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Macro-cell corrosion mechanism in PT tendon

| | v EHIHO| MAS HE HAGe 221D SO
Air void
OIof i E 830 S IS0 =2
- QMBS A2 39 AHMA macro-anode)
21 al gJaod rs | Al A2 = L=
Large macro-cathode > 5= x |_E-r0"k| ojl. TS, :lgl'E oo" LS
> SO STHAEH
Grout
- XFERE 2 29 S4MY macro-cathode!
. PT strand
'\ > PHII =2 )M 2HAD} HESH MY

HDPE duct

[Ref.] FHWA, Post-Tensioning tendon grout chioride thresholds, 2014
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2006 PTI TECHNICAL CONFERENCE-SESSION-6 MECHAMNISM AND DETECTION OF CORROSION OF

ALBERTO SAGUES AND RODMEY G. POWERS
POST-TENSIONED TENDONS IN FLORIDA BRIDGES

Aggravation by Galvanic Coupling
How it all works together

®*The bulk grout-void interface is electrochemically
coupled to the rest of the passive strand and anchor
metal.
AIR AND
BLEED VOID
CHLORIDE — ® After passivity breakdown, oxygen reduction at
PATH CARBNATED those large surfaces can intensify corrosion at the
s steel emergence point.
- ROUT
POURBACK
v 8328 J|20H0 FSSEHIF XA &I
&kA 2t 0|l o2t HOT SPOTSOIAM 4101 &=
(TILT VARIES ) CONCRETE

12

[Ref.] FDOT, Mechanism and Detection of Corrosion in PT Tendons in Florida Bridges, 2006
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» VDOT News - Richmond
Varlna_Enonm AI‘HI RELEASE: IMMEDIATE RICH-0726
CONTACT: Dawn Eischen (804) 524-6179 May 24, 2007
Richmondinfo@VDOT .Virginia.gov
v 19904 78 &3, 2882 5 X 480J1 €IH
- StA LY 8IH(67H Draped) QIS HIH, 1974 ZAHM/HIY, O oy

CHESTERFIELD/HENRICO COUNTIES—During a routine inspection of the Varina-Enon Bridge, the Virginia
A A di H Department of Transportation (VDOT) found evidence of corrosion in one of six steel strands located inside the bridge
\/ 2001 E ol. %I.T E A 7I_:I, Sllg corroued* along the southbound approach span. As a precaution, specially permitted loads over 57 tons (115,000 Ibs.) will be
restricted from driving over the bridge at 1-295 south until repairs are completed. The northbound side of the bridge is not
affected by this restriction.

ALAL “The bridge is structurally sound and can withstand normal traffic loads,” said VDOT Richmond District Structure and
\/ 20 03 & 2 004 E H PG E ;II I g‘ j EI' %I [VG] E A AI Bridge Engineer Gary Martin, P_E. “This weight restriction only affects trucks carrying overweight loads, which are
required to have a permit and adhere to a designated route.” The Virginia Department of Motor Vehicles (DMV) is
responsible for issuing permits and routing vehicles around restricted structures for both weight and clearance.

- [H gll: 55%2I ﬂ E 0“ [H GI' O:I I j EI"?' E E ¢ VDOT is posting signs and using variable message boards to communicate these restrictions to truckers. In addition, the

DMV is contacting special permit holders to give them route instructions. Drivers carrying loads over 57 tons that had
planned to use 1-295 south over the Varina-Enon Bridge should call the DMV’s hauling permit section at (804) 497-7135
for further instructions.

\/ 20 0 7 E E ¢ $ 3 ~ 4 E u._l'o" ]II' EI' tél'AoH VDOT inspects all bridges every two years. In fact, the last inspection for the Varina-Enon Bridge was in 2005. At that
time, there was no evidence of corrosion in any of the steel strands.
— 2 AN CHf&S S C} “Routine bridge inspections are a critical part in maintaining structural safety,” said Martin. “In this case, we were able to
1 JH E“ I“ CI. 1 H EJ —_ - J 2 J I. L [ L 3 J I' - ] m E identify a potential weakness before it became a more serious problem.”

