h a t  is cur ren t ly  in  use a t  each of these s i t e s .  The exhib i t  shows tha t  many 

labora tor ies  have mechanical balances i n  the coarse o r  f i n e  aggregate t e s t i ng  

a reas  t ha t  w i l l  not  support the automated capture of balance readinge. A s  

ADOT prepares t o  replace the older  mechanical balances,  the epec i f ica t ions  f o r  

replacement equipment w i l l  include a requirement f o r  an RS232 port .  The 

Conetruction Materials System and a rch i t ec tu re  should include support f o r  

automated da ta  capture f o r  those high volume t e s t i n g  devices which have a 

d i g i t a l  readout, and the poten t ia l  t o  support addi t iona l  devices a s  mechanical 

devices a r e  replaced by d i g i t a l  readout devices. 

In addi t ion t o  the  balances used f o r  aggregate t e s t i ng ,  the  Forney 

concrete cyl inder  breaker i n  the D i s t r i c t  One laboratory performe a high 

volume of tee te .  This piece of equipment produces a d i g i t a l  readout on the 

Forney terminal. The Forney terminal does not  have an RS232 por t  t o  allow 

capture of the d i g i t a l  readout, however, an RS232 i n t e r f ace  card can be 

adapted t o  the Forney device t o  allow capture of the d i g i t a l  readout. 
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Exhibit 2-4 

INSTRUMENT HARDWARE INVENTORY 

NmES 
1) The Toledo scales and Forney machines in Distrcit 2, 3, and 4 

are mechanical and cannot be interfaced to computers. 

- 

Laboratory 

Central 

District 1 

District 2 

District 3 

District 4 

Testing Area 

Coarse Aggs 
F i  Aggs 

Coarse Aggs 
F i e  Aggs 
Cyl. Breaks 

Coarse Aggs 
Fine Aggs 
Cyl. Breaks 

CoarseAggs 
F i  Aggs 
Cyl. Breaks 

Coarse & g s  
Fme Aggs 
Cyl. Breaks 

Description 

Toldeo 30kg 
Mettler PE11 

Meltler PE24 
Meltler PE16 
Fomey QC400D 

Toledo 20kg 
Toledo 5kg 
Forney FT31DR 

Toledo20kg 
Toledo 5kg 
Forney FT31 DR 

Am. Sci. SP41 
Am. Sci. SP20 
Forney FT400 

Interface 

None 
RS232 

RS232 
RS232 
RS232 

None 
None 
None 

None 
None 
Norm 

RS232 
RS232 
None 

Notes 

CaMe + PC card 

Cable + PC card 
Cable + PC card 
Custom Interface 

Cable + PC card 
Calbe + PC card 



- 
The Construction Materials System is designed to greatly enhance the 

laboratory's throughput of sample testing by using state-of-the-art computer 

technology. Certain data elements can be identified for bar code label 

printing (e.g. project number, sample number, etc.) to support additional 

streamlining of the sample log and data retrieval process. These bar code 

labels would be created in the district offices, using a microcomputer 

workstation to generate the actual label at a local printer. The architecture 

should support generation and reading of bar code labels at each district 

laboratory and at the central laboratory, for a total of five workstations. 

Additional workstations should have the capability for adding the hardware and 

software necessary for bar code label generation, for future use. 

d Beld Data Collectipa 

There is a large volume of Construction Materials System data that is 

collected at the project site. Currently there are no terminals available at 

these sites during the testing process, however, the implementation of a hand 

held data capture device would allow project staff to directly enter their 

test results in a computer unit, return to an office and upload the collected 

data to the Construction Materials System w i n g  a microcomputer and a modem. , 

In addition, the hand held computer could be progranmed to perform any 

calculations that are currently being done by hand. The architecture should 

include support of hand held data collection devices with the following 

specifications: 

Can be attached to serial or parallel port on workstation 
Contain at least 64K RAM storage 
Support a development language (e.g., BASIC) 
Contain at least a 32 character dirplay 
Support data transmission at 1200 bits per second (bps) 
Support attachment of a bar code scanner. 



The number of hand held data collection devices has not been estimated at 

this time, however, the vendor's architecture should describe the proposed 

hand held data collection device, the method for interfacing to the 

Construction Materials System, and provide a cost per complete unit. 

Following are characteristics that must be part of the Construction 

Materials system and supporting architecture. 

The system should be capable of supporting RS232 interfaces 
between testing equipment and computers so that automatic 
retrieval of instrument readings is possible. 

The system should be menu driven with full formatted screen 
input capabilities. Menus should be optional, i.e., users 
who are familiar with the system can bypass menu. 

All input fields should be edited with interactive 
correction capabilities and highlighting of erroneous 
fields. 

The system should be capable of supporting bar code reading 
and bar code generation at selected workstations. 

The system should allow automated interfaces to existing 
ADOT application systems, regardless of the computer that 
those systems run on. 

The system should support statistical analysis and graphics 
capabilities. 

The system should provide word processing and electronic 
mail capabilities. 

Remote printing capabilities must be a feature of the 
hardware and software configuration so that users can 
obtain hard copies of reports, queries, and screen images 
at all nodes on the network from local printers. 

Controls must be designed into the system to ensure that 
data is not acceseible until authorized by the originator 
of the data. 

On-line help screens muet be designed into the system. 



The architecture must be configured such that the central 
processor can be expanded with minimal service disruption. 
The impact of the addition of intelligent workstations to 
the network should be determinable. 

The architecture must allow automated job scheduling, 
performance meaeurement and tuning, problem diagnosis and 
tracking. 

The LIMS package should be structured around a DBMS which 
provides backup and recovery featuree. The DBMS should 
support programaing in a third generation language, in 
addition to the language that the LIMS package is written 
in. Several of the users of the system will desire to 
write additional applications in a third generation 
language. The DBMS should support both interactive and 
batch access. 

The architecture must address disaster recovery, e.g., what 
is a reasonable time for replacement of componente in the 
event of a partial or complete disaster. 

The architecture must include hardware and software to 
allow Construction Materials System data to be transferred 
to the intelligent workstationa for use in microcomputer 
software, and the Amdahl mainframe for uee in other 
automated applications and the Wang minicomputer. 

The architecture must address backup capabilities. To 
ensure continued support for laboratoriee in the event of 
hardware, comnunication, or software problems, major tests 
will be supported through backup software on the 
intelligent worketatione. 

Following are the basic resource requirements to be used in sizing system 

components. 

m e r  of Svetem U e e u  - based on interviewe and analysis, 
the estimated number of users during the first two years 
will be approximately 150-200 total users and 60-90 
concurrent ueere during the day. The processor muat be 
sized based on this estimated nmnber of concurrent users. 

W e r  of b a m m & h ~  - based on the expected volume of 
100,000 tests per year, the Construction Materials System 
will perform approximately 400-500 laboratory transactions 



per day and 100-200 inquiry transactions per day. Response 
time requirements are to be based on the relative 
complexity of a transaction. A sample/test inquiry or 
update screen should be processed with a one to five second 
response time. An ad hoc query or report that requires the 
system to procees many samples/tests may reasonably take 
well over a minute to complete. 

Disk S- - based on the estimated volume of 100,000 
tests per year and the requirement to store two years of 
data online, the estimated disk storage requirements are 
700-800 megabytes for the application data base and 
approximately '50 additional megabytes for the system and 
application files. Each additional year of online data 
will require approximately 400 megabytes. 



This section provides a description of system inputs. There are two types 

of input to the system including data entry on system workstations consisting 

of bar coded label reading and keyboard entry into formatted screens, and 

automatic capture of data from interfaced instruments. 

if ication b b r a m t  ion 

Description: A pre-printed identification card will be associated 
with each sample to be tested at the laboratories. 
The identification card will contain sample 
characteristic information such as unique number, 
project code, material type, date of sample, and 
location sampled. A unique identification number will 
be pre-printed and bar coded on the form when the form 
is printed. Other information will be written on the 
form or generated in a bar coded label that will be 
attached to the identification card. 

