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Repair of Damaged Bent Caps & 
Columns Using SCC & GFRP Rebar



o

o

o

o

o

3



4



o

o

o

o

o

o

5



6

Left: damage at underside of bent caps, Right: close-up of broken corner of 
stirrup
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Quality control of continuous processes

2nd International Workshop on GFRP bars for Concrete Structures



Assets and challenges of continuous manufacturing processes

The automotive approach:
Description of the process(es)
Risk-based analysis
Monitoring, inspections and controls

Beyond quality control: improvement

Conclusion



Continuous flow of material at different stages of transformation

Machine(s) always on

Several sensors and feedback loops

Assets and challenges of continuous manufacturing processes

Fibres

Polymer-based mix

Composite rebarPROCESS



Failure of the process can result in failure of the product, failure of the product hints at an out-
of-control process.

Process parameters and product properties are tied.

Assets and challenges of continuous manufacturing processes

product

process

stability



Inspired by the automotive industry: flow chart

• List of the steps in chronological order

• Characteristic of the flow of material

• Useful to plan a plant layout

• Birds-eye view (but nothing is missing)

Description of the process(es)
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operation

1.1 unload raw material

1.2 move raw material to the receiving area

1.3 inform QA inspector

1.4 inspect raw material

1.5 identify accepted and rejected material

1.6 move raw material to storage area

1.7 place raw material at the proper location



Inspired by the automotive industry: FMEA

Potential Failure Mode and Effect Analysis

Risk-based analysis

Process 
Functions / 

Requirements

Potential Failure 
Mode

Potential Effects 
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Potential Causes 
/ Mechanisms of 

Failure

Current Process Controls

Prevention Detection



Inspired by the automotive industry: FMEA

Risk-based analysis
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Inspired by the automotive industry: control plan

Actions taken based on the RPN: the greater the risk, the more frequent the inspections, the 
more accurate the measurements, etc…

Road map to explain QC as logical and justified activities supported by a risk analysis of the 
manufacturing process(es)

Monitoring, inspections and controls

Operation
Characteristics Method

Records
Corr. 

ActionProduct Process Spec./Tol. Instr.
Sample Method of 

Ctrl.Size Freq.

production
cure ratio (stability) ≥95% DSC 1 1/shift

ASTM 
E2160

computer
scrap bars
adjust 
process 
param.

Tg (stability) ≥100°C DSC 1 1/shift
ASTM 
E1356

computer



Using a flow chart, FMEA and control plan opens several doors:

• Facilitating process reviews
• Planning of maintenance (preventive, predictive)
• Raising H&S concerns
• Prioritizing and implementing improvements
• Identifying weaknesses

Objective: stay in control

Improvement



Tools are available and field-tested to plan the quality of the product.

The setting parameters of a continuous process guarantee the performances of the product.

Deep analysis of the process help to ensure the consistency of the product batch after batch.

Thank you!

Conclusion
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