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Accelerated Bridge Construction Components
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*Source: US DOT, FHWA, Every Day Counts, "4G-Accelerated Bridge Construction,” presentation.

EDC PBES Vision:
To facilitate the deployment of Accelerated Bridge Construction technologies such as PBES as a standard practice for all highway
projects.

EDC PBES Miission:
Advance the implementation of Accelerated Bridge Construction technologies such as PBES.

The focus is on:

* speeding construction time,

* minimizing traffic impacts,

* improving durability,

* increasing safety,

* and reducing environmental impacts during highway construction projects throughout the transportation community.

ABC employs structural & geotechnical engineering technologies to help agencies & the traveling public save fime
and money when bridge rehabilitation or reconstruction projects are being implemented.

These are the major components of Accelerated Bridge Construction.

Deploying any one component will save money and time.

Implementation of PBES contributes to the success of ABC, and it is an important element to consider when
planning a project.
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BACKGROUND

PBES consists of bridge structural elements &
systems that are built off the bridge alignment to
accelerate onsite construction time relative to
conventional practice.

PBES offers Major Advantages:
+ Faster (offsite & off critical
path)
+ Safer (public, construction &
inspection)
+ Better Quality (controlled
environment)
+ Positive Cost-Benefit Ratios
when user costs are
considered.

Why Accelerated Bridge Construction?
Prefabricated bridges of fer significant advantages over onsite cast-in-place construction.

Among these advantages are:

* a substantial reduction in onsite construction time-

* reduction in tfraffic and environmental impact,

+ lower costs resulting from offsite manufacturing and standardized components and positive cost-
benefit ratios when user costs are considered.

+ improved safety due to reduced exposure time in the work zone. The controlled environment of
offsite fabrication also ensure quality components for good long-term performance.
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STATISTICS

40+ States: 1 or more projects

7 States: 20+ projects

11 States actively pursuing as

standard practice

Opportunity for much greater PBES

deployment

By December 2012, 100 cumulative

bridges have been designed and/or

constructed rapidly using PBES.

By December 2012, 25 percent of [ EER———
single- or multi-span replacement [ i i 162082 S trices
bridges authorized using Federal-aid g susswn 11.15peessases
have at least one major re-fabricated [ swes win e 10FEEs basges
bridge element that shortens onsite [ 5w H5PEESEdees
construction time relative to [ e Bulbavsn i dgpyed S
conventional construction.

*Source: US DOT, FHWA, Every Day Counts, "4G-Accelerated Bridge Construction,” presentation.

By December 2012, to accelerate bridge construction, 100 cumulative bridges have been designed and/or
constructed rapidly using PBES.
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MOTIVATION FOR THIS PROJECT

Therefore, there is a critical need to develop quality control
measures to ensure quality processes and inspection, quality
monitoring requirements, and disqualification criteria of PBES for
durability assessment (i.e. cracks from differential shrinkage,
creep, etc. that allow moisture ingress & damage to PBES).

Additional Benefits from QAQC:
+ Complete and compliant inspection processes
+ Establishment of waste management procedures
+ Safer work environment
+ Better Quality Product (controlled environment)

“Source: NCHRP 1274 (Report 681), 12-65 (Report 584), 10-71 (Web 173), Synthesis 324, and Pooled | @
Funded Studies [ ===

By December 2012, to accelerate bridge construction, 100 cumulative bridges have been designed and/or
constructed rapidly using PBES.
Given this demand, there is a need...
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MOTIVATION FOR THIS PROJECT

**Potential for cost savings!
Overproduction

v'Standardized Task
¥'Balanced Flow
¥'Workplace Organization
vVisual Controls

v'Plant layout

¥ Mistake proofing
¥Inventory reduction

¥ Lead Time Reduction

¥ Correction at Source

Process Idle Time

By December 2012, to accelerate bridge construction, 100 cumulative bridges have been designed and/or
constructed rapidly using PBES.
Given this demand, there is a need...
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PROJECT OBJECTIVES

« To compile SHA inspection sheets and other checklists to |
develop an inspection framework for product QAQC to
determine the acceptability of manufactured PBES.

