
2016 ICRI Kick-Off Party | February 1, 2016

2018 ICRI Spring Convention
Seismic Solutions

Industrial Structure Column Repair
By: Mark Guirguis P.E., ICRI, ACI I

Jakub Szewczyk, ICRI, CSRT, CWI



2016 ICRI Kick-Off Party | February 1, 2016

• Project Background
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Coker Operation

Structural Loads:
• Extremely heavy 

Operating Loads (full 
drums, proof loads)

• Comparatively light Dead 
Loads

• Resulted in full perimeter 
column repairs (instead of 
phased approach) 

Presenter
Presentation Notes
Typical Coker operation:Explain how loads are not typical for this type of structure: The Coker structure has extremely heavy operating loads when they are full in comparison to the empty case during which the demo took place.  (And in some cases, the drums were even completely removed so we had 4’-6” square columns supporting structure DL and construction LL only).  Industrial structures are a hybrid between bridges (which have very heavy LL and comparatively light DL’s) and buildings (which have very heavy DL and comparatively light LL) because operating loads are generally treated like DL’s since they are well defined and have the same load factors.  Industrial structures supporting large vessels are often designed for a Hydro test (proof load) case where the vessel is completely filled with water for a short period of time.  This load case often governs for gravity loads.  Since construction load cases use reduced wind speeds and seismic is often ignored, there is typically a significant reserve off compressive capacity in the columns.We were able to take advantage of all of the above factors to minimize the number of placements / phases in the column repair
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Coker Unit at a Midwest Refinery
• 3 Steel Derrick Structures
• 6 Coke Drums (2 per Derrick)
• 3 Concrete Decks
• Concrete Chute
• Coke Pit
• Overhead Crane

Presenter
Presentation Notes
Typical Coker Structure:DerricksDrums PitOverhead CraneNote for Mark: If you find better picture please replace, this one is from Google Maps. 
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Project Timeline:
1. Repair accessible Columns 

prior to unit outage (phased)
2. Remove Top Derricks 

(Max 700,000 lbs)
3. Remove Old Drums 

(Max 480,000 lbs)
4. Repair Concrete Structure 

(45’ tall)
5. Install New Drums 

(Max 550,000 lbs)
6. Re-install Top Derricks
7. 47 days

Presenter
Presentation Notes
Typical Coker Structure:DerricksDrums PitOverhead CraneNote for Mark: If you find better picture please replace, this one is from Google Maps. 
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Design Parameters
• Determine Extent of Concrete Damage
• Design for Additional Loads of New Drums
• Determine Loading During Construction
• Seismic Considerations

– Category B
– ACI 318-11 Chapter 21 Section 21.3.3.2
– Stirrup Spacing reduced from 18” to 6”

Presenter
Presentation Notes
Typical Coker Structure:DerricksDrums PitOverhead CraneNote for Mark: If you find better picture please replace, this one is from Google Maps. 
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Coke Drums

Overhead Crane

Hopper

Coke Pit

Bucket

Deterioration Mechanisms

• Mechanical and impact 
damage

• Water and moisture cycles 

• Freeze / thaw cycle 

• Temperature differences

• Vibrations from equipment 
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Deterioration
- #3 Stirrup spacing at 18” (many 
were damaged)
- Structure vulnerable to brittle 
column failure in seismic event
- Code requires 6”
- Heavy deterioration
- No concrete cover in many 
spots
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Repair strategy 
• Column Repairs phased based on 

loading and accessibility. 3 different 
loading conditions:

• Fully loaded drums and derricks

• Empty drums

• Removed drums and derricks

• Installing new shear reinforcement

• Augmenting damaged reinforcement
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Presenter
Presentation Notes
StructurePoint column analysis performed to determine how much concrete could be removed during the demo phase.  Recall that the ICRI training stated that you should never demo behind vertical column reinforcement without engineering approval.  We were the engineers determining how much could be removed in a single phase.  Note that the figure below shows a phased approach in which a corner was removed, but in many cases we were able to demo on all 4 sides checking the column using ACI 318, chapter 22 – plain (unreinforced) concrete.
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Phasing