I Over the next few weeks, VDOT and contractors will make repairs to the bridge. Other than the posted weight restriction,
= 2 JH m X‘" 1-295 south travelers will experience periodic lane closures during repairs.

The 17-year old, cable-stayed bridge spans the James River and connects Chesterfield and Henrico counties. The
southbound side carries approximately 17,000 vehicles per day.

v SNZGTE 014 MG L 9IS DS

[H Information in VDOT news releases was accurate at the time the release was published. For the most current information
about projects or programs, please visit the project or program Web pages. You may find those by searching by keyword
in the search Virginia DOT box above.

« PTI, VDOT Experience with grouts and grouted PT tendons Fegmmder 1gommey
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2.2.24.  Varina-Enon Bridge, Virginia, US

The Varina-Enon cable-stayed. post-tensioned, segmental concrete bridge over the James River

near Richmond, Virgmia (Figure 2-7). was opened to traffic n 1990. One of the external
tendons 1n this bridge failed m 2007 (after 17 years of service). Figure 2-8 shows the failed
tendon. This tendon failure draws special attention because of the fact that the failure occurred
at approximately 3 to 4 years after the voids in the tendon/duct were grouted or repaired. This

repair work mcluded filling voids inside the ducts using a high-performance grout.

[Ref.]

Hansen (2007) reported that the location of tendon failure was at the mterface between the

existing Class A or B grout and newer Class C repair grout. This fatlure indicates a critical need

for research into the influence of new repair grouts on tendon corrosion, especially at the
mterface between existing and repair grouts. This mterface could possibly generate a galvanic
corrosion cell However, the validity of this argument needs to be mvestigated. It was also
observed that many tendons were not completely sealed during the original construction. This
likely enabled moist air from the environment to enter the voided ducts and accelerate corrosion

of the exposed tendons.

Effect of voids in grouted, post-tensioned concrete bridge construction

=
EAID
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- ZHEUAM 25 I4EJL HIEC 2400 0IXI=

S0 tier A EQE

— Galvanic corrosion cellQ] ZHAHAIZFHE JIsA0]
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<Galvanic corrosion cell>
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In late 2007, a PT bnidge in Virgima expenienced failure of a tendon. The tendon had
been recently repaired (1.e.. grouted). and 1t was believed that the failure could be a result of
galvanic cells formed by the different grout environments. The State of Virgima placed a
moratorium on repairing PT bnidges, and TxDOT delayed repairs pending the findings from

Virgima Department of Transportation.  Unfortunately. the potential corrosion of strands

[Ref.] Effect of voids in grouted, post-tensioned concrete bridge construction
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v' Tendon failure raises questions about grout in post-tensioned bridges, 2007

Forensic Engineering: Tendon Failure Raises Questions about
Grout in Posttensioned Bridges

Serial Information: Civil Engineering—ASCE, 2007, Vol. 77, Issue 11, Pg. 17-18

Document Type: Editorial

Services: Buy this book/Buy this article

Return to search

Copyright © 1996 - 2019, American Society of Civil Engineers

Contact Us | Terms | Help | Privacy
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Corrosion of Steel in Concrete Structures s

[Ref.] Corrosion of prestress and post—tension reinforced—concrete bridges, 2016, Pages 37-57

e |
Corrosion of

1) K. Lau, Florida International University o in oncete

2) |. Lasa, FOOT

Concerns about corrosion development in steel strands after repair of void spaces
with dissimilar grout materials may be particularly relevant for tendon systems con-
taining deficient grout materials. Corrosion failure of an external tendon in the
Varina-Enon Bridge in Virginia in 2007 has often been cited, as the tendon failure
occurred less than 4 years after repair of a void space (Hansen, 2007). In the absence
of grout degradation and other tendon deficiencies, complete repair of the void space
with dissimilar materials can be expected not to produce any significant corrosion
development if both materials yield high-pH environments where the steel should
maintain 1ts passive behavior, Moderate levels of polanzation in the anodic region
due to coupling of the steel in the dissimilar grouts should not cause significant
:L‘L:mmumm_unm:?:urml E;p:xuru_?umn E’E;E:Lﬁa}-'_hluud walter and :Tmm hLT_‘L!]'L‘__‘L!ﬂ-_
tion could lead to localized grout deficiencies such as carbonation and enrichment of
aggressive chemical species, where steel depassivation can occur and the condition can
be aggravated by macrocell development. Laboratory testing of repair void spaces
filled with repair grout in field-extracted external tendons containing some form of
erout segregation indicated corrosion activity after placement of the repair material
(Lau et al., 2013b,c; O'Reilly et al., 2012). Removal of deficient grout prior to repair
remains a challenge.