Objective 1

 To develop a detailed database in Microsoft Excel based |
on the framework developed to capture production,
handling and shipping, and storage processes of PBES
Objective 2 products

* To identify practices that limit production performance
- by critically examining process flow.
Objective 3

By December 2012, to accelerate bridge construction, 100 cumulative bridges have been designed and/or
constructed rapidly using PBES.
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SCOPE OF WO RK Pre-production

Fabrication &

Inspection Transportation &

Storage

==

4+ Handling
+ Storage

Materials used Curing Method « Erection

Tensioning Formwork, etc.

S g

Evaluation & Lean Manufacturing

**Conducted visits at 2 major SHA certified precast plants in PA/|

The process...

Precast concrete products used for accelerated bridge construction (ABC) are usually made-toorder
for a specific project. Yet, the manufacturing process of these products is sometimes

complex as human, materials and mechanical components must be managed concurrently and be
quickly integrated into a production system (Ballard and Arbulu, 2004). In order to develop
processes that address factors concerning durability of PBES, which is of particular interest to
SHA, specific emphasis is needed to assess the quality assurance and quality control (QA/QC)
methods of the PBES process during its four major phases:

1) Pre-production (including lean manufacturing and overall process)

2) Fabrication (ensuring camber and dimensional tolerances)

3) Evaluation (i.e. curing process to meet concrete strength requirements especially

at release, measuring crack widths, etc.), and

4) Transportation and storage (preventing major damage while handling, etc.)
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PRE-PRODUCTION

PBES PRE-PRODUCTION PHASE

Evaluaton of lant Rasocrces | I_

Project Heeds

*Pre-placement conference
*Status of mix design approval
*Approved plant status
«Approved drawings and products list
*Temperature requirements
*Condition of producers” equipment
*Concrete testing
*Who can reject concrete & why?
Care of cylinders
*Inspection procedures
*Reasons to reject product
*Beam fabrication (stripping strength,
curing methods, camber measurements)
*Proper yard storage
*Shipping notification

Based on what comes in and what goes out...

“Garbage in...garbage out...”

Status of Mix Design Approval

B. Approved Plant Status

C. Have Drawings been approved

D. Are all items on Qualified Products List

E. Temperature Requirements

F. Condition of Producers Equipment and Backup Equipment
Appendix B: 2013 Portland Cement Concrete Pre-Pour Guide for all MDOT Approved Pre-stress
Plants

40

G. Concrete Testing

H. Who has Authority to reject concrete and for what reasons?
a. Slump/Flow

b. Air Content

c. Time

d. Temperature



e. Water / cement ratio

f. Gradations (frequency guide)

g. Moistures (frequency guide)

I. What Procedure should be followed for failing slump
J. What Procedure should be followed for failing air

K. Brand and Type of Admixture, must be pre-approved
L. Have adequate provisions been made for curing

M. Care of cylinders and number of cylinders required
N. Anticipated start date of work

a. Request for inspection

b. Direct inspection facilities

O. Discuss procedure following beam fabrication

a. Required stripping strength

b. Curing methods

c. Camber measurements

P. Proper storage in yard

Q. Shipping notification

R. Reasons for rejection of product

a. Repair procedure

i. Improper stripping

ii. Unsatisfactory molding

iii. Honeycombing

iv. Cracks in product

v. Unusable lift inserts

vi. Exposed reinforcing steel



t:é University at Buffalo Institute of Bridge Engineering

FABRICATION b e

Based on what comes in and what goes out...

“Garbage in...garbage out...”

Status of Mix Design Approval

B. Approved Plant Status

C. Have Drawings been approved

D. Are all items on Qualified Products List

E. Temperature Requirements

F. Condition of Producers Equipment and Backup Equipment
Appendix B: 2013 Portland Cement Concrete Pre-Pour Guide for all MDOT Approved Pre-stress
Plants

40

G. Concrete Testing

H. Who has Authority to reject concrete and for what reasons?
a. Slump/Flow

b. Air Content

c. Time

d. Temperature

10



e. Water / cement ratio

f. Gradations (frequency guide)

g. Moistures (frequency guide)

I. What Procedure should be followed for failing slump
J. What Procedure should be followed for failing air

K. Brand and Type of Admixture, must be pre-approved
L. Have adequate provisions been made for curing

M. Care of cylinders and number of cylinders required
N. Anticipated start date of work

a. Request for inspection

b. Direct inspection facilities

O. Discuss procedure following beam fabrication

a. Required stripping strength

b. Curing methods

c. Camber measurements

P. Proper storage in yard

Q. Shipping notification

R. Reasons for rejection of product

a. Repair procedure

i. Improper stripping

ii. Unsatisfactory molding

iii. Honeycombing

iv. Cracks in product

v. Unusable lift inserts

vi. Exposed reinforcing steel

10
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FABRICATION

PBES FABRICATION PHASE (CONTD.)
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FABRICATION

PBES FABRICATION PHASE (CONTD.)