Origin : Construction project, district, design unit 

Platf o m :  On-line entry and bar code reading of information at 
site closest to origin of sample 

Frequency: Daily 

Volume : 75,00O/year 

Edit/Validation 
Required: Project number 

Material Type 
Pit number 
Station number 

Description: ,Several pieces of data will be validated against 
validation tables containing all available values. 
These tables will be created automatically through 
interfaces to other computer systems, or created and 
maintained by syetem users through on-line data entry 
screens. These tables include material types, test 
specifications, and test codes. Each table will 
contain the code and an optional description. 



Origin: Material system users  

P la t f  om:  On-line en t ry  in to  cen t r a l  processor 

Frequency: Updates a s  required 

Volume: Minimal a f t e r  i n i t i a l  creat ion 

Validation: Codes edi ted f o r  format, e.g., code must be numeric 

Samvle Checklist  Modifications 

Description: The sample checkl i s t  w i l l  be automatically generated 
by the system (see System Outputs); however, the 
system must allow on-line modification of the sample 
checkl i s t  so tha t  d i s t r i c t  mater ials  engineers and 
resident  engineers can make changes and updates a s  
necessary. 

Origin: Resident engineers, d i s t r i c t  mater ials  engineers 

Platform: On-line en t ry  i n t o  cen t r a l  processor 

Frequency: Daily 

Volume : 120 Checklistelyear 

Validation: Materials type, format as needed 

Description: Contractors perform t e s t s  on mater ia l s  used i n  the 
construction process. Some users  may wish t o  maintain 
contractor  t e s t  r e s u l t s  f o r  comparison t o  i n t e rna l  
t e s t  r e su l t s .  The system murt allow f o r  the en t ry  of 
contractor  t e s t  r e su l t s .  

Origin: 

P la t f  om:  

Frequency: 

Volume : 

V a l  i d a t  ion: 

Contractors 

On-line en t ry  o r  f i l e  t r ans fe r  

Daily 

Lower volume than in t e rna l  t e s t a  

Format a s  needed f o r  var ious t e s t  types, e.g., numeric 
checks, range checks, e t c .  



Description: The Materials Section maintains a list of approved 
mater ials .  The approved mater ials  w i l l  be entered and 
maintained in  the system through on-line data  en t ry  
screens. 

Origin: Materials sect ion 

Platform: On-line entry i n t o  cen t r a l  processor 

Frequency: A s  needed 

Volume : 1,000 t o t a l  e n t r i e s  

EditIValidation 
Required : Material  type 

Description: The Pavement Services u n i t  of the Mater ials  Section 
c rea tes  the Material  Design Memorandum which contains 
information used by the pro jec t  designer. The system 
w i l l  allow on-line access t o  the document so t h a t  i t  
is  ava i lab le  t o  the res ident  engineer who is 
ultfmately responsible f o r  the project .  

Origin: Pavement services  

P la t f  o m :  Word processing document t h a t  is e i t h e r  d i r e c t l y  
entered i n t o  the cen t r a l  processor o r  t ransfer red  t o  
the cen t r a l  processor 

Frequency : Accese a8 needed 

Volume : 400 memorandums/year 

Edit/Validation 
Required : Project  number muat be v a l i d  

Description: The most c r i t i c a l  f ea tu re  of the system i s  mater ial  
t e s t i ng  support. Raw t e s t  data  w i l l  be entered i n t o  
the system where ca lcu la t ions  and comparison t o  
spec i f ica t ions  w i l l  be  performed. 

Origin: 

Platform: 

Test equipment, laboratory technician 

Automated in te r face  between t e s t  equipment and system 
(see subsection 3.2). on-line en t ry  f o r  t e s t s  
performed on equiptent not  interfaced. 



Frequency: Daily 

Volume : 125,000 tests/year 

Edi t/Validat ion 
Required: Numeric edits, range and reasonableness edits 

Description: Sampling frequency specifications will be maintained 
in the syetem and used to generate the sample 
checklist. For example, for each 1750 tone of asphalt 
cement, 17 acceptance tests are.needed. 

Origin: Material system users 

Platf o m :  On-line entry into central processor 

Frequency: After initial system implementation, as needed 

Volume: 100-200 material types 

Edit /Validat ion 
Required : Muet be a valid material type 

ion No- 

Description: Calculations are performed on raw test data to produce 
test results. As test procedures change, users should 
have the ability to make on-line modifications to 
calculations. 

Origin : 

Platform: 

Frequency: 

Volume : 

Validation 

u h o e a b l  

Description: 

Origin: 

Material system users 

On-line entry into central processor 

As needed 

Minimal after initial syetem installation 

Format as needed 

Contractors submit concrete and asphaltic concrete mix 
designs to resident engineers for approval and 
verification through testing. The system must provide 
for the entry and maintenance of mix designs. 

Contractors submit to resident engineers 



Platf o m :  On-line entry into central processor 

Frequency: As needed 

Volume: 200-300 mix designs/year 

Edit/Validation 
Required : Format of fields 

3.2 INS- 

All conmunication with the LIMS will be conducted through microcomputer 

workstations to a central processor. Menus which control both the automated 

instrument interfaces and the LIMS data input will be displayed on these 

workstations located throughout the state in laboratories and offices 

(reference workstation distribution shown in Exhibit 2-31. 

Exhibit 2-4 presents an inventory of the laboratory instruments from which 

an automated interface process to capture data would be beneficial. Equipnent 

with RS232 capability in the project laboratories can be added at any time 

once the interface software has been developed. As this exhibit illuetrates, 

instrument interface inputs will be captured using an RS232 connection on the 

microcomputer workstation. The majority of the laboratory areas will have one 

microcomputer workstation per instrument. For theae areae. an RS232 card will 

be installed in the microcomputer workstation to allow the interfaced 

instrument to be connected directly to the workstation. For areas (primarily 

larger laboratories) where multiple instruments could be interfaced into a 

single microcomputer workstation, an instrument coupler device could be 

installed. The instrument coupler will attach into a single RS232 port (card) 

on the workstation. Multiple RS232 devices may be attached to an instrument 



coupler. The instrument coupler device contains the log ic  required to  manage 

da ta  co l l ec t ion  from mult iple  instruments. 

The following b u l l e t  items discuss the input in te r face  required f o r  the 

instruments l i s t e d  i n  Exhibit 2-4. 

Mettler.  Toledo. A m e r i c a n  S c i e n t i f i c  Scalfa - Several 
s c a l e s  a r e  used p r io r  t o  t e s t i ng  and hence do not require  
in te r fac ing ,  (e.g., weigh 12 oz. of mater ial  f o r  subsequent 
t e s t i ng ) .  Many of these sca l e s  do not  support RS232 
upgrades; however, s ince an in t e r f ace  is not benef ic ia l ,  
upgrades a r e  unnecessary. Scales used t o  obtain weights 
used in  ca lcu la t ions  w i l l  provide benef i t s  by being 
interfaced.  Several sca les  contain an RS232 port  a t  the 
back of the un i t ,  and o thers  may be upgraded t o  support 
RS232 conmunicatione by adding a c i r c u i t  card t o  the 
sca le .  For these sca les ,  RS232 input w i l l  be captured by 
connecting a 25-pin RS232 cable from the back of the sca l e  
t o  the RS232 por t  on the microcomputer workstation (o r  
instrument coupler). The input from the sca l e  readings may 
be captured by pressing a function key on the workstation 
keyboard o r  pressing a spec ia l  switch a t  the s ca l e  
depending on placement of equipment and workstations. Once 
the  input reading i s  captured a t  the workstation i t  w i l l  be 
handled l i k e  an item of data  entered a t  the terminal (e.g., 
editcl o r  ca lcu la t ions  may be performed). The information 
w i l l  then be s tored  on the LIMS da ta  base. 

- Forney equipment is used t o  perform concrete 
cyl inder  breaking. The Forney equipment requires  an analog 
t o  d i g i t a l  i n t e r f ace  t o  support data  capture w i n g  an RS232 
por t  on the workstation. Once the equipment is connected, 
the  da ta  input process w i l l  be s imi la r  t o  t h a t  used f o r  the 
sca les .  