220 24 JALE (IEN JALEZ B4t &
CHSt 20t SAI0] ZAOHXI SI2A0I0F 2.

g 2dE JdRE9| QIRHIGEE
clREZ S (Lau, 20134)
= HAl 2= (Corrosion activity) &H&t
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v" Varina Enon Bridge (1990)
- HIE )| 2N HOIH (HE

- OIGiME)L 2HKIX] SS
- 19954 0|A 1=
» 150ft(45.7m]€l

bleed and segregate after being pumped into a tendon. A
wick-induced bleed test indicates that bleeding in grouts
used prior to 2001 was approximately 4%. In a typical
150 ft (45.7 m) long tendon in the Varina Enon Bridge
(Fig. 4), 4% bleeding can cause 6 ft (1.8 m) of void at the
high points in the draped tendons and a void along the top
of a horizontal tendon (Fig. 5). Six of the eight tendons in

<20154 PTI ME>

IH0IA 6ft(1.8mle] 3 7&

OI1™: Water-cement grout A2

AEAN HE AEH AM8) = VGII & S XPD

Elw/c<042)= & 4%9] EdlS RE
- 0

o 55% VG S

Typical Grouted Condition of Draped prior to 2001 (1)

» Grout bleeds and segregates leaving 2 voids, each
approximately 2 per cent of the tendon length. MI-“O'.IC.’I.Q
« For 150-fttendon two 3-ft voids with un protected strands at
gFnebois istypical Jedn fIQUIE). . = = = = = = 1
* Questions: Do voids affect service life? Should voids be
vacuum grouted? Vacuum grouted with what? |
» Preservation: NDFE methods can not be Used 1o evaluate the

condition of the strands. Install acoustic emission monitoring
system to detect wire breaks.

150’

Bleed Void

Deviator Blocks Leak Void

42>

<201749 VCC EHII=>

Design and Construction Practices Exposed Strands
to Oxygen and Moisture k:
4 -ITena-ns_notﬁeam because metal straps used t?l

| " connect duct at diaphragms and bulk heads.

i+ Holes were often drilled in the plastic ducts to check

R floucoids.arm.gm.ut- —

@b rostrmsonns sormree

<20144 PTI 2 HXIE>

Typical Grouted Condition of Draped Tendons (1)

* Grout bleeds and segregates leaving 2 voids, each

approximately 2 per cent of the tendon length.

* For 150-ft tendon two 3-ft voids with un protected

strands at anchors is typical (red in figure).
Preservation: NDE methods can not be used to
evaluate the condition of the strands. Install acoustic
emission menitoring system to detect wire breaks.

150’
Bleed Void
Deviator Blocks Leak Void

42
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v'Varina Enon Bridge©] J|Z J2IE &t
- MY E HIi™2 =2 +~28&(water contents) / =x&(absorption) &8

T N IT o |I—l

- & 2910 8IE9| S AIHElw/clJL 0.6 Zlt0l= A= =8 (PTI JIEX 2 0.49)

}

Given that we estimated the w/c ratio for grout in two

tendons of the Varina Enon bridge exceeded 0.6 and the

PTI specification allows a maximum w/c of 0.45 we <20149 PT| 2HXIE>
batched mixes with w/b ratios that ranged between

those recommended by the manufacturers and 0.65.