CONCRETE VIBRATION, AFTER POURTESTS AND CURING
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FABRICATION

Institute of Bridge Engineering

PBES FABRICATIGN PHASE (CONTD.)
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FABRICATION

Lead to whole notion of lean manufacturing...

Eight types of waste were identified, resulting from mapping and classification of

processes in plants and provision of verifiable tools to improve productivity. According to Ray et
al. (2006), leveraging the principles of lean manufacturing could help achieve a 20% rise in

profit per year through the use of these five principles:

a. minimization of cost and risk,

b. rework and scrap through re-use,

c. improved efficiency through elimination of errors in misinterpretation of design

requirements,

d. ensuring standardized components through accuracy, and

e. increased plant capacity and effective communication of product information across
procurement, production and the supply chain.

Lean manufacturing also facilitates fast and cost-effective implementation by accelerating
production decision cycle, engagement of all employees in the continuous improvement process,
and acting on opportunities for improvement, while ensuring optimal productivity throughout the
product chain network. In this study, principles of lean manufacturing will be accessed to determine if
additional benefits can be gained at the plant to produce better quality products,

14



minimize waste, and improve overall efficiency at a precast plant.

14
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Adherence to PCl specifications

INSPECTION — i{ e

5

Concrete Mix and Strength Tests

Strand Tensioning and Detensioning
Final Product (camber, crack widths, etc.)

Form Inspection (alignment, possible leakage, etc.)

Tendon and Steel Arrangement in Form
Concrete Pumping and Vibration
Safety of Production Environment

Production and storage processes that undermine quality and cost savings

15
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INSPECTION

UTM machine
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Concrete curing

16



tﬂ University at Buffalo Institute of Bridge Engineering

INSPECTION

*Delineate through tests and
outcomes. Note the difference,
if any, between specified and
measured values.

Tests

To measure

Lead to whole notion of lean manufacturing...

Eight types of waste were identified, resulting from mapping and classification of

processes in plants and provision of verifiable tools to improve productivity. According to Ray et
al. (2006), leveraging the principles of lean manufacturing could help achieve a 20% rise in

profit per year through the use of these five principles:

a. minimization of cost and risk,

b. rework and scrap through re-use,

c. improved efficiency through elimination of errors in misinterpretation of design

requirements,

d. ensuring standardized components through accuracy, and

e. increased plant capacity and effective communication of product information across
procurement, production and the supply chain.

Lean manufacturing also facilitates fast and cost-effective implementation by accelerating
production decision cycle, engagement of all employees in the continuous improvement process,
and acting on opportunities for improvement, while ensuring optimal productivity throughout the
product chain network. In this study, principles of lean manufacturing will be accessed to determine if
additional benefits can be gained at the plant to produce better quality products,

17



minimize waste, and improve overall efficiency at a precast plant.

17
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INSPECTION — STRAND TENSIONING

During the visual inspection process, it was noted that a few of the ties for the reinforcement strands had
loosened before concrete pour. This issue was noted and corrected. A technician adjusted the beam along its
length to ensure accurate cover was achieved. The reinforcement bars were all epoxy-coated and well placed

within the lifters.

To inspect the tensioning process, photos were taken to show how the strands were tensioned and can be
viewed the project website at: http://www.moniquehead.com/#!pbes/cwuw. Beams were tensioned to
acceptable limits with the “dead end” shown on the left and the “live end” shown on the right in Figure 5.

18
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EVALUATION & LEAN MANUFACTURING

Six steps for inspecting the prestressed (PS) concrete I-

beams:

. Examine the areas near the bearings for spalling
concrete.

. Check beam flange for longitudinal cracks.