There a r e  several  pieces of equipment t h a t  cannot be in te r faced  t o  

computers because the equipment is mechanical and does not  produce an analog 

o r  d i g i t a l  readout. In some labora tor ies ,  s ca l e s  with d i g i t a l  readouts a r e  

ava i l ab l e  but  a r e  being used f o r  weighing tha t  i s  not  pa r t  of the  ac tua l  

t e s t .  These sca les  can be moved i n t o  the a reas  t h a t  a r e  doing the t e s t i ng  



t h a t  w i l l  b e n e f i t  from inetrument i n t e r f a c i n g .  In o t h e r  l a b o r a t o r i e s ,  t h e  

i n t e r f a c e  cannot b e  e e t a b l i s h e d  u n t i l  the  equipment is upgraded. 

An RS232 i n t e r f a c e  r e q u i r e s  t h e  development of some computer sof tware  t o  

i n t e r p r e t  the  RS232 s i g n a l s  s e n t  t o  t h e  computer. S tandard iza t ion  of 

equipment w i l l  a l low t h e  i n t e r f a c e  sof tware  t o  b e  developed f o r  a s p e c i f i c  

type  of equipment and then used on a l l  o t h e r  equipment of t h e  same type. 



This sec t ion  of the report  provides conceptual descr ipt ions of processes, 

system in te r faces ,  and log ica l  da ta  s t ruc tures .  - 
This subsection of the report  presents high l eve l  da t a  flow diagrams which 

depict  the data  generated and moved through the system and the processes t o  be 

performed by the system. Three symbols a r e  used on the da t a  flow diagram. A 

square i s  used t o  represent a source o r  des t ina t ion  of da ta ,  such a s  a user,  

another system, o r  a locat ion.  A rectangle with rounded edges represents a 

process performed on the data .  An open ended rectangle represents  a data  

s to re ,  such a s  a repor t ,  database, o r  f i l i n g  cabinet .  Data moving among the 

sources,  processes, and da ta  s t o r e s  is shown on the arrows. 

Each process shown on the diagrams is numbered. The processes a r e  

explained i n  na r r a t ive  following the data  flows diagrams. During the d e t a i l  

design of the  system, each process should be f u r t h e r  decomposed and the 

corresponding inputs  and outputs should be depicted i n  screen and report  

layouts so  tha t  users  can review and approve them. Another task i n  design 

w i l l  be t o  def ine the physical da ta  s t ruc tu re s  and data  elements t o  be 

maintained i n  the system. 

The processes have been logica l ly  grouped together i n  an attempt t o  make 

the flow of the  system understandable. The processes have been grouped in to  

funct ional  areas  including: 

Laboratory Testing 

Management /User Reporting 

Quality Assurance 



Administration 

Central Off ice Functions. 

Each functional area is depicted in a data flow diagram. The data flow 

diagrams are included as Exhibits 4-1 through 4-6. 

Process 1: Set UD Sm&.a - Identifying information 
associated with the sample will be entered in the 
system. This information includes material type, 
project number, type of eample, and other infor- 
mation. Ideally, this information will i .- 
entered at the source, e.g., the project site, 
however, the system will allow the setup to occur 
at any node on the network. 

Process 2: Lon - Each sample to be tested will have 
an identification card associated with it. The 
identification card will contain a preprinted 
number that will uniquely identify the sample. 
The preprinted number will also be bar coded for 
use when bar code readers are installed. When 
the sample arrives in the laboratory, it will be 
logged in the system by keying in the preprinted 
number. The date and time received will be 
automatically recorded with the sample's 
identifying number. This will allow tracking of 
samples regardless of where or when they are 
tested. Eventually, this number and other 
identifying infonnation will be read by a bar 
code reader. 

Process 3: M f v / S e t u ~  Data - The identifying information 
associated with each sample will be available to 
the laboratory testing personnel, regardless of 
where the sample is actually met up. This 
information will be modifiable so that laboratory 
testers or supervisors can make necessary 
corrections. All such identifying information 
will be validated upon entry against comnon 
validation tables. 

Process 4: Elai- - Several types of data 
maintained within the eystem will require codee 
to be assigned for system integrity. For 
example, materials will be assigned codes to 
identify each unique material type. These tables 
will be used for validation of the data entered 
in the system. The codee will be maintained in 
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t ab les  i n  the system. For each required tab le ,  
an on-line code maintenance capabi l i ty  w i l l  be 
provided. Alphabetic search capab i l i t i e s  w i l l  
a s s i s t  i n  the iden t i f i ca t ion  of codes so t h a t  
users  can e a s i l y  f ind  the codes tha t  they need o r  
the da t a  associated with the code. 

Process 5: N d a t e  Tables From Ext- - Some of the 
tab les  needed f o r  va l ida t ion  of the Construction 
Materials System da ta  w i l l  be created i n  batch 
processes by ex t rac t ing  data  form other  systems. 

Process 6: PerforerLabotator~ Teata - A l l  t e s t e  performed i n  
the laboratory have work cards aeeociated with 
them. The work card information co l lec ted  a s  the  
t e s t  is performed w i l l  be entered i n  the system 
on formatted screens and through automatic da t a  
r e t r i e v a l  through equipment in te r faces .  Calcula- 
t ions  associated with each t e e t  w i l l  be perfor- 
med. Results w i l l  be compared t o  epecif icat ione 
and t e s t s  s t a t u s ,  e.g., f a i l ,  pass, o r  border- 
l i ne ,  w i l l  be recorded with the sample t e s t  
r e su l t s .  Hard copies of the work cards w i l l  be 
ava i lab le  from the system on request.  

Process 7: M o d i f v l e  S t a tus  - The s t a t u s  of a sample 
w i l l  be maintained by the system and modifiable 
by the authorized system users ,  e.g., the system 
w i l l  keep t rack of whether the eample has been 
tes ted ,  the r e s u l t s  ve r i f i ed ,  e t c .  Resulte w i l l  
no t  be ava i lab le  f o r  general inquiry u n t i l  
approved by the user. 

Process 8: Perform Reteets - Occasionally samples a r e  tes ted  
and r e s u l t s  ind ica te  t h a t  there  w a s  an e r r o r  i n  
tes t ing .  In t h i s  s i t ua t ion ,  the sample may be 
retested.  The system w i l l  have the capabi l i ty  t o  
perform a r e t e s t  on the sample and save the 
r e s u l t s  of both the or ig ina l  t e s t  and the r e t e s t ,  
and assoc ia te  both s e t s  of r e s u l t s  t o  the 
o r ig ina l  sample. 

Process M I :  -in_Besulta - Authorized t e e t  r e s u l t s  w i l l  be 
ava i lab le  t o  system users.  A hard copy r e s u l t  
report  w i l l  be automatically pr inted i n  the 
project  o f f i c e  a f t e r  the r e s u l t s  a r e  authorized. 
Individual sample r e s u l t s  w i l l  be ava i lab le  f o r  
on-1 ine  inquiry. 





Process 2: Ptoduce Failed Test ReDort - Failed test and 
cautionary test results will be printed on a 
failed test sumnary report and printed in the 
project office. The system will automatically 
determine the statue of a test by comparison to 
material specifications maintained by the system. 

Process 3: =ce Material - Summary material logs 
which show test results for a particular material 
type will be produced by the system. These 
sununary logs will be based on parameters such as 
date range, material source, contractor, and 
project . 

Process 4: ce Statistical W o r t a  - The system must be 
capable of producing statistical reports such as 
straight line charts, histograms, and normal 
curves. The capability to print these reports 
will be limited to those locations with the 
adequate graphics printers; however, they may be 
generated from any location. Users must be able 
to select parameters such as material type, date 
range, contractor, or project for a statistical 
report. 

Process 5: Perform - The system must 
have ad hoc query and reporting capabilities so 
that w e r e  can perform querying and develop 
reports without requiring assistance from 
information systems professionals. 

