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Coker Operation

Delayed Coker
Schematic

COKER FRACTIONATOR

FUEL GAS & LPG to

Structural Loads:
e Extremely heavy L

Operating Loads (full
drums, proof loads)

* Comparatively light Dead H ot
Loads

e Resulted in full perimeter

column repairs (instead of - ks

phased approach) \—"Hm

TACUUM
REZIDUE

JET WATER
FUMP
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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



Coker Unit at a Midwest Refinery
e 3 Steel Derrick Structures

e 6 Coke Drums (2 per Derrick)
e 3 Concrete Decks

e Concrete Chute
e CokePit —
e QOverhead Crane
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Presenter
Presentation Notes
Typical Coker Structure:
Derricks
Drums 
Pit
Overhead Crane
Note for Mark: If you find better picture please replace, this one is from Google Maps. 



oroject Timeline:

1.

2.

6.

Repair accessible Columns
prior to unit outage (phased)

Remove Top Derricks

(Max 700,000 Ibs)

Remove Old Drums

(Max 480,000 Ibs)

Repair Concrete Structure
(45’ tall)

Install New Drums

(Max 550,000 lbs)

Re-install Top Derricks

47 days
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Presenter
Presentation Notes
Typical Coker Structure:
Derricks
Drums 
Pit
Overhead Crane
Note for Mark: If you find better picture please replace, this one is from Google Maps. 
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Design Parameters

e Determine Extent of Concrete Damage i
e Design for Additional Loads of New Drum|, .
e Determine Loading During Construction S

e Seismic Considerations
— Category B i, i R |
— ACI318-11 Chapter 21 Section 21.3.3.2 [/ & ) -

| | comsur tntervan, s

— Stirrup Spacing reduced from 18” to 6”
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Presenter
Presentation Notes
Typical Coker Structure:
Derricks
Drums 
Pit
Overhead Crane
Note for Mark: If you find better picture please replace, this one is from Google Maps. 
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Coke Drums
Deterioration Mechanisms

Overhead Crane

e Mechanical and impact | |
damage B

e Water and moisture cycles = -

* Freeze / thaw cycle g 1] R 111 -8 I Bucket —

) L ;i_ﬂ:%\. ] * /
* Temperature differences =TT

* Vibrations from equipment memmEmg ) Core pit
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Repair strategy e

e Column Repairs phased based on | ; /‘ ., M —~
|

- AR N R
loading and accessibility. 3 different D o S

loading conditions: = ¢

* Fully loaded drums and derricks ... | "= “ /0 R

e Empty drums RN

 Removed drums and derricks T A\@] |

* Installing new shear reinforcement e
 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.


Phasing

54 x 54in

Code: ACI 318-11

Units: English

Run axis: Biaxial

Run eption: Investigation
Slenderness: Not considered
Column type" Structural
Bars: ASTM AG15

Date: 081117

Time: 13:24:36

(Pmin)

-2000

(Pmin)

7000
M (139°) (k-ft)

54 x541in

Code: ACI 318-11

Units: English

Run axis: Biaxial

Run option: Investigation
Slenderness: Not considered
Column type: Structural
Bars: ASTM AG15

Date: 081117

Time: 13:25:45

T000

P = 3008 kip

-7000

STRUCTUREPOINT - spColumn v5.50 (TM). Licensed to: Brindley Engineering Corporation. License 1D: D0000-0000000-4-2293D-22930

STRUCTUREPQINT - spColumn v5.50 (TM). Licensed to: Brindley Engineering Corporation. License ID: 00000-0000000-4-2293D-2293D
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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.


S
Repair strategy

e Stirrup spacing reduced
from 18” to 6” to meet
current seismic
requirements and
increase column ductility

e Vertical reinforcement
augmented

Cathodic protection
installed

e Higher strength concrete
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Presenter
Presentation Notes
Picture showing new #4 Ties installed with some reinforcement augmentation.


REWOVE STEEL CLADDIMNG
N /-QN COLUMH FACES
E 4—6" Tre. CRIGINAL COLuvs wIOTH
é ¥—" TYE. REFARED COLUMN WIDTH \ 4'—0" ORIGINAL DM,
REPAR M CORNER PLATES PER [T #-2" REFAIRED DIM._
[ xias 1'\ FATE DETAL ADD 1" CONCRETE TO 4 lsmEs ( — 3
B/REPAIR - B
B o1/ 'MTH 1,:'2 DIAMETER EN]STING cotupn |
STUDS @12° 0.C. [TY2.) —SEE EXTERIO
ok GHUTE TYPICAL CORMER PLATE DETAIL poto _
L | e E08 TiRgut 11 AobD-11 INTERMITTEMT FIELD
AHD 113=50—620 THROUGH 113-5D0-522 INTERMITTENT ELD WELDED FROM
WELDED FROM ) EL. +570'—4" TO
EL +570—4" To'8 UA) == EL. +575'—0" ONLY
EL. +575'—0" ONLY gl=
]
A 2 %
\ g
Nt &l
LN ‘ol
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o] B +550'—4" ==
v T . a 1ALE
SO L
\\ 1" LAy
I
N 7 SEE NOTE 3. Lnnn #4 0 & & 0.0 BETWEEN
__ Lal ] EXISTING TIES @ 18" 0.0, FROM

EL +570'—4" TO EL. +502'-0"
COLUMN A1 REPAIR  (SEE DETALL 1)
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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.