. Inspect the tension and shear zones of the beams for
structural cracks.

. Examine beams for alignment and camber of PS beams.

. Investigate beams for any collision damage.

. Examine any repairs that have been made previously.
(SHA must approve all repairs before they are applied!).

Lead to whole notion of lean manufacturing...

Eight types of waste were identified, resulting from mapping and classification of

processes in plants and provision of verifiable tools to improve productivity. According to Ray et
al. (2006), leveraging the principles of lean manufacturing could help achieve a 20% rise in

profit per year through the use of these five principles:

a. minimization of cost and risk,

b. rework and scrap through re-use,

c. improved efficiency through elimination of errors in misinterpretation of design

requirements,

d. ensuring standardized components through accuracy, and

e. increased plant capacity and effective communication of product information across
procurement, production and the supply chain.

Lean manufacturing also facilitates fast and cost-effective implementation by accelerating
production decision cycle, engagement of all employees in the continuous improvement process,
and acting on opportunities for improvement, while ensuring optimal productivity throughout the
product chain network. In this study, principles of lean manufacturing will be accessed to determine if
additional benefits can be gained at the plant to produce better quality products,

19



minimize waste, and improve overall efficiency at a precast plant.

19
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EVALUATION - BEAM END CRACKS

20
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EVALUATION - BEAM END CRACKS
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EVALUATION - BEAM END CRACKS
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EVALUATION — BEAM END CRACKS

23
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EVALUATION - FINISHED PRODUCT

24
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EVALUATION - CRACK LOCATIONS

Institute of Bridge Engineering

Beam [D

Crack Location and Ty

Member End

Span

Horizontal

Diagonal

Vertical

Map

Tongitudinal
Flange

Diagonal

Map

82-G1-7

S2-HI-8

SI-Al1-8

S1-Cl1-6

S1-DI-3

S1-DI-4

SI-F1-3

S1-G1-2

S1-HI1-1

S1-B1-7

S2-Al-3

82-Bl-1

Note: x denotes absence of crack while ¥ denotes presence of crack

25
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EVALUATION — CRACK WIDTH AND LENGTH

Beam ID Crack width (inches) Crack Length (inches)
0.013 82

0.012
0.014
0.013
S1-DI1-5 0.0142
SI-D1-4 0.011
0.01
0.0123
SI-HI-1 0.0125
S1-B1-7 0.012
0.013
0.0158
0.0122
0.015
0.010
0012
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EVALUATION - CRACK WIDTH
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EVALUATION - CRACK WIDTH
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Crack Width Residual Value (in)

A t-test analysis of data obtained on crack width and camber was performed to investigate the difference between the specified
and measured data using SigmaPlot. Based on crack width the following information was processed to conduct the first t-test:

Test type: One-Sample t-test

Normality Test: Passed (P = 0.643)

Number of data: 16

Mean of data (crack width): 0.0126

Standard deviation of data: 0.00160

Hypothesized population mean (crack width): 0.0130

t =-0.937 with 15 degrees of freedom. (P = 0.363)

95 percent confidence interval for the population mean: 0.0118 to 0.0135
Power of performed test with alpha = 0.050: 0.142

Figure 11 shows the normal probability plot of the frequency of the raw data residuals. The residuals are sorted and then plotted as
points around a curve representing the area of the GaussianSigmaPlot plotted on a probability axis. Plots with residuals that fall
along Gaussian curve indicate that the data was taken from a normally distributed population. The X axis is a linear scale
representing the residual values. The Y axis is a probability scale representing the cumulative frequency of the residuals.

28
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EVALUATION -
CAMBER

™ L
LA
. LI
=
= Measured
mHigh
mlow
— Specified

S1-AL SI1-B1 51-CL $1-D1 S1-E1 SI-F1 51-G1 S1-H1

Bridge ID

Institute of Bridge Engineering

SI-DL g gy

Beam id

S
u atheldose 03721
WOn 4/17/2013
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EVALUATION — CAMBER