Process 6: Track - Users of the Construction 
Materials System will be able to track samples at 
any time from any node in the network. By 
entering the desired sample'e unique identifi- 
cation number or other unique information such as 
project number, material type, and date, the user 
can view the status of the sample, e.g., received 
at laboratory, tested but results not yet 
approved, or not yet tested. 

Process 7: Produce F I l W A ~ o r t e  - The availability of the 
materials data will allow reports to be developed 
as necessary for F W A .  

Process Q1: orv Insgectim - As part of the 
Quality Assurance program, consultant, area, 
district, and project laboratories are inspected 
by Materials Section personnel. The system will 
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maintain a log of the inspections including 
scheduled and actual inspections. Answers to 
standard questions, should a standard inspection 
form be used, would be maintained as part of The 
inspection log. 

Process 2: ComDare Test Results - Correlation and indepen- 
dent assurance samples are tested in laboratories 
other than the project laboratory doing accep- 
tance testing. The results of the correlation 
and independent assurance sample tests are 
compared to the acceptance tests. The system 
will automatically compare the results of inde- 
pendent assurance and correlation tests to the 
acceptance tests and print exception report6 if 
the results are significantly different. There- 
fore, the system must have the capability of 
relating samples to other samples, e.g., when a 
sample is split for correlation testing. 

Process 3: m r o f  iciencv Test Results - Central 
Laboratory prepares samples and sends them to 
area and district laboratories to be tested as a 
quality control measure. These tests are called 
proficiency tests. The system will include the 
ability to maintain and analyze proficiency 
sample test results. 

Process 1: M o d i f v l e  ChtcLlist - The project off ice is 
responsible for maintaining the ample checklist 
(See Section 5.0) and updating it as the project 
progreeses, or at the end of the project. The 
checklist will be available to project off ice 
personnel for on-line review and modification or 
in hard copy form by request. 

Process 2: M o d i f v l e  Checlrlist - The system will 
automatically update the sample checklist as 
samples are tested. Failed test results will be 
associated with the sample checklist so that 
explanations for materials in non-compliance can 
be incorporated. 

Process 3: ModifvCalculations - As test procedures change, 
the system must have the flexibility to allow 
calculations to be adjusted by the users. 
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Process 4: vlDev- - Analytical 
capabilities of the system should assist in the 
development and modification of materials 
specifications. Specifications can be based on 
statistical methods since all test results will 
be available for statietical analysis. 

Process 5: le Fre- - The 
ability to automatically generate the initial 
sample checklist requires the maintenance in the 
system of sampling frequencies for acceptance and 
independent assurance eample by contract bid item 
and quantity. The system will provide on-line 
maintenance of the sampling frequencies, e .g., 
for concrete base, bid item number 305, slump 
tests should be performed for every truck load of 
concrete. 

Process 6: -f.er - Historso years of test result 
data must be available in the active sample data 
base. The specifications used for the tests must 
be associated with the test results to provide 
complete information about the tests. A n  
additional five years of historical test results 
data should be maintained in a history data 
base. The system must provide for the migration 
of data from the active to the history data base, 
and from the history data base to tape. 

Process 7: P r o v i d l e R e t  Testhg - Area and project 
laboratories prepare retention samples for their 
technicians who perform asphaltic concrete 
testing. The technicians perform tests and are 
assigned retention factors which are then added 
to the results of the asphalt content tests 
performed on construction project eamples. The 
system will provide the ability to assign 
retention factors that will automatically be 
added to the particular technician's results. 

Process 8: s Certification - Final materials 
certification is required for all projects, 
whether federally funded or not. The system will 
keep track of the status of the materials 
certification, e.g., district materials engineer 
has certified materials used on a particular 
project, but assistant state engineer for 
materials has not. 



Process 9: Track - The system will keep 
track of statistics such as number of tests 
performed by test type. These statistics will be 
available for reporting or feeding to other 
systems. 

Process 10: Track New Materials - New materials being tested 
by the Department must be tracked. The system 
should allow for the addition of new material 
codes and the tracking of new material test 
resul ts. 

Process 1: Matetial Source Informetion - Infor- 
mation for material sources, including comnercial 
plants and pits, will be maintained by the 
system. For each material source, the system 
will maintain the mix design, quantity of 
construction material w e d  from the source, 
results of materials tests for materials taken 
from the source, and projects uaing materials 
from the source. This information will be 
available for inquiry on-line. 

Process 2: Allow C-torv Partic- - 
Consultant laboratories should be required by 
ADOT to obtain a workstation that is compatible 
with the Construction Materials System so that 
they can use the system, and more importantly so 
that the test results are available to ADOT's 
users of the system. Full use of the system by 
consultant laboratories will provide ADOT with 
more control over the consultant laboratories' 
procedures. For example, calculations on raw 
test data entered at the consultant laboratory 
will be performed by the system and results 
compared to the appropriate specifications. 

Process 3: 6 - The 
system will provide users with the capability to 
send messages to other users on the network. For 
example, project office ueers will be able to 
send notification of concrete pours to the area 
or district laboratories electronically. This 
electronic mail capability will eupplement phone 
messaging and decrease or eliminate it as users 
become comfortable with it. 
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Process 4: Maintain- Test &iulh - Several 
field tests are performed at the construction 
site including nuclear density tests, sand cone 
and volumeter density tests, and concrete air 
content and slump tests. Ideally, the data 
collected as a result of these tests will be 
entered in hand held data collection devices, 
calculations will be performed by the device, and 
then raw data and results will be automatically 
loaded into the system when convenient. Hand 
held data collection devices are available; 
however, there are significant costs associated 
with adequate devices. The system will include 
the capability to enter the data at workstations 
as well as be modifiable to collect the data from 
hand held data collection devices without major 
revisions. 

Process 5: ain Conkactor Tests FbmdU - Contractors 
perform material testing as a quality control 
feature. Results of the contractor's tests will 
be optionally entered into the system so that 
they can be compared to the results of ADOT'e 
internal tests. Samples and results will be 
identified by type, e.g., IA ample, acceptance 
sample, contractor tested sample, correlation 
sample, so that it is clear to the ueer what is 
being analyzed. 

Process 6: Tracb - Comercia1 plants 
require periodic inspections by ADOT personnel. 
The system will track plant inspections and 
provide tickler reports when inepections are due. 

Process 7: Track Probct S m  - The system will allow 
inquiry of a plant to determine the projects that 
it is supplying materials to. 

Process 8: Provision S u e c U ,  - 
Projects often have special provisions that are 
incorporated into the contract and result in a 
change in the material specification. The system 
will provide the capability to enter special 
material specifications by project and material 
type. As tests are performed, the special 
specifications will be used rather that the 
standard epecifications for determining material 
compliance. Since the specification used for the 
test is to be maintained in the test result data 
base, the system must also allow special 
provisions to be associated with test results. 



Process 1: ate - The sample checklist 
provides a list of the materials to be used on a 
construction project and the sampling and testing 
frequency for the material. It also lists 
required certifications. This list will be 
generated by the system using the contract bid 
items maintained on the Amdahl mainframe. 
Materials Section personnel will print the 
checklist or view and modify it on-line. 

Process 2: te M a t U  D e e m  - The Pavement 
Services unit of the Materials Section creates 
the Material Design Memorandum which contains 
information used by the designers. The Project 
Engineers usually receive a copy of the design 
memorandum; however, occasionally the memorandum 
is not received by the project engineer who is 
actually in charge of the project. The system 
will allow the document to be created using word 
processing, selected by project number, arid 
viewed or printed at the project office. 

Process 3: --SDecifications - Specifi- 
cations for construction materials are published 
by the Highways Division in the Standard 
Specifications for Road and Bridge Construction 
manual. The system will provide on-line 
maintenance of those specifications that are 
needed for materials testing, e.g., grading 
limits for mineral aggregates by eieve sice. 
These specifications will then be used by the 
system in determining test result status, i.e., 
paes or failure of tests. The system must keep 
multiple versions of specifications mince 
on-going projects could be using different 
specification vereions. 