20013 0|=: Prepackaged Grout D o
v Preapproved Product List: $2! J2IRE 55 N
until a new grout formulation is approved.)
— Sika300PT, Masterflow 1205, Euco cable PTX

v' \Viarina Enon Bridge ==Xl &2 A|H (20074)
v US460 Bridge (2012 Mock-up HIAE A|H)
20174 01%: Flexible filler 20134 UCC HEI)
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v VEul AF2 J2tEl(Prepackaged groutlii£9| Xt =&

The next effort involved working with grout suppliers
to develop a high-performance grout (HPG) with low
permeability that would not bleed and segregate. The first
grout to be developed and approved by VDOT is referred
to as Grout 1. By work order, Grout 1 was used to grout
the tendons in the segmental bridge on the Smart Road in
2001. This bridge was the first in the world to be grouted
with a high-performance grout. VDOT approved prepack-
aged Grout 2 later in 2001 and by work order Grout 2 was
used to grout approximately the last 60% of the bridge
spans on the 895 project. Finally, in 2001, VDOT approved
prepackaged Grout 3. VDOT had accomplished the goal

371 HPG =¢2! (Grout 1, 2, 3)

The implementation of HPG seemed to be going well
until, in 2011, the supplier of Grout 2, the most-used HPG,
announced that the grout contained chlorides that were in
the cement in the prepackaged grout. Despite test reports
indicating acceptable levels of chlorides, the problem had
gone undetected for approximately 10 years. The grout had

s SH

Grout 2 HIZALC| &3l=

[Ref.] PTI Journal, VDOT Experience with grouts and grouted Post-Tensioned tendons, 2015

480 tendons with grouted PT strands. The voids confirmed
the need to implement the use of high-performance grouts.
In 2003 and 2004, contracts were awarded to grout the
voids in the Varina Enon Bridge. Grouts 1 and 2 were used.

VEnl Y 4== 2003301 Grout 1, 2 A2

and little testing was done. Later, the Texas DOT reported
chlorides as well as soft grout in pier bends grouted with
Grout 2, and Florida reported similar problems with
tendons grouted with Grout 2.

TXDOT, FDOTO] Grout2 AFE3t ul
- =2 99l=, soft grout

UM EHE A

Grout 2 = Sika 300PT J

In 2010, tendons in Florida and Texas that had been
grouted with Grout 2 were found to have voids; segregated
grout; grout with high chloride content; and grout that
was not set, called soft grout.' It was obvious that lab tests
used to approve HPG needed to be improved. In 2012,
FHWA published a sampling protocol for DOTs to use to
identify tendons with grout that contained unacceptable
levels of chloride.

Grout2 EXI 24 in Florida & Texas
- HPG 59! Lab test J{1M 2R

Preapproved Products List: Cable Grouts
Approved List No. 62 (Now Screening Qualification List)

(Removed from List
until a new grout formulation is approved.)
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v US460 Bridge (20129 Mock-up HIA

In 2012, a cast-in-place segmental bridge was being
constructed on US-460 in the western part of Virginia
next to the Kentucky/Virginia state line. The contractor
was proposing to use Grout 2 and the decision was made
to require a mockup to compare the performance of
Grouts 2 and 3. The mockup was done to simulate the

US460ul H&Al AISAL Grout2 AHE IgH

&
TEL 756 WALER ¥ o X
SUPPORT EEAM "
AT 7-0" LONG TENDON
“ TOMDOMS ARE TO BE
—_— TED DUWN TO SUFPCRTING
L 1T |- HEANS WTH STANDARD
- T REBAR TE WRE
HORNG Tm—\ >< |—.- |
Jeneld_ ! L
§ CROSS T T3 Fu{rr ow Ja3et 4 ANGLE
SURRQRT BEAM
AT 60" Long

N o

E Al%)

In 2012, VDOT did a mockup by work order to
identify a suitable grout for use in the US 460 segmental
bridge project near Grundy, VA. The mockup determined
that Grout 3 was suitable for use because the tendon was
properly grouted. Grout 2 bled and segregated and left
voids and soft grout at the high points in the tendon in the
mockup and was rejected for use.

=8 HIAEZ Grout 23d s Hiu = Grout2 Rejected

- ' TR >
Grout 3 outlet end cap fully grouted.