Repair strategy

Anm 1Y COMCRETE TO —EXISTING COLLUEN -
ALL ZIDES ON OOLUMWN |I EXTERICH &
£ L
——
! ra
- | COVER (TVR.)
.j - apn ot 1 @ 6" o
' | RETWEEN EXISTING
:'_ TES & 18" 3.0
| {SEE CETAIL 1)
— GALVARIC AMODE
E¥IST. COLLIWM FER MANUFACTURERS
RECOMUWENDATIONS —
EXIST. COLUMH +2° SEE WOTE 2
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Presenter
Presentation Notes
Explain the existing condition of the reinforcement and how existing #3 Ties are deteriorated with some section loss on main reinforcement


Cathodic Protection

Anodic Ring (Halo Effect)
i
 Halo Effect phenomena is U R R Galvanic Anode e.g

associated with a repair area J' Current Flow l 1

that is surrounded by “new” Current l
corrosion sites.

e Halo Effect is one of the
primary reasons for shot-lived
repairs. p—
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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 current
polarizes and protects the reinforcing steel, making it function as a cathode—hence, the name cathodic protection.
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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.
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Presenter
Presentation Notes
The final product. 
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Presenter
Presentation Notes
Location of the region (Seismic Design Category B)


Table R5.2.2—Correlation between seismic-related

: terminology in model cod
Per IBC 2012 Section 1901 General: rminology In mode’ codas
Level of seismic risk or assigned
L. . Code, standard, or resource seismic performance or design
e 1901.1 Scope. The provisions of this chapter shall document and edition categories as defined in the Code
govern the materials, quality control, design and ACI 318-08, ACI313-11, ACT
) ) 318-14; IBC of 2000, 2003,
construction of concrete used in structures. 2006, 2009, 2012; NFPA 5000 of | SDCH spce | SPeD,
2003, 2006, 2009, 2012; ASCE AB EF
. . 7-98, 7-02, 7-05, 7-10; NEHRP
e 1901.2 Plain and reinforced concrete. Structural 1997, 2000, 2003, 2009
concrete shall be designed and constructed in ACI 318-05 and previous Low | Moderate/ | High
. . . diti seismic intermediate | seismic
accordance with the requirements of this chapter. editions risk | seismicrisk | risk
BOCA National Building Code
Zone 1 is an outdated term to define seismic risk 1993, 1996, 1999; Standard Spcll SpC
. v .. . Building Code 1994, 1997,1999; |\ "p SPCC DE
which has been replaced by the term “seismic design ASCE 7-93, 7-95; NEHRP 1991, | |
. 1904
category” (SDC). The current SDC corresponding to o~
s upn _ Uniform Building Code 1991, Seismic Seismic elemie
Zone 1is “B” per ACI 318-14, Table R5.2.2. 1994, 1397 rome0.1 | Zome? 2301;9

MSDC = seismic design category as defined in code. standard, or resource document.
PISPC = seismic performance category as defined in code, standard, or resource
document.

_-‘i'"  IMTERMATIGMNAL

o ﬁHgHﬂEan: 18 Spring Convention | ill!lflll:ﬂﬂhj’[i{!lﬂﬂ | April 11-13 | San Francisco




INTERNATICOMAL

¥ CONCRETE REPAIR anvention | ﬂull:sﬂlutinns. | April 11-13 | San Francisco

I NS TITWUTE



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. 


Presentation Qutline

* Project Background

e Deterioration Mechanism
* Repair Strategy

e Seismic Design Challenges
e Constructability Challenges

e Results

oy INTERNATICOMAL

.|| CONGRETE REPAIR 118 Spring Convention | slisl'lltsnlutic-n:z | April 11-13 | San Francisco
¥ 1 HETITUTE




Mast Climbers
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Presentation Outline
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Lessons Learned

e System for Identifying Reinforcement
Augmentation

 Engineering Field Support Beneficial

 30lb hammers for concrete surface and 15Ilb
hammers around reinforcement

* Importance of considering constructability in
repair design and in meeting current seismic
code provisions
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Project Team:

Mark Guirguis

Nick Triandafilou
Jakub Szewczyk
Slawomir Domagala
Kathy Sitko
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