Process 4: Maintafn - Mix designs, which 
describe the types and ratios of the raw 
materials that make up concrete or asphaltic 
concrete, are verified by both central laboratory 
and district laboratories. The system will 
provide the capability to verify and maintain mix 
designs by contractor or manufacturer. The mix 
design can be reviewed or printed at any node on 
the network. 
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Process 5: roved M a t e r i a l s t .  New Pro- 
U t .  -al Product Liet - To assist in 
screening materials, the Materials Section 
maintains a list of approved epecial materials 
such as epoxies and cement additives. The 
Transportation Research Center also keeps track 
of new end experimental products. The system 
will provide on-line maintenance and inquiry of 
the approved materials, new, and experimental 
products lists so that any node on the network 
can access the information. 

Process 6: ic Matetial - The.Traffic 
Engineering section of the Highways Division 
maintains a list of approved manufacturers of 
traffic materials. The syetem will provide 
on-line maintenance of the traffic materials 
manufacturers list, as well as inquiry 
capabilities so that any node on the network can 
access the in£ onnat ion. 

The Construction Materials System will require interfaces to other systems 

so that data that is needed for material testing and related functions can be 

passed from the other systems, and so that data maintained in the Construction 

Materials System can be passed to other systems should the need arise. 

Following is a list of the systems to which an interface is required. 

ontractem- Bane - 
Contract bid items are maintained in a system on the 
mainframe. The bid items and quantities will be used to 
generate the sample checklist. An interface between the 
Contracts and Specs System and the Construction Materials 
System will allow generation of the eample checklist. 

TRACS - Project numbers entered into the Construction 
Materials system will be validated against a 
pre-established project number table. TRACS is the 
originator of the project ntxnber and ao will be used to 
establish the project number table. An interface between 
TRACS and the Construction Materials System will allow 
timely creation of the project number table to be used for 
validation. 



t System (PMS) - Pavement Services would 
like to maintain average material characteristics by route 
and mile post. These characteristics result from materials 
tests performed on the material being used during 
construction. A n  interface between the Construction 
Materials system and PMS will allow materials data to be 
transferred to PMS on a periodic basis. 

Contracts tmU&ecs WL@s&sm - Contractor code, name and 
address are maintained on a WANG computer by Contracts and 
Specs. To distribute material test results to contractors, 
the system will need access to contractor name and address 
so that the name and address can be automatically printed 
with a copy of the test results. An interface between the 
WANG and the Construction Materials System will allow name 
and address access. 

4 . 3  LOGIC- 

This subsection provides a list of logical data structures. Until the 

LIMS package software is selected, the physical data structures cannot be 

defined. This list provides logical groupings of data and logical keys. 

Material C o d e  - Contains all materials for which 
there is a specification and material test and includes 
material type codes, descriptions. 

Primary Key: Material code 
Secondary Key: Alpha description 

Contractor Table - Contains contractor name and address, 
contractor code. 

Primary Key: Contractor code 
Secondary Key: Alpha name 

Project N b e r  Table - Contains valid project numbers and 
associated information such as district, location, 
duration, start date, cost, etc. Projects are associated 
with material source date including source of the material, 
mix designs used, etc. 

Primary Key: Project number 



Active - Contains all sample data 
including setup information, raw test data, calculated 
data, reference to spec used, mix design used. 

Primary Key: Sample number 
Secondary Key: Material type 

Sample type (acceptance information, 
independent assurance, 
correlation, etc.) 

Project 
Contractor 

Base - Contains five years of eample data 
prior to the current two years which is maintained in the 
active sample data base. 

Material S ~ e c i f i c a t i m  - Contains multiple versions of 
material specifications used in determining material 
compliance. Also contains epecial provision specifications 
determined at the time of contract which are project 
specif ic. 

Primary Key: Material type, Version 
Secondary key: Project nmber 

=orv I n s o e c t u  - Contains information regarding 
laboratory inspections performed under- the quality 
assurance program. 

Primary Key: Lab number 

Fre- - Contains information 
regarding sampling frequencies by material type and 
quantity. 

Primary Key: Material type 

Calc- - Contains calculations used in various 
tests. Prevents recompilation of program rhould 
calculation change. 

Primary Key: Test code. 

m t  Code Tab& - Contains valid test code for each test 
supported in the system. 

Primary Key: Test code 



ce D a t a  - Contains information about 
material sources (corrmercial plants and pits) such as mix 
design, test result history, projects using source. 

Primary Key: Material source 

Plant m c t i o n  - Contains information regarding ADOT 
inspections of comnercial plants such as actual and planned 
inspection dates, inspection resul ts. 

Primary Key: Material source 

ist Data Base - Contains the eample checklist 
information which consists of material type, planned 
quantity, number of samples to be taken, actual samples 
taken, comnents. 

Primary Key: Project number 

Ap~roved Mat- Data Base - Contains materials approved 
by central office Materials Section and Traffic Engineering 
Section. Information includes material type, suggested 
use, manufacturers. 

Primary Key: Material type 

e Products Data Base - Contains 
materials that are new or experimental. Information 
includes material type, suggested use, manufacturer. Items 
from this database may eventually be moved to the approved 
materials data base or the material code table which 
contains all materials tested by the Department. 



This section contains a description of the outputs to be available from 

the system. Layouts of reports and screens should be developed during design, 

after the LIMS package software is selected. Additional outputs will be 

defined by users during design. 

Description: Provides users with information regarding the 
status of a sample, e.g., set up, received at 
laboratory, testing in progress, tests complete, 
results available. 

Medium : On-line inquiry 

Frequency: As needed 

Description: Provides an active sample summary for samples not 
yet completed and samples completed since last 
reporting period, by laboratory, for district and 
central laboratory samples. 

Medium: Hard copy or on-line 

Frequency : Daily 

1 Test Results RegnrLa 

Description: Providee a hard copy report of individual sample 
test results for project records. 

Medium : Hard copy report produced on project office 
printer 

Frequency: Daily 

Test Re- 

Description: Provides a hard copy exception report listing 
failed or cautionary test results. 

Medium: Hard copy report produced on project office 
printer 

Frequency: Daily 



Description: Provides a complete list of codes and 
descriptions in each table, e.g., material type 
codes, specif icati one. 

Medium: Bard copy by request, on-line inquiry 

Frequency: As needed 

Description: Provides a list of materials and suggested 
sampling frequencies for each project. It is 
produced before the project begins based on 
contract bid item and quantities and is used as a 
material sampling and testing guide. 

Medium: On-line maintenance, hard copy by request 

Frequency: 120/year depending on number of projects 

Description: Bar coded labels containing identifying 
information about material samples will be 
produced at the district office. These labels 
will be attached to sample identification forms 
and read at the district and central laboratories. 

Medi urn: Hard copy 

Frequency : Daily 

Description: Work cards contain raw test data and calculations 
performed for each material test. Since raw test 
data will be entered into or automatically 
collected by the system, work cards will be 
replaced by on-line screens; however, the work 
cards should be available in hard copy format if 
requested. 

Medium: On-line, hard copy on request 

Frequency : Daily, one work card/test 



Description: The Materials Section maintains a list of 
approved materials that have been tested and 
approved for use on construction projects. This 
list should be available to system users through 
on-line inquiry. 

Medium: On-line, hard copy on request 

Frequency: As needed 

New and Product Liai 

Description: The Transportation Research Center maintains a 
list of materials that are being reviewed for 
general use by the Department. This list should 
be available to system users through on-line 
inquiry. 

Medium : On-line, hard copy on request 

Frequency: As needed 

Description: Document containing materials information. The 
document should be accessible on-line by the 
resident engineer responsible for the project. 

Medium: Word processing produced document available 
through electronic mail or file access 

Frequency : 120/year depending on number of active projects 

Description: Contains a sumnary of test results by material 
type for a specified date range, by project 

Medium : On-line, hard copy on request 

Frequency: As needed 

Description: Straight line charts, normal curves, histograms 
showing test results for a particular material 
for a specified date range, optionally for a 
specified project, contractor, or material 
supplier. 