Grout 3 tendon is fully grouted.

Grout?2

Grout3
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I'OUt — T I 7T Voids, incomplete vacuum grout

v Y2 1212E(Prepackaged HPGIC THE X MSHM ==

- VEWOIM 22 A2t grout2E US4602] S AHIAEZ L Rejected
— Sika300PT(Grout2)7t AI2EIUS JIsd

v 1Yo /o102 Macro-cell£A! IHHUSS HAIO0tD AKX &S

_ jl.'—kl 0" [H GI'OII ﬁ a Transverse Tend_n ||ure May 201 Transverse Te’rld‘op Failure May ZQ1

v 38 HiH E = (20174 5E)
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Kansas 00T, 2012
Corrosion performance of prestressing strands in contact with
dissimilar grout

Florida DOT, 2016
Corrosion of post-tensioned tendons with deficient grout

1) K. Lau, Florida International University
2] |. Lasa, FDOT
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KDOT, Corrosion performance of prestressing strands in contact with dissimilar grout, 2012

v E__I.l HH7°=| INTRODUCTION

Inspections of post-tensioned bridges by the Kansas Department of Transportation have

— MAH I =10 =Fe] =F LH a2 X X| sk I
KD OTOII A-I aQa * = 7I_:| I_I. PTE o ﬂ E oz & I_I = I ’ revealed voids in strand ducts due to bleeding and shrinkage of older portland cement grouts (PB
[H 6', Il ul Americas 2010). The Kansas Department of Transportation is faced with a decision whether to
| - | B

fill these voids or to leave them ungrouted. As long as the voids remain dry, the strands typically

g r 0 u = r=3 s appear intact with some surface rust. However. field observations indicate that severe corrosion
occurs in cases in which water or water containing chlorides comes in contact with the strands.

The usual approach to filling voids in post-tensioning ducts involves using prepackaged

anti-bleed grouts. Unfortunately. in a nulubcji of cases, the repair operations appear to have led to

rapid corrosion of the re-grouted strands. A likely cause of the rapid corrosion is a difference in

x HI
o
e
=
P
1
fig

tél'kol'l gﬂ % J I-% °1 electrical potential in the strands caused by differences in environment provided by the dissimilar
grout.
/ E ?‘ g 51 The dual goals of this study are to (1) determine if using a second grout will provide
improved corrosion protection for the prestressing strands or result in accelerated corrosion and
et EI.OE[ ] I. ] Jo. P\ |=|AIO-" [Hb = O I (2) - ble ¢ s of leavi oids unfi comoli
1 ] E_I_ ] -= Second grout J r=] E I_1 = I_I' Eg = = I (2) determine the possible consequences of leaving the voids unfilled. To accomplish these
goals, this research is designed to measure the effect of the differences in the environment
orUY 2AS JIE% X0 Ui 83
— 1 — — o provided by different grouts and to compare the level of corrosion caused by filling the voids
e R =) = xl Al = LU = = o= A _l 6" S} OI with an anti-bleed grout to that resulting if the strands are not re-grouted but are subjected to
2] 3= U SHE SHE Ul A 25 Z.4101l THSH =21

water or water containing chloride.
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KDOT, Corrosion performance of prestressing strands in contact with dissimilar grout, 2012

-t
- ESHE AHE Jd2RLE, Mil(Gypsum) J24<LED
aJHol &2%l= Prepackaged J2IRLEZ ©+%E MO Y A4
» Sika300PT, Sika300PT w/FerroGard(5* 212 XIZ9HAl), Euco cable PTX, NA-50

AN
i,
-

1. Leaving prestressing strands unprotected from the elements has the potential to result in

rapid corrosion of the exposed strands.

2. The gypsum grout has a significantly lower pH than any of the other grouts tested. It also

has a higher sulfate content than all but one of the grouts. Gypsum will cause accelerated
corrosion of strands when used in conjunction with portland cement grout or any of the

commercially prepackaged grouts tested.

3. Corrosion of strands in commercially available prepackaged grouts increases as the

|

I = E sulfate ion content of the grout pore solution increases.

