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p Stephen Foster joined WJE in 2010 and since that time has
fi-'. investigated, evaluated, and provided rehabilitation services on
\"* numerous structural and architectural projects. His project work

experience includes concrete, steel, masonry, and wood structures.
Mr. Foster also prepares construction documents for various repair projects. His
professional affiliations include the American Concrete Institute, International
Concrete Repair Institute, National Association of Corrosion Engineers, and
Structural Engineers of Texas.
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BACKGROUND INFORMATION

Structure:

* Inservice since
1986 |

* 128ft[39m]
diameter

wv‘ﬁ. -




Beams:
* 220 beams

¢ 1ftx8in
[305 mm x 203
mm]

* “Ears”

, =

 filter media

TYPICAL BEAMS

Piers:
* 208 piers

¢ 14in diameter
[356 mm]

* 3to3-1/2fttall

osto 1im]

TYPICAL PIER

* Cracked beam
“ears”

* Cracking of slab

* Missing hairpin
reinforcement
at bea

* Beamend

- = 4‘,@

Wﬂl

PREVIOUS REPAIRS ON TF2
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Girders:
* 106 girders

* 18insquare
[457 mm]

TYPICAL GIRDER

* Cracked beam
ey

* Cracking of slab

* Missing hairpin
reinforcement
at beal

* Beam end
spalls m—

Setant jo
-.- w anuonﬁ

PREVIOUS REPAIRS ON TF2

* Cracked beam
“ears”

* Cracking of slab

* Missing hairpin
reinforcement
at bea

sl Bea’m end

PREVIOUS REPAIRS ON TF2




PREVIOUS REPAIRS ON TF2

* Cracked beam
“ears”
* Cracking of slab
* Missing hairpin
reinforcement
at beam_: - ]
* Beamend
spalls
|« Sealant j
o wall—
"
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* Cracked beam
“ears”

* Cracking of slab

* Missing hairpin
reinforcement
at beami - ]

* Beam end
spalls

GOALS OF ASSESSMENT

Task: ¢ Develop
* Comprehensive wholesa Ie
condition

understanding of

Goals: the structure

« 3oyearsof  * Focus

~ additional f
N ielm .  maintenance
e strategies at

' critical locations

* Precision in

| repair documents |
* Repair now or

later?

assessment

PREVIOUS REPAIRS ON TF2

ASSESSMENT STRATEGIES

¢ Tools for concrete assessment
— Field Investigation
— Laboratory Evaluation

GOALS OF ASSESSMENT
* Comprehensive
condition / Damage
assessment = aaieaias . . 8 8 b
Goals: i &
= s = S 3
L ::J‘:;':f 2 g ”Cormsmn
,en,,,_.e““’_ i g_g_ Initiation at Chl.
| - Developscope 5§ Threshold (C;)
.___;W ¢ o] g %
3 oms Chloride
i Yz Accumulation
Initiation Propagation Time]
Time (t) Time (t,)
ASSESSMENT STRATEGIES

* Field Investigation

— Visual Survey/
Acoustic Sounding

— Cover Survey

— Half-Cell Potential
— Corrosion Rate

— Carbonation Testing
—GPR
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VisuAL/AcousTic/COVER SURVEY VIisuAL/AcousTiC/COVER SURVEY

¢ |dentify concrete
delaminations

¢ Document
cracking patterns

* Non-destructive
cover survey —
verified by core
and half cell
locations
* Locate Half-Cell,

1 Corrosion Rate, &

Core locations

based on visual

results

__ * Paste erosion along soil line at
exterior of perimeter wall

'\

HALF-CELL POTENTIAL HALF-CELL POTENTIAL

Indication of corrosion risk for
reinforcement

Factors: moisture, continuity, carbonation,
delaminations, adjacent soil

Multimeter [JEE)
E‘mme V=1Rneter
(stable Cu* +2¢ —Cu

| * Saturated concrete= more negative
potentials (less resistance)

|

potential)

HALF-CELL POTENTIAL

j . ) @
~ * General potential gradient = more e Uniform o e
negative at bottom of Trickling Filter ~ HCP Sl E B B R
~ « Look for “hot” spots gradient =
corrosion
not likely B+~
o ';]Z—'Z w
L i3 ™ | w W




e “Hot” spot = R gy e,
. 7 T TS =z [
possiblearea = ﬁ 1559 g
of corrosion { o
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HALF-CELL POTENTIAL

* Measures potential difference between
reinforcement and copper-copper sulfate
electrode

Electrode

Half Cell
Reaction

Electrolyte
M (for reinforced
its.
Half Cell !
Reaction concrete)
Mo M +e

HALF-CELL POTENTIAL

* Interpreting results

— Positive Values
e Is concrete dry?

* Electrical
interference

* Reversed leads

* Poor contact to
reinforcement

HALF-CELL POTENTIAL

* Interpreting results
— Carbonated concrete (more positive)

Carbonated Concrete N
. Rishigh
Fe--cornie. is'ﬁigh b e
-  Micro cells occur

© °  Mixedpotentials .