Medium: Hard copy by request 

Frequency: On request 

Description: The syetem must have an ad hoc query and 
reporting capability which is usable by end users 
without data processing expertise. 

Medium: On-1 ine , hard copy 
Frequency: On request 

Description: Acceptance tests must be compared to Independent 
Assurance and Correlation sample test results. 
This shows a comparison among the related test 
results for each district. 

Medium: Hard copy 

Frequency: Daily 

Description: Material specifications are maintained by the 
system. Specifications must be available for 
on-line inquiry. 

Medium: On-1 ine 

Frequency: A 6  needed 



This section describes the security, audit, and control features required 

for the Construction Materials System. These controls must be designed into 

the system to ensure accuracy, auditability, reliability and overall system 

integrity. Proposals should address the requirements for control, audit, and 

security by describing the approach that the vendor wishes to pursue and any 

exceptions to the suggested requirements. 

The primary objective of control features is to ensure data integrity. 

Control features will support: 

Data base integrity 

Data base recovery 

Data base and file restoration 

Tracking of program modifications 

Data base and file backup 

Tape retention periods 

Construction Materials System restart and recovery 

Offsite tape storage. 

The following control features will exist on the central processor: 

Nightly backup of all critical system and applications files 

Nightly backup of jobs and programs necessary to recover or 
restore the Construction Materials System data bases and 
any related files 

Program change control procedures to allow tracking of 
program modifications. 



Backups will be performed using the central processor tape drive. Tapes 

will be stored in the same room that houses the central processor. The backup 

tapes will be kept for 180 days to support system recovery for any specific 

file for up to six months. In addition, annual backupe of the laboratory test 

data will be created and retained for eeven years to support legal 

requirements. To properly plan for the event of a disaster (e.g., fire, 

earthquake, etc.) it is imperative that backup copies be sent to an offsite 

storage facility. 

Restart and recovery procedures must be in place to support the timely and 

accurate restoration of the Construction Materials System in event of a system 

outage or abnormal program termination. By implementing the proper utilities 

and procedures, system downtime will be minimized and data recovery will be 

maximized. Since restart and recovery procedures are different for each major 

type of hardware, these procedures are discussed in a general manner that can 

apply to a mainframe or minicomputer. 

The following recovery procedures should be available in the selected 

configuration: 

Tape backup support 

Dual recording of data base records 

Transaction backout support in the event of an abnormal 
program termination. 

During a system failure the laboratory data base could be damaged and 

become unreadable. The above recovery procedures support the restoration of 

the lab data bases from a backup tape or, in the case of dual recording, the 

ability to "switch" to a second copy of the data base. 



Minicomputer data bases may not support the extensive recovery facilities 

provided by mainframe data base management systems such as IMS. Proposals 

must include complete explanations of the available recovery facilities 

provided by the vendor's proposed hardware and software. 

The intent of audit features is to provide an audit trail of Construction 

Materials System access. This audit trail includes a record of document 

creation and Construction Materials System data flow through the system. 

The following audit features should exist on the central processor: 

Record of who accessed the Construction Materials System by 
date, time, terminal name, and userid 

Record of each update in the LIMS by date, time, terminal 
name, and userid. This mechanism must be incorporated into 
the selected LIMS software package if it is not a feature 
of the purchased software 

The above records will be backed up and stored on magnetic 
tape for 180 days. This retention period may be extended 
if a longer period is required by the internal audit 
department of ADOT 

Reports on the above records should be available on 
request. These reports will be produced through batch job 
reques ts 

Batch validation controls will produce a one page report 
containing the number of record8 processed, the number of 
recorde rejected and the reason, and the total number of 
records read for all batch jobe. 

System security requires the automated control of access to the 

transactions, data bases and files within the Construction Materials System. 

Access is to be controlled by assigning each central processor user a unique 



user identification and password. There are two sets of access control 

software used to control security on the central processor as follows: 

Central Processor Security Software - Software that runs as 
part of the operating system to control logon access to the 
central processor and access to files. All access controls 
are enforced by associating a userid and password with 
authorized levels of access. 

LIMS Security Software - The major LIMS software packages 
come with a set of tables to allow the laboratory security 
administrator to control access to each laboratory 
transaction (screen). LIMS security enables the 
administrator to allow or prevent a user from accessing any 
LIMS transaction. The LIMS security routines also allow 
the security administrator to restrict access to test 
results by laboratory area or cost center. These security 
access levels are controlled by the userid and password 
combination. 

Using a combination of the software tools listed above, the Construction 

Materiale System security administrator will control security of the following 

resources on the central processor: 

System Access - Verification that the user has entered a 
valid userid/paesword combination and is allowed to access 
the central processor. 

File and Date Base Access - Verification that the userid 
attempting a file access has been defined with the 
appropriate authorization levels in the security tables. 
If not, the file access is not allowed. File access may be 
restricted to read, write, allocate, delete, or any 
combination of these four. 

Transaction Accese - Verification that the userid 
requeoting to execute a specific transaction within the 
Conetruction Materials System has been defined to the 
security tables with the appropriate authorization. If 
not, the user will not be allowed to execute the 
transaction. 



1.0 TRBILP3XNG AN11 SUPPORT REO- 

The installation of new computer hardware and software will entail 

training of all persons affected by the installation, both internal and 

external to A W T .  A significant level of support will be required by internal 

AJMT staff and by the vendors eupplying hardware and software. This section 

of the report identifies each type of training required.and the level of 

support needed for on-going maintenance of the system. Proposals must explain 

the approach that the vendor will take for each of the training and support 

requirements. - 
The system will impact users in the central office and laboratory and 

remote sites including district and project office8 and laboratories. Users 

will be required to learn how to operate the microcomputer workstations and 

use the new screens and reports. Existing manual procedures will be modified 

or eliminated. Following is a sumnary of the training anticipated for each 

major group of users. Since there will be varying.degrees of user involvement 

in the operation and use of the syetem, training should be structured so that 

appropriate levels of expertise can be acquired, e.g., management will not be 

trained in the operation of the laboratory testing portion of the system. 

All usere will require general training including: 

A general overview of the entire system 

Training in the operation of the microcomputer 
workstations, e.g., power onloff, keyboard, sign-on/off 

Training in the general use of the system including how to 
select traneactione, how to obtain on-line help, how to 
navigate through the system, how to print screens and 
reports, how to interpret error messages, how to w e  
docmentation. 



Following general training, users should be divided into the following 

functional groups and trained in the specific applications that they will be 

required to use. 

Laboratory technicians from central, district, and project 
area laboratories will require training in the laboratory 
testing support functions including operation of interfaced 
equipment, use of on-line screens for entry of test date, 
printing of identification cards and work lists, and 
inquiry of calculated test results. 

District, area and project engineers will require training 
in the use of inquiry transactions, ad-hoc query and 
reporting capabilities, statistical analysis capabilities, 
and logging and record keeping capabilities of the system. 

Materials section personnel will require training in the 
use of central materials management functions. 

High level management personnel should be trained in the 
general capabilities of the system so that they are aware 
of the information available from the system. 

Training of users should be accompanied by ueer documentation. We suggest 

that the training of individual groups of users be accomplished in one day, 

e.g., district area, and project engineers will require no more than one day 

of training. 

Application support personnel will require training in the following: 

Central processor system utilities such as file transfer 
and file manipulation utilities 

The workstation commmication procedures 

The Laboratory Information Management System (LIUS) package 

The statistical analysis software if separate from the LIMS 

The backup microcomputer applications. 



7.3 TECEINICAL SUP- 

The technical support personnel will require training in the following: 

The central processor operating system and related utilities 

Software to transfer files between the central processor 
and other A W T  computers and microcomputer workstations 

Instrument interface software 

System startup/shutdown 

Emergency procedures 

Backup procedures for microcomputer and central processor 
data 

Comnunications network operation and configuration 

General hardware maintenance and problem diagnosis. 