L= 9} N OFO A} = Hb = 3o 4. When paired with portland cement grout, the prepackaged anti-bleed grouts evaluated in
1 ] 48 © E I_1 = EQEI II W o EH -- o xl UI‘: AT this study resulted in corrosion losses significantly below those observed for strands

a- 7_I:| ﬂ' _?_él E EH %’ ¢ %g exposed to salt or water. (The highest corrosion measured for a prepackaged grout in

= conjunction with portland cement grout occurred for the grout with the highest pore

2] %I.ALI‘OIE aat%tol 3)"2"0’" [[I.EI.’ Aol‘g PreDaCKaged grOUtOI"A.IgI solution sulfate content.

LM BAlS ZJjBITL
3] ESHC A|HE 22 EQ} prepackaged anti-bleed JtREE=

St GE0 =5 ZAHMEL PA &40] ®X0| RO

Prepackaged groutQt IEHE A\|HE JdRENM SHE IIE =2 F42
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KDOT, Corrosion performance of prestressing strands in contact with dissimilar grout, 2012

v Recommendations

RECOMMENDATIONS
= 0 el 1= LZEO 7485 EHAIS HEAMH aa : i s ' jon, it i
1] jol'ﬂtlgl E_l-ll' =§I‘EO‘" LS gaadgd 9= a3 OA 9 =5 1. Because exposure of strands to water or chlorides can cause rapid corrosion. it is

- recommended that voids in post-tensioning ducts be filled with an anti-bleed grout.
PTHENIMS =2 anti-bleed J2RLEZ X &€ F=H

The anti-bleed grout should be selected to minimize environmental differences with the

()

existing grout that could result in accelerated corrosion of the post-tensioning strands. In

2] a nti_bl e ed j EI.-?- E E = é! % j I‘$ AI %I ¢ QAIE J I E‘ j EI' $ E QI' gl addition to pH. the sulfate ion concentration of the commercial grout pore solution should
%I';o:l &' xl_ OI % -Ix-l ﬁ gl_ BEI‘ ¢ 91 E IH E % ﬂ Q be monitored. For repairs to ducts containing portland cement grout. the four

commercially available grouts evaluated in this study provided significant reduction in
corrosion compared to strands exposed to salt or water. The use of grouts with high
gypsum content should be avoided in post-tensioning applications.

3] &2 Prepackaged JJ2ISLEE AIS2E I, HIIe SN
SAM0I2 s BUH T0{0F &
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FDOT, Corrosion of post-tensioned tendons with deficient grout, 2016
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U2 oolE 55, &2 ®IITY)

Recent corrosion failures of post-tensioned (PT) tendons in the Ringling Causeway
Bridge (and corrosion development of PT tendons elsewhere in Florida) utilizing pre-packaged
low-bleed specified grout products have spurred the need to evaluate what mechanisms were
involved to cause the failure and to determine to what extent the problem is in PT tendons with

similar matenals. Severe corrosion was accommodated by segregated grout that was

characterized as having high moisture content, low total chloride content, high free sulfate
concentrations, and high pore water pH. Accumulation of bleed water and grout void formation,

1. Identify the characteristics of deficient grout associated with steel corrosion, including grout
conditions formed when cast in presence of enhanced moisture presence.

2. ldentify the role of sulfates in alkaline solutions and its possible adverse effects on steel
corrosion activity.

3. ldentify the behavior of steel in deficient grout with enhanced sulfate concentrations.