At release, camber measurements showed that majority of the beams have values that are below the
specified value as seen in Figure 14 above. The sway of the data is shown as having the bottom whisker higher
than the top whisker. Camber values for beams S1-H1, S1-G1, S1-D1 and S1-F1 are above the specified value of
2.35-in. while the lowest camber value was recorded for beam S1-E1. Twenty-five percent (25%) of the camber
values that lie below the specified value are represented by beams S1-C1, S1-G1 and S1-H1 in the plot.
Seventy-five percent (75%) of the camber values which lie above the specified value are represented by beams
S1-B1, S1-A1, S1-D1 and S1-F1. However, the camber measurement was taken 23 days after release, and
showed that beams S1-G1, S1-A1, S1-D1 and S1-F1 values were above the specified value of 3.1-in. while the
least value was recorded for beam S1-E1. 25% of the camber values which lie below the specified value are
represented by beams S1-B1 and S1-E1 in the plot. 75% of the camber values that lie above the specified value
are represented by beams S1-D1 and S1-F1. Beams S1-H1, S1-C1, S1-G1 and S1-A1 have values that are within
close range (+0.05in) of the specified. The majority of the beams that have camber values that were below the
specified value are seen in the bulk of the data, showing the bottom whisker higher than the top whisker. This
implies that the beam cambers were within the expected ranges specified for their production.

30
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EVALUATION — CONCRETE STRENGTH
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Figure 15 shows the concrete strength of the girders tested at the precast plant. The blue and red bar graphs
show the compressive strength specified on 04/16/2013 and 05/14 /2013 as 5000psi and 7,000psi
respectively. The compressive strengths were above the specified minimum compressive strengths for both

days. The beams stripped on 04/16/2013 were tested on different days depending on initial testing and
judgment when the minimum strength was achievable.

31



té University at Buffalo Institute of Bridge Engineering

EVALUATION & LEAN MANUFACTURING

Five principles of lean manufacturing (Ray et al. 2006):

. Minimization of cost and risk

. Rework and scrap through re-use

. Improved efficiency through elimination of errors in
misinterpretation requirements

. Ensuring standardized components through
accuracy, and

. Increased plant capacity and effective
communication of product information across
procurement, production and the supply chain

Could help achieve a 20% rise in profit per year!

Lead to whole notion of lean manufacturing...

Eight types of waste were identified, resulting from mapping and classification of

processes in plants and provision of verifiable tools to improve productivity. According to Ray et
al. (2006), leveraging the principles of lean manufacturing could help achieve a 20% rise in

profit per year through the use of these five principles:

a. minimization of cost and risk,

b. rework and scrap through re-use,

c. improved efficiency through elimination of errors in misinterpretation of design

requirements,

d. ensuring standardized components through accuracy, and

e. increased plant capacity and effective communication of product information across
procurement, production and the supply chain.

Lean manufacturing also facilitates fast and cost-effective implementation by accelerating
production decision cycle, engagement of all employees in the continuous improvement process,
and acting on opportunities for improvement, while ensuring optimal productivity throughout the
product chain network. In this study, principles of lean manufacturing will be accessed to determine if
additional benefits can be gained at the plant to produce better quality products,

32



minimize waste, and improve overall efficiency at a precast plant.
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EVALUATION & LEAN MANUFACTURING

Lean indices based on 5 categories (Ray et al. 2006):
Waste minimization, warehouse safety/cleanliness

Product turnover
Dimension and tolerance
Material inventory
Storage

Higher index indicates more leanness!

VARIABLE LEAN INDE

Northeast Prestressed Products

Newerete Produets

3.23

59

542

6.5

632

675

678

15

Storage 844

8.9

Based on what comes in and what goes out...
“Garbage in...garbage out...”

33
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EVALUATION & LEAN MANUFACTURING

Lean indices based on 5 categories (Ray et al. 2006):
. Waste minimization, warehouse safety/cleanliness
Product turnover
. Dimension and tolerance
Material inventory
. Storage

Based on what comes in and what goes out...
“Garbage in...garbage out...”