HALF-CELL POTENTIAL

¢ Interpreting results
— Delaminations (more positive)

HALF-CELL POTENTIAL

¢ Interpreting results
— Concrete adjacent to soil (depends)




CORROSION RATE TESTING

Gecor™

0.1 2= .

i * Measures instantaneous snapshot of
e <o corrosion rate by measuring

HA/cm? = low polarization resistance (Stern-Geary
>0.5t0<1 Equation) o
1A/cm?= moderate. b

e Temperature
and moisture
will influence
readings
| * Beams=0.05pA/cm?
e Girders =Wall =
0.35 pA/cm?

CARBONATION TESTING

e ¢ Influenced by relative humidity
yrs="~1in.
[25.4mm] typical — CO, transport limited when pores are
concrete

saturated
Most rapid at R.H. .
son% e Carbonation depth:

o beams < girders <piers
| typ. Iessth_a_;]l
[25 nlli]_.hﬂde

e MEASURED CARBONATION DEPTHS, IN. [MM]

Element Minimum Maximum Average

Beams 0.25[6.4] 0.25[6.4] 0.25[6.4]

Girders 0.25[6.4] 0.75[19.1] 0.53[13.6]

Piers 0.38 [9.5] 1.00 [25.4] 0.57 [14.5]
ASSESSMENT STRATEGIES

¢ Laboratory Evaluations
— Petrography
— Compressive
Strength
— Rapid Chloride il
Permeability (RCP)
— Sulfate Content  ff
— Soil Testing
— Chloride Content
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CARBONATION TESTING
Typical concrete: * Carbonation progresses ~0.04 in
pH 12-14 . .
[1 mm]/year in typical concrete
iy detenamtes - * Moisture + oxygen + low pH =

PHOSIL. . corrosion

Phéﬁolphthaleu :
plnkiw__. —
= _. % h_!
| 25yrs pndeim

[25 [nmj_islcal i

|
GROUND PENETRATING RADAR

Results: * Non-destructive technique to verify
GPR on 74 of 196 . .

eams withihgiraTnch presence of steel hairpins at the
randomly selected endS Of beams

Verticaland ~  stirrups

horizontal scans -

P

how
pins in plact

—_
=

Opposite face Vertical dowel bar

|
PETROGRAPHY & COMPRESSIVE
STRENGTH
%‘,ﬂmw * Assess the general composition of
:;.:’:.i.’:ﬁ:fof concrete and identify any distres
Hardened Concrete mechanism i
-
ASTMCa2 * 04t00.5
P Tff.' b:i w/c ratio
| Fstng brifedcores | * NO ASR/DEF R
wedBeamsof| , /g strength = R i void B
| 6,740 psi ;
[46.5 MPa] i rvoid -3 |




RAPID CHLORIDE PERMEABILITY

ASTM C1202 * Measures < ‘::',’::’:.”;".‘.‘-‘
i e resistance of

Method for Electrical ke et i boigcosiseg
Indication of concrete to

Concrete’s Ability to

Resist Chloride lon Chlorlde . :::nu-!__“ I
Penetration penetration

= ° Results: g I jﬂﬁﬁﬁﬂ
~ —480t01015 e e am—"
coulombs .
Charge passed, Chioride ion
_ AVg =800 coulombs penetrability
Y4000 High
COUIombS = 2000 10 4000 Moderate
very low 1000 10 7000 Low
permeability 28901000 Newylow
G Megligible

CHLORIDE CONTENT ANALYSIS

ASTM C1152 H

e * Chloride content vs. depth — level of
Method for Acid- i

Soluble Chloride in rel nfo rcement

Mertarand Conerete . o Ch|oride corrosion threshold:
%ﬂ ' — 0.2% by weight of cement

-nxzhodforrome = — 350 ppm by weight of concrete
Lwinlaiandgonu —~1Ib/cu yd of concrete

¢ Some chlorides bound in concrete
(not available to promote corrosion)

CHLORIDE CONTENT ANALYSIS
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ASTM C265
Standard Test
Method for Water-
Extractable Sulfate in
Hydrated Hydraulic
Cement Mortar

ASTM C1580

Test Method M
';wlsfa in Soll ‘_..J
|— ti-'"' ]

Piers:
>500 ppm at
reinforcement o W © Chloride
il

Beams/Girders: " = beani tver
<400 ppm at 3 500 'l = = =Girder cover
reinforcement - :| _____ Pier cover
Tug of Wall: b# Beam

ppm at ——— Girder

rernforts_m_e_ut ‘-J

Chioride content, ppm

Pier

Depth, in.

e Concrete: 1.4% (by mass) sulfate at

* Soil: 0.1% (by mass) =

SULFATE CONTENT & SoIL TESTING

depth of 0 to 1 in. [25 mm]

= 1.5 x background content
“moderate
sulfate exposure” per ACl 318

Background chloride
content = 70 ppm

Revised Chloride
Threshold >
420ppm

“Hump” due to
transport met

Absorlgmnj ‘-J,
| Diffusi

CHLORIDE CONTENT ANALYSIS

600
o MSC1 (acid)
500 45— MSC1 (water)
= = = MSC1 differtnce
4— MTC3 [acid)
400 1 — MTC3 [water]
= = — MTC3 difference