4 |dentify the combined effect of enhanced chloride content and free sulfate content in
deficient grout on corrosion initiation and identify practical threshold limits.
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(15%-20% above manufacturer's recommended limit) was more significant than grout

pre-hydration after up to 7 days of grout powder pre-exposure in 100% relative humidity.
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+ High sulfate concentrations can be accumulated in deficient grouts without external
sulfate sources. Even low concentrations of sulfates in well hydrated grout may locally
aggregate due to segregation.
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X o-L o '—I. a L |—I. XH LI EI = TTa3a '—I' u in any of the segregated grout layers. Corrosion developed in deficient grout materials
with similar low-level additions of chlorides (0.03 to 0.18% of total grout mass) when
combined with as low as 2,000-ppm sodium sulfate in its mix water. The enhanced
Ifate addition apparently had effect to initiate corrosion in presence of low-level
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combined low level chlorides and sulfate presence. The finding would suggest that
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considered as part of robustness testing of grout materials.
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As expected, negligible corrosion activity was observed for the tendon repair condition
where the pre-existing grout was relatively homogenous, hardened and in relatively dry
condition. Marked indication of relatively greater corrosion activity was observed in conditions

condition. Marked indication of relatively greater corrosion activity was observed in conditions
where moisture was introduced into the tendon and allowed to intermix with the repair grout
material. There, somewhat greater corrosion currents were measured when the excess
moisture contained enhanced sulfate concentrations. Correspondingly in those cases, a

material was observed; however, there was differentiation in behavior for experiment subsets
utilizing different repair grout materials. The cause of the differences in behavior between the
two grout products was not elucidated and was further complicated by the conditions of the as-
received grout sections. Two possible scenarios were posed to explain the differentiation in

dissimilar grout materials without major corrosion development. Howe\}er. gro-ut conditions with
accumulated moisture may continue to support enhanced corrosion activity after repair.

Unmitigated deficient grout may support corrosion activity with possibility of enhanced
corrosion due to macrocell formation between local anodic locations and strand in the repair
grout. Further assessment of the pore water chemistry and the role of sulfate ions on corrosion
initiation was recommended. Evaluation of the effectiveness of available repair grouts to



Z 2 (Conclusion)

I

Ol

I

Olfl

= AUS (KDOT, FDOT &)

odrs
ITE3

o

g A
T

I

KJ

I

A0
T M

| & EE Xa%l

X0
g [ -

3] MciM, OI=

HIHOH=

OCE=E
T —=

0l A= et

Xl %= (FDOT A4

=l
=

HIOILt Ol

| gt ot
Prepackaged grout

A0
Al
oo

4)

&1t (KDOT &)

8lJ

5] Prepackaged Grout®| XH

0{0

2l
o

— Sika300PT grout = A3t FDOTQ Ringling(2003) ,

IE:

==
ar

M

‘ O
A1EA|A&%ELI- 1



HiS (Recommendation)

11

olD

o
M

A0

=1L 9| Anti-bleeding Prepackaged Grout JiZ QR

s ot

P

X
—

x
S

211
o

Moa=a
H—=x

)

N
o

)

2

3] Prepackaged Grout©]

& 2RJI A= (VDOTAHN

Kl0

2
a

IHZ0 M MDiXl= HE A (SHHAE)E SOl =

30l E2L (M

=
=

4) HE=cd 1AENM S48 =5 AU

il

- MEEdd soft1d<ENAM



AN

VDOT, Experience with Grouted Tendons in Varina—-Enon Precast Segmental Post-Tensioned Bridge, 2008
\VDOT, Post-tensioned Grout Update, 2013

PTI, Virginia experience with post-tensioned tendon grouts, 2014

Bridge D&E, Tendon issues, 2016

PTI, VDOT Experience with grouts and grouted Post-Tensioned tendons, 2015

VDOT, Performance of post-tensioned bridges, 2017

VDOT, Update on Post-Tensioned Structures in Virginia, 2018

TTI, Effect of voids in grouted, post-tensioned concrete bridge construction, 2009

FHWA, Post-Tensioning tendon grout chioride thresholds, 2014

FDOT, Mechanism and Detection of Corrosion in PT Tendons in Florida Bridges, 2006

FDOT, Corrosion of post-tensioned tendons with deficient grout, 2016
KDOT, Corrosion performance of prestressing strands in contact with dissimilar grout, 2012

Corrosion of Steel, Corrosion of prestress and post-tension reinforced-concrete bridges, 2016

ASCE, Tendon failure raises questions about grout in post-tensioned bridges, 2007

(] n
MENNDT TSN



=
S
S
Fz
(7.
S
=
L]
oy
=
K