Presenter
Presentation Notes
StructurePoint column analysis performed to determine how much concrete could be removed during the demo phase.  Recall that the ICRI training stated that you should never demo behind vertical column reinforcement without engineering approval.  We were the engineers determining how much could be removed in a single phase.  Note that the figure below shows a phased approach in which a corner was removed, but in many cases we were able to demo on all 4 sides checking the column using ACI 318, chapter 22 – plain (unreinforced) concrete.
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Repair strategy 
• Stirrup spacing reduced 

from 18” to 6” to meet 
current seismic 
requirements and 
increase column ductility

• Vertical reinforcement 
augmented

• Cathodic protection 
installed

• Higher strength concrete

Presenter
Presentation Notes
Picture showing new #4 Ties installed with some reinforcement augmentation.
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Presenter
Presentation Notes
Protective corner and face plate for falling coke and crane bucket impact.  Note that plates were installed flush with face of concrete (no protruding bolt heads) and often seal welded to prevent moisture infiltration.
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Repair strategy 

Presenter
Presentation Notes
Explain the existing condition of the reinforcement and how existing #3 Ties are deteriorated with some section loss on main reinforcement
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Cathodic Protection
Anodic Ring (Halo Effect)
• Halo Effect phenomena is 

associated with a repair area 
that is surrounded by “new” 
corrosion sites. 

• Halo Effect is one of the 
primary reasons for shot-lived 
repairs. 

Presenter
Presentation Notes
Cathodic protection refers to the process of delivering a direct current using an anode to counteract the corrosion current of steel within a conductive electrolyte (Pedeferri 1996; Scannell and Sohnghpurwala 1993). For the purposes of this document, the electrolyte is generally the water and ionically conductive materials within concrete. This method in effect moves the anodic reaction from the steel to another artificial anode where the passage of current can occur without damage to the concrete. CP systems can be grouped into two basic types: impressed current (that requires an external power supply) and galvanic or sacrificial systems (that generate their own current via the bimetallic coupling of dissimilar metals). In both cases, the currentpolarizes and protects the reinforcing steel, making it function as a cathode—hence, the name cathodic protection.



2016 ICRI Kick-Off Party | February 1, 2016

Presenter
Presentation Notes
Installing galvanic anodes for corrosion protection.  Even though vertical bars were fully encased in new material, there were existing stirrups that extended into the original concrete core so there was a potential to create a corrosion cell / halo effect.



2016 ICRI Kick-Off Party | February 1, 2016

Presenter
Presentation Notes
The final product. 



2016 ICRI Kick-Off Party | February 1, 2016

• Project Background
• Deterioration Mechanism
• Repair Strategy
• Seismic Design Challenges
• Constructability Challenges
• Results

Presentation Outline



2016 ICRI Kick-Off Party | February 1, 2016

Presenter
Presentation Notes
Location of the region (Seismic Design Category B)
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Per IBC 2012 Section 1901 General:

• 1901.1 Scope. The provisions of this chapter shall 
govern the materials, quality control, design and 
construction of concrete used in structures.

• 1901.2 Plain and reinforced concrete. Structural 
concrete shall be designed and constructed in 
accordance with the requirements of this chapter.

Zone 1 is an outdated term to define seismic risk 
which has been replaced by the term “seismic design 
category” (SDC). The current SDC corresponding to 
Zone 1 is “B” per ACI 318-14, Table R5.2.2.
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Presenter
Presentation Notes
The concrete was phased to be repaired in maximum 12 foot high sections, where concrete was removed on all 4 sides of a column. This was determined prior to construction using analysis software. 
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Mast Climbers
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• System for Identifying Reinforcement 
Augmentation

• Engineering Field Support Beneficial
• 30lb hammers for concrete surface and 15lb 

hammers around reinforcement
• Importance of considering constructability in 

repair design and in meeting current seismic 
code provisions

Lessons Learned
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Project Team:
Mark Guirguis
Nick Triandafilou
Jakub Szewczyk
Slawomir Domagala
Kathy Sitko
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QUESTIONS?
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