Chloride content, ppm
w
8

=y

1] +
RESULTS OF ASSESSMENT
* Beams
e Girders
¢ Piers

¢ Perimeter Wall
e Slab
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v T F
BEAM RESULTS " s GIRDER RESULTS
Avg.cover=  * Cracking along the beam “ears” that support ag.cover=  * Transverse cracking at ~20% of top
‘1.54in. [39 mm] the filter media ‘1.5in.[38 mm] ti f girder bet b
el ::1 ¢ Transverse cracking on top of beams across e hy mpor Ion of girder between beams
arbonation = 1 arbonation = v
e girder support ‘_’-, H I [ o Chionde
.o'f.sf"'[ﬂﬁa .+ Cores taken at HCP “hot spots” — no 053 ST " ' } A | — = comer
significant corrosion ve 1\ il
S - - | : ° .f° -« MR, COVET
§"m 2 —— M
B T
g0 o
i .;_-'o roo o
gzw .-?.E I[' ;
100 :"E lt o
A
Wil T
] 1 2 3 4 5 &
Depth, in
F r P
GIRDER RESULTS # P PIER RESULTS
agcover=  * Cracking / delaminations at beam B 2™ e Cracking and
15in. [38 mm] bearing at the center standpipe . corrosion at
cabonation=* Restrained thermal contraction of A | i
0.53in. [:1.36"7".; . beams 57in[4smml - transverse reinf. —
' y P- many repaired with
epoxy previously
. * Limited oxygen &

saturated concrete
= “black” rust, less
expansive than
“red” rust

PERIMETER WALL RESULTS 7 " SLAB RESULTS
Cover: .~ Deteriorated sealant joint at slab 2 51 ) ~ + No systemic visual/acoustic distress

<Lin.[25 mmin e« Isolated delamaninations at interior
some locations on ‘:1

top il
1

* Distress / delams along top of wall .Svssufa;::’:,;al: i ° Isolated discrete surface
- delaminations (~1-2 sq. ft.)

Paste erosion / scaling along soil line Chloride co

thchlor 1
WPIJF ﬁ.i' | W t e« Corestakenat | BIH
| 801 PP"I) forceme . .
; ‘J ~ delaminations;
) no corrosion
observed
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Goal:

30 years of
additional service
life ]

Fix it now or later?

Deteriorationat a
single location

SERVICE LIFE MODEL

v Surface

/ Damage

Corrosion
Initiation at Chl.
Threshold (C;)

Chloride
Accumulation

Initiation
Time (t))

Propagation Time
Time (t,)
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Model based on:

* Exposure
conditions

* Concrete quality

* Cover depth ]

* Cracking

Area effected, %
ot g w

woB oA A
o w o n o

’,
9 ’
¢
15 ¢
‘
10 mtmimpymimimimememfm i mememe ==
.
5 7
o
0 =
o 10 20 30 a0 50

} = = = Projected inftiation

SERVICE LIFE MODEL

= « = Damage Theeshold

®  Observed damage
in 2011

Projected Daruge, ,”
waest case B

Time in service, yrs.

Estimate rate of
deterioration

Predicts percentage :
to exhibit damage
overtime

SERVICE LIFE MODEL

m P3

——p5

Chioride content, ppm

Depth, in.

Calibration for Piers

Results for Piers

Repair areas with
observed damage:

« Beam ‘“ears”

o Salt I';ydrati'on |
distres: N

= N . '\g

REPAIR STRATEGIES

. » Goal: 30 years of additional service

REPAIR STRATEGIES

life
Repair all observed damage
Focus long-term maintenance
strategies at critical areas
— Piers

* Shortest remaining service life
— Top of Wall

« High chlorides
* 50% delamination

Repair areas with
observed damage:
* Top of Girder 4
cracking
=,

REPAIR STRATEGIES

NEW CONC,, REBULD
PER 11550, TYP,

s COAT ALL EXPOSED
REINF, Wi CORROSION
COATING

Repair top of
girders;
Coat with

membrane = -
SPECIFIED DRY-PACK | zT'

MORTAR. REF, SPEC. |
SEGTION 3910, TYP,— =

EXISTING CONC,
GIRDER, TYP,

L INSTALL SACRIFICIAL GALY.

ANCOES PER 18/55.0; MIN,
(2) PER EXPOSED STIRRUP

Repair beams

and girders at
standpipe




REPAIR STRATEGIES

~ * Stay-in-place for with sacrifical

cathodic protection system

CONCLUSIONS

¢ Advantages of comprehensive
condition assessment
— Develop wholesale understanding of
the structure

— Focus maintenance strategies at critical
locations

— Creates precision in repair documents

— Final repair quantities £10% from
Construction Documents
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TERMINATE SYSTEMIN
SAWCLT REGLET, TYP,

Condition Assessment and Concrete Repair Strategies

QUESTIONS?

10