34



té University at Buffalo Institute of Bridge Engineering |

TRANSPORTATION AND STORAGE

“TRANSPORTATION AND STORAGE

TRANSPORTATION AND STORAGE

IKSPECTORS 70 STAMPAPPROVE
MEMBERS AND HOTE RLIECTED
MIMBERS FOR RECORD:

35
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TRANSPORTATION AND STORAGE

For beam camber, another sample t-test was conducted based on the following information:

Test type: One-Sample t-test

Normality Test: Passed (P = 0.643)

Number of data: 16

Mean of data (crack width): 2.194

Standard deviation of data: 0.0854

Hypothesized population mean (crack width): 2.35 inches

t =-0.293 with 15 degrees of freedom. (P = 0.774)

95 percent confidence interval for the population mean: 2.148 to 2.239
Power of performed test with alpha = 0.050: 0.059

Figure 13 shows the normal probability plot of the frequency of the raw data residuals. The residuals are
sorted and then plotted as points around a curve representing the area of the GaussianSigmaPlot plotted on a
probability axis. Plots with residuals that fall along Gaussian curve indicate that the data was taken from a
normally distributed population. The X axis is a linear scale representing the residual values. The Y axis is a
probability scale representing the cumulative frequency of the residuals.
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NO.

\r =

* 32 respondents
* Varying responses/cross-section

Institute of Bridge Engineering

o

Connecticut Department of Transportation
Louisiana Department of Transportation and
Development (LA DOTD)

Slaw Precast

Arizona Dept. of Transportation (ADOT)
Caltrans METS

NDDOT

lowa DOT

ILL Depart of Transportation

Kansas DOT

Utah DOT

State of Maine Department of Transportation
WvVDOT

Central Atlantic Bridge Associates

Northeast Prestressed Products
Washington State DOT

KY Department of Highways

Minnesota DOT - Bridge Office

North Dakota Department of Transportation
State of Alaska Dept. of Transportation and
Public Facilities

Saskatchewan Highways and Infrastructure
Nebraska Department of Roads

PennDOT

http://www.surveymonkey.com/s/PJKHRDD
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SURVEY RESULTS

Question 1: Which best describes your occupation and years
of experience?

Academic/Research Engineer

m <5 years

5 5-10 years
® 10-20 years.

Industry/Practitioner
>20 years

Consultant

38
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SURVEY RESULTS

Question 2: What would you recommend to minimize cracking
of precast elements?

Use of handling methods.

Use of curing methods

Minimum curing times

ion retardants
uYes

Max slump mho
 Not Applicable

Max concrete

Max concrete compressive strength

Max c material

Trying to gage quality of product/ variations to address material control...

39
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SURVEY RESULTS

Question 4: Have you ever experienced any camber
problems with prestressed concrete bridge beams that
are often beyond normal construction tolerances?

40
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SURVEY RESULTS

Question 6: What types and sizes of members (such as box
beams, cored slabs, AASHTO girders, bulb tees, etc.) are more
prone to cause camber-related problems in your experience?

Long Members

| Beams

Voided Slabs

AASHTO Girders

|
R
I

Bulb Tees I ——
—
I

Cored Slabs
gox Beams | —

2 4 6

Number of respondents.
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SURVEY RESULTS

Question 5: Do you use a blend of lightweight and normal
weight aggregates to achieve the desired density of
concrete for your prestressed bridge beams?
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PURPOSE OF THE PBES DATABASE

= To create a central location where contractors/
inspectors can enter data that has been collected from
the different phases of construction/inspection.
* To use as an archive for PBES information and data
collection.
= General Input

*[nspection Input

» To produce a summary of all the tasks from data
collected.
= Completed Task
*[ncomplete Tasks

» To assist in the evaluation and efficiency of the
assembly process.
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PREFABRICATED BRIDGE ELEMENTS |

AND SYSTEMS FLOW CHART

% Stagel: . Stage 2:
\ General _ Inspection

Input Input

sheet Sheet

44



tﬂ University at Buffalo Institute of Bridge Engineering

Welcome to
PBES QCQA Database

Click here to access database
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INSPECTION CRITERIA

Concrete Mix and Test Inspection Report |

Rate Processes

* Plant Name

* Date of Inspection w

* Element Name and Type Inspected J

* Approval Percentage of Processes ]

* Defective, etc 1
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PBES TUTORIAL

~These instructions apply to both input tabs
»General Input Tab
#Inspection Input Tab

Input Tabs
~ All of the data that is input into this database is protected
#»NO Password needed
~Navigation Button
»Four arrows located at the top-right of the database

~First arrow allows users to view the first entry to be entered into the
system.

~Second arrow allows users to view the previous entry that was entered into
the system.