J .  4 O N - G O I N G  S U P P O ~  

The selected vendor(8) will be required to provide the following: 

Hardware maintenance agreements that include two hour 
on-site response for central processor hardware and system 
software problems, 24 hour 7 day/week maintenance support 

LIMS package support agreements and clearly specified new 
package release arrangements 

Post-implementation support for an agreed upon time period 
(at least one year) from the eystem implementation vendor,. 
i.e., the consultant or LIMS vendor responsible for 
implementation services 

Software problem resolution available via a 24 hour hotline 
service over the phone 

System software and maintenance availability over dial-up 
services (LIMS and central processor) 

Onsite preparation and support during hardware and system 
software installation. This support should be available 
until the initial installation is operational and meets 
ADOT's satisfaction. 



The Construction Materials System must include documentation to assist 

users and maintainers of the system. The documentation will consist of the 

following: 

L!a.ec&Wah - Complete user documentation will be 
required including: 

Functional Overview 
Guide to Terminal Operations 
Functional Processing 
Screen Processing 
Report Processing 
Screen Messages 
Tipe, Shortcuts, and Warnings 
Glossary of Terns 
Reference Card. 

-1 I I o c l l m e n .  - TechnicaI documentation will be 
required and will include: 

- . complete technical documentation for all hardware and 
comwnications equipment 

- complete technical documentation for all system 
software 

- five sets of complete technical documentation for all 
application software including LIMS, statistical 
analysis software, or any other purchased application 
software. 



This section of the report provides suggested tasks necessary to implement 

the Construction Materials System. The tasks have been defined to help ensure 

that the system can be successfully implemented with minimal disruption to 

daily activity. If the vendors submitting proposals do not believe that any 

of the suggested tasks are necessary, they should explain why. The approach 

to each task should be described in the proposals, as well as the timing of 

each task. The plan should provide a phased implementation to allow 

flexibility should there be budget constraints. The tasks should be arranged 

to provide support and tangible benefits to end users as quickly as possible, 

at the same time providing a smooth technical transition to the new system and 

associated hardware environment. 

The implementation tasks are grouped into five major categories of 

activities. The plan assumes that one prime contractor will be selected and 

that contractor will be responsible for selecting, installing, and developing 

all hardware and software necessary to support the Construction Materials 

System. The major categories of activities are explained below. 

A. -tor- - These are the tasks that must be 
performed before the system componente can begin to be 
procured and installed. As examples, senior ADOT 
management approval mu6 t be obtained, field personnel 
understanding and cwraitment must be assured, funding must 
be coamitted, and the Project Manager and Steering 
Conmittee members must be selected and assembled. Finally, 
the RFP for a prime contractor must be written, proposals 
reviewed, and a prime contractor selected. 

B. -ot Tasks - These tasks provide the basis upon 
which the remaining Construction Material8 System tasks and 
components can build. They can begin to be performed as 
soon as the prime contractor is selected and the contract 



signed. These tasks include assembling the implementation 
team, preparing conversion plans, training implementation 
team members, defining pilot users, and testing hardware 
and software components to be used in development. These 
tasks will help to ensure a smooth implementation of the 
Construction Materials System. 

C. & p U c & i m t  D--These tasks will be 
performed during the first three months of the project, as 
quickly after the start of the project as possible. These 
tasks must be completed before implementation of the system 
can begin. These tasks include detail design of the custom 
developed software, detail design of LIMS modifications, 
installation of comrmnication software, installation of 
system software, installation of package software, detail 
design of system interfaces, and detail design of subsystem 
interfaces such as file transfers among machines. 

D. ent -ion Tasks - These tasks 
include the development and implementation of the software 
that will support the laboratories' day to day operations. 
Customization of any package software, such as a Laboratory 
Information Management System (LIMS), will be performed. 

E. ent l-ion - These tasks 
include installation of the actual hardware that will 
support the laboratory automation. These components 
include the central processor, comunication components and 
cabling, universal workstations, and associated system 
software such as operating systems. 

Over 40 detail implementation tasks have been identified. More complete 

descrlptions of the individual tasks follow later in this section. 

The contractor should estimate the time required to complete the entire 

project; however, if the estimate exceeds 13 months from the signing of the 

contract through complete ADOT acceptance of the system, the contractor must 

clearly explain why. 

Contractors must provide an explanation of estimated resources required to 



implement the Construction Materials System including the personnel, both 

contractor and ADOT, and the one time and recurring costs associated with the 

hardware, software, and maintenance of the system for a period of five years. 

Suggested personnel required to implement the Construction Materials System 

include the following: 

An ADOT Project Team Manager should be comnitted to the 
project on a part time basis. This same project team 
manager should also be in charge of the RFP preparation. 
He should be able to spend two day# per week on the project. 

A Steering Committee composed of personnel from the 
districts, Materials Section, and other associated 
personnel should be formed to monitor progress, resolve 
issues and provide direction to the project team. This 
comittee can be expected to meet monthly. The comnittee 
members will also be required to review reports and other 
deliverables. 

A work team comittee consisting of laboratory personnel 
and selected users should be designated. This team can be 
expected to meet on a weekly or bi-weekly basis, and should 
be available for consultation on an as needed basis. 

Prime contractor personnel will include a project team 
manager committed to the project on a full time basis, a 
technical team leader comnitted to the project on a full 
time basis with assistance from other technical personnel 
as needed, a developnent team leader committed to the 
project on a full time basis, and development team 
programmer/analysts a8 needed committed to the project on a 
full time basis. The technical team leader will be 
responsible for installation and configuration of the 
hardware and system software needed to support the 
application system. The developnent team will perform the 
cuatomization of package software and the development of 
all other application software. The team leader will 
oversee and assist in the developnent effort. The project 
manager will oversee the entire project and ensure that the 
project is proceeding on schedule. 

ADOT user and system support personnel should be assigned 
to the project. There should be one user assigned to the 
project full time. This user will resolve detail design 
issues, review all screen and report layouts, attend all 
project related meetings, assist in the developnent of test 
plans and test data, perform testing, review system docu- 



mentation, and assist in development of user documenta- 
tion. The user will also act as training coordinator and 
will be the liaison between the rest of the user cornunity 
and the project team. If possible, one full time 
progranrmer/analyst should be assigned to the development 
portion of the system. The person will be required to 
assist the contractor in customizing the package software, 
such as a LIMS package, and in performing custom 
development of other required programs. One person should 
be dedicated to the technical team on a full time basis. 
This person will be used as a technical support person for 
the operating system, data base management system, and 
statistical analysis software for the central processor. 

8.4 IMP- 

The following are descriptions of the suggested tasks required to 

implement the Construction Materials System. Included in the tasks are 

changeover or conversion tasks, hardware and software installation tasks, and 

application development tasks. Several tasks can be performed simultaneously, 

however, some must be completed before others can be started. The contractors 

should provide a plan that includes a logical order for tasks to be 

implemented, as well as estimated time frame. 

The following tasks should be performed to begin the Construction 

Materials System implementation procese: 

Confirm F- - Before beginning the 
implementation, the availability of funds must be 
confirmed. The sources of the funds, e.g., FHWA or AWT, 
or both must be confirmed. Although the implementation 
plan assumes a phased implementation, modification of the 
plan may be necessary if funds are limited. 

Select - The ADOT Project Team 
Manager should be assigned as quickly as possible so that 
the preparation of the Request for Proposal (RFP) can 
begin. The Project Team Manager will continue as the A W T  
person responsible for overseeing and administering the 
project . 



b r m  Conetructioa M a t e r i a l s t e m  
- The Implementation Steering Comnittee will help 

to prepare the RFP, evaluate proposals and select a prime 
contractor, and negotiate a contract. 

Q V B ~ ~ _ R I ~ - d  Cmime.uk - 
The project team should make a presentation to various lab 
personnel to explain the project and obtain comitment and 
cooperation from lab personnel. 

Obtain F i e L d r s t - a n d  - The project 
team should make a presentation to the appropriate field 
personnel, e.g., assistant district engineers for 
construction and district materials engineers,.to explain 
the project and its impact on the districts and to obtain 
comitment and cooperation from them. 

The foundation tasks have been defined to help structure the entire 

project and to ensure smooth implementation. These tasks begin shortly after 

the preparatory tasksl and set the stage for the actual implementation. They 

are critical tasks that must be planned and performed to avoid implementation 

snags and pitfalls. 

Select/A-XT._Staff - The ADOT staff to be assigned to 
the project must be selected. This staff includes the user 
liaison, and the central processor development and techni- 
cal analysts. 

Fonn Construction Materials S-k Tern - A work teem 
consisting of laboratory users, a district representative, 
Informetion Systems representatives and other Conetruction 
and Materials Section representatives should be formed. 
This work team will meet weekly to review statue and 
resolve detail design and implementation issues. 

Teat Hardware n s d t w a r e  C- - Once the 
hardware and software components are installed, the 
comunication capabilities must be tested before technical 
training and development can take place. These cowuni- 
cation tests include making sure all line, control unit, 
modem, and terminal connections are in place and working. 



a1 Staff - The project team 
development staff will require training in the use of the 
central processor. The training will be provided by the 
hardware vendor and the project's technical team. 

Tr&.E69&c!Lkam on Central Proceesor Software - The 
project team developnent staff will require training on the 
use of the central processor software including the LIMS, 
statistical software and data base management software. 

Er-ratorv Convcukm P l a n  - As soon as some key 
hardware and software components have been installed, the 
conversion plan for the laboratories can be defined in more 
detail than is contained in the implementation-plan. The 
conversion plan will define the duration of user acceptance 
testing and when existing automated support of laboratory 
testing can be discontinued. 

Define - A subset of users from the 
central laboratory and the districts will be selected to 
perform a pilot test of the system as part of user 
acceptance testing. These pilot users will be the first 
users of the system and will provide valuable feedback 
before complete user testing is performed. 

These tasks include the detail design of the application software and the 

installation of the logical components necessary before implementation can 

begin. 

P r o c m o r  Utility Sof- - As soon as the 
central proceseor is installed, the appropriate software 
will be installed including compilers, data base management 
software and diagnostic software. 

J n s t d  LIMS Spftware Pa- - Since a LIMS package will 
be purchased to eupport the laboratory application eyetem, 
it will be installed as soon as the central processor 
utility software is installed. 

Central Pro-sor Statietical Software - The 
software that will be used to develop statistical 
applications nil1 be installed after the proceseor is 
configured. 



-tall Communication Software - After the central 
processor is configured, communication software for the 
comnunication between the central processor and other 
computere will be installed. 

Eerform Detail-fot C u s t w n h & h a  - The LIMS 
package must be customized to meet the needs of the 
Construction and Materials laboratories and users. 
Following installation of the package and training in its 
use, the detail design for the required customization will 
be completed. This will include designing the screens and 
reports around the package's application structure and 
designing the files or data base around the package's file 
structure. 

gerform Detail Design of Svstem Interfaces - Several 
systems will be interfaced to the Construction Materials 
System. The detail design of the interface will include 
the design in the Construction Materials System and in the 
interfaced system. 

of Instrument I n t e r f w  - The 
instrument interface programs required for receiving data 
and storing it in the system will be designed in this task. 

of -- - The 
functions not included in the LIMS, such as generation of 
the materials checklist, will be designed. 

P e r f o n a e  Design - The structure of data bases and 
fields to be included in each data base will be designed. 
The indexes will be defined. Data elements will be named 
and sized. 

Tr- - m e  Construction Materials 
System may include several different instances of file 
transfer from one computer to another. The format of the 
files and the design of the programs necessary for the 
transfer will be performed. 

These tasks include the implementation tasks for the application software. 

gust- - The LIMS package will be 
customized to support testing. This task includes unit 
testing. 



-D Additional P r o g x a ~  - Additional programs not 
included i n  the LIMS w i l l  be developed. This task includes 
un i t  t e s t i ng  . 
Develw Conversion Pr- f o r  Jbeboratofp Data - Some t e s t  
da ta  has been s tored  on the Amdahl mainframe. This data  
should be analyzed t o  determine i f  conversion should be 
performed. Laboratory data  conversion programs w i l l  be  
developed well before f i n a l  conversion is t o  take place so 
t h a t  the data  can be converted and used f o r  tes t ing .  

Develw Svs&m Intextace Pr- - Construction Materials 
System programs f o r  system in te r faces  w i l l  be developed 
following the development of the conversion programs 
described above. For those system in te r faces  t h a t  w i l l  
cause a change i n  the other  system, the modification t o  the 
o ther  system must be made during the time of t h i s  task so 
t h a t  the complete i n t e r f ace  can be tested.  

Bevel- In te r face  Pr- - This task involves 
developing the programs necessary t o  allow the t e s t  
equipment t o  be connected t o  the microcomputers o r  cent ra l  
processor so t h a t  da t a  can be col lected and etored i n  the 
sys tern. 

o t  Usem - The previously selected p i l o t  t e s t  
users  w i l l  be t ra ined  i n  the  use of the system. These 
users  w i l l  then perform t ra in ing  f o r  other  system users.  

Conduct PUgt  Testinp with Selected Users - The previously 
se lec ted  p i l o t  t e s t  users  w i l l  conduct a p i l o t  t e s t  of the 
Construction Mater ials  System including a l l  system 
funct ions.  

- After the  p i l o t  
test, feedback received from the ueere w i l l  be incorporated 
i n t o  the system. 

Conduct T r a  - After  the p i l o t  t e s t ,  the p i l o t  test 
users  w i l l  begin t r a in ing  of the other  users. The f u l l  
time user  l i a i son  w i l l  coordinate the t raining.  Central 
and f i e l d  laboratory users ,  Hater ia l s  and Construction 
Section, and d i e t r i c t  users  w i l l  be t ra ined i n  the use of 
the system. 

uc t  Uem A c c w e  Tee- - After users  have been 
t ra ined ,  a complete user acceptance t e s t  w i l l  be 
performed. The acceptance t e s t  w i l l  be  planned so  t h a t  
every function i n  the system is tes ted  by users.  



Perform w m  Tes- - System testing will include 
testing of all file transfers, system interfaces, job 
control language, report distribution, and batch job 
streams. It will be performed following user acceptance 
tee ting . 

v e r s h  of Lab Data - After the user 
acceptance and system testing is complete, the existing 
laboratory data will be converted for the last time. 
Parallel testing should not be necessary for the laboratory 
portion of the system provided the user acceptance and 
system testing are thorough, especially since current 
automated support is limited. 

P ~ X P ~ s t e m  - After final conversion is complete, 
system tuning will be performed. This task involves 
resolution of any problems that arise after the system is 
in production. 

--Off - After final conversion, the project 
team will obtain final sign-of f . 

These tasks include all tasks required for the installation of the 

equipment needed to support the Construction Materials System. 

Central Pro- - If the Amdahl mainframe is not 
used, the central processor can be installed at any time, 
however, it should be installed and cormntnication 
established well before development ie scheduled to begin. 

- After the central processor is 
installed, the communication between the field offices and 
central processor will be established. Depending on the 
hardware selected, the amount of communication hardware and 
software will vary. Regardlees, conxnunication to the 
central processor will need to be established. 

Wor- - Additional workstations will 
be installed and edsting worketations upgraded to allow 
colmnmication with the central processor. The upgrade will 
include the installation of commmication cards, RS232 
cards, and additional memory where necessary. 

Cen-or to 
- Once the central processor is inetalled, communication to 
the Amdahl mainframe and Wang minicomputer can be 



established. This comnunication capability will allow the 
workstations to act as terminals to the mainframe and Wang 
minicomputer, in addition to their functions as LIMS 
terminals and microcomputers. 

ace Bardware - This task involves 
the installation of RS232 cards and laboratory equipment 
for interfacing the selected instruments with the LIMS. 

Interface Ea- - The equiplent to be interfaced to 
microcomputers and the LIMS will be connected and the 
interf aces es tablished. 

-1 P e d w  - Laser printers, plotters, hand held 
data collection devices, line printers, and any other 
peripherals desired will be installed. 