~Third arrow allows users to view the next entry that follow the one that is
being viewed.

~Fourth arrow allows users to view the very last entry that was entered into
the system.
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PBES TUTORIAL

* Print Selection Button

* Activate the nearest computer printer within the area, and print the
necessary information requested

* Get to Specific Records

* Select the desired Project ID from the drop box list in cell J3, so the user
can view the entire project scope

» To Update and Add Records

* Using the arrow that were discussed earlier, select an entry from the saved
records and edit it. After finishing editing, click on the update button to
revise the changes made to the section.

« Starting with a blank form, enter the new data into the particular section
which correspond with the actual document used in the field to record the
data

+ Once you are done with entering the new information in the correct

segment, click the add button to store and save the new information
into the database.

Note: Warning alerts will appear if a user is trying to enter an exact 1D
number that is already saved into the system or if a user is trying to
update information that is not already saved into the systen.
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DATABASE CONTENT

QlInstructions

QIntroduce the system and its capabilities.

QIllustrates how the database is intertwined
logically (demonstrated by a flow chart)

QInform the user on the different button
functions that are important to when a user is
entering data.
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DATABASE CONTENT |

UGeneral Inputs

USections are broken down into specific categories
that match the different inspection forms.

UProvides the user with a source of references to
help guide the operators on how to maneuver
through the program.

WFrom General Information to Lab Results, General
Input is the section where the data collected in the
field can be found.
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DATABASE CONTENT

Ulnspection Inputs

UData that is reflected in the database was input
by Morgan State University’s contributors from

different sites where prefabricated beams were
fabricated.

Qlnspection data is from the inspector who has
examined the material in person and document
the results.

Qlnspection Input is the information collected
by the inspector as the different phases are
being tested in different conditions.
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DATABASE CONTENT

USummary
QSum up all of the subsection within the different

section in the General Input and Inspection Input

OThese summations are demonstrated by graphs

OHelp to see the overall picture of what is doing well
and what needed to be improved soon.

UOn-site Data
QOff-site Data
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SUMMARY OF FINDINGS

« Suggestions for waste minimization practices were
recommended and included examples such as: transporting
unused steel and concrete to materials facilities that can recycle
or melt down the materials as part of the lean manufacturing
process.

To assist with QA/QC process improvement procedures,
keeping camber measurements and crack openings within
acceptable tolerances are critical since cracks can grow as a
result of differential shrinkage and creep, which in turn, can lead
to the potential ingress of moisture and other deicing salts that
necessitate corrosion. These factors can result in strength
reductions and camber-related issues the longer these beams
are stored at the plant and not installed at their designated
project site.
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SUMMARY OF FINDINGS

« However, two major concerns were noted: 1) lack of automated
inspection processes to aid in streamlining paperwork and data
management, and 2) time-sequencing of stored beams such
that camber and crack measurement disparities do not become
an issue once transported to the job

« Alink to the user-friendly, interactive database was provided

within this report, and can be downloaded at
http://www.moniquehead.com/#!pbes/cwuw.

» Moreover, data management from the electronic database can
also aid in the second issue of time-sequencing/tracking of the
stored beams since the information is collected and stored in a
central repository/database.
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SUMMARY OF FINDINGS

+ Future work can consist of combining a previously funded SHA
project titled, "Radio Frequency Identification (RFID)," (see MD-
14-SP209B4G Final Report: Utilizing Auto ID Tracking System
to Compile OFS Data) and the inspection database created
herein to maintain critical data and track beams produced by
each project. Having this structure and "reporting out system"
will assist with inventory control (i.e. management of large

datasets or "big data") as well as accurate monitoring of beams
to minimize camber and crack disparities.

This will alsa assist in minimizing costs and time that may be
necessary to correct camber-related issues and large cracks
when installing beams on a job site since timing of beam
placement is not always known until demanded. Having such
an automated system of collected data can also aid future
bridge inspection and maintenance programs such that in-situ
measurements can be compared to initial beam production data
for durability assessment of cracks and camber-related
measurements, which also has the potential to save MD SHA
money and time.
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THANK YOU!

Questions or Comments?

Monique Head, PhD

monique.head@morgan.edu
Associate Professor, Structural Engineering
Department of Civil Engineering
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