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Executive Summary ¢

Corrosion of reinforcement is a global problem that has been studied extensively. The use
of good quality concrete and corros1on inhibitors seems to be : an economical, effective, and logical
solution, especially for new structures.. A number of laboratory studies are available on the
performance of various corrosion inhibiting adm1xtures But studles /on concrete used in the field
are rare. A new bypass constructed by the New Jersey Department of Transportatlon provided a
urique opportumty to evaluate the: adrmxtures in the ﬁeld F1ve new bndge decks were used to
evaluate four corrosion inhibiting admlxtures o ‘

The concrete used in the four bridge decks had one of the followmg admixtures: DCI - S,
XYPEX C-1000, Rheocrete 222+, Ferrogard 901. All the admlxtures are commerc1a11y available
and used in the field. The fifth deck was used as a control. All the decks w1th admixtures had
black steel where as the control deck had epoxy coated bars _Extra black steel bars were placed on
the control deck. S

Both laboratory and ﬁeld tests methods were used to evaluate the adnuxtures The
uniqueness of the study stems from the use of field concrete obtamed as the concrete for the
individual bridge decks were placed. In addition to cyhnder strength tests, minidecks were
prepared for accelerated corrosion testing. The bridge decks were instrumented for long term |
corrosion monitoring.  Tests to measure corrosion rate, corr'os‘ionpOtential, air permeability, and
electrical resistance were performed at regular periods through‘out the year. Data obtained from the
laboratory and field such as corrosion rate, corros1on potentlal air permeablhty, and electrical
resistance were used to determine the performance of the md1v1dua1 ad:mxtures ‘

The evaluation produced an overall best performmg adnnxture though the dlfferences in the -
overall performances of the admixtures were not s1gmﬁcant The adm1xtures were ranked from
“best to worst in corrosion protection for each test o : ‘ \'

In terms of scientific observations, xypex prov1des a denser concrete. If the concrete can
be kept free of cracks. this product will minimize the i 1ngress of liquids reducing corrosion. - The
other three prov1des a protectlon to remforcement by prov1dmg a barner, reducmg the effect of
chlorides or both. In order to distinguish the differences the study should contmue as explamed in
the followmg recommendatlon section. ‘ ' ‘ .



Recommendations ' e ' - )
Since the study was tied with the construction of 133, the time schedule had to be altered.

The test samples were‘pre‘pared using the field concrete and hence the start of the experiments were
delayed more ' than 4 months. In order >t0 obtain distinguishable differences the laboratory
accelerated test should continue for at least another 6 Iﬁonths. | - o

The instrumentation in the field is working well. The original prOposal'had a provision to
continue the measurements by NJDOT. A proposal is written to facilitate the continuation of field
measurements for at least 2 years. Note that the bridges ‘are not open to traffic. At least two
winters under loading are needed to obtain meaningful readirigs. '
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1. Introduction

Cofrosion of reinforcement ié a global problem that has been studied

_extensively. Though the highly alkali nature of concrete nomially proteots reinforcing

steel with the vformatior-l of a tightly adhering film which passivates the steel and protects

it from corrosion, the harsh environment in'fhe Northeastero United States and similar

' locations around tho world accelerate the o‘orrosion process. The major techniques used

for reducing corrosion and preventing it to som'e' extent are: (i) Use of conorete with least

- permeability, (ii) Use of corrosion inhibitors, (iii) Use of epoxy coated bars, (iv) Surfaoe

protection of concrete, and (v) Cathodic protection of reinforcement. Use of nonmetallic

reinforcement is one more technique to reduce corrosion, yvhi‘ch is still in development
stage.

The use of iohibitors to controll ‘the corrosion of concrete is a well
established technology. Inhibiiors are in. effect any materials that are able to reduce the
corrosion rates when present at relatively small concentrations at or near the steel surface.
When correctly speciﬂed and applied by eXpeﬁeﬁced professionals, inhibitors can be
effective for use in both the repair of deteriorating concrete struotures and‘énh‘ancing the
* durability of new structures. : |

The use of good qualify concrete and corrosion inhibitors seems to be an
economical, effective, and logical solution, éspecially for new structores. The objective.
of this study ié to determiho the effectiveriess of foor vdi.fvferent cOrrosion inhibitors to

reduce corrosion of the structural steel reinforcement in a structure. The data is compared

with the data obtained from structural steel reinforcement not protected by a corrosion



inhibiting admlxture Flve of the bridge decks in Route 133, constructed during 1998,
were selected for thls study, each of which has one spec1ﬁc corrosion 1nh1b1tor except ‘
one, which did not contam any corrosion mhlbltmg admlxtures This brldge deck was

‘used as a controlled deck for the comparlson The bndges were 1nstrumented to measure

the corrosion rates. |

Since corrosion,may not initiate for 10 to 15'ye‘ars, accelerated corrosion
tests in tlle laboratOry Were also used to evaluate these - inhl.bitors. The accelerated
cdrrosion studyconducted»iri the laboratOry will be used to predict the belravior;of the

actual structures.. The proposed study is uniclue due to the fact that all ‘the samples for

laboratory testing are prepared using concrete delivered at the site and used in the actual

structures.

)



2. \Background Information

Steel reinforced concrete is one of the ‘most durable and cost effective
construction materials. The alkaline'envifonment of the concrete passivates the steel
resulting in negligible corrosion aCtivity;_ Ho.wever, concfete is often utilized in extreme
environments in which it is éubjected'to exposure to chloride ioné, which disrupt the
passivity (Berker,‘ 1995).. Though corrosion inhibitors is one of the most practical and
effective means to arrest the‘c::orros"vio‘h process in old and new reinforced concrefe, the
use of good qualigy concrete is also very significant in inhibiting corrosion. Concrete ; |
with low water to cement ratios ccan lower the amount of chloride ingress. Pozzolans
such as silica-fume" inc;reases.’concrete resisﬁvity and permeab}lyv to chloride (Berke,
1995). |

~ The principle of most inhibitors is to develop a thin chemical layer usually one or

two molecules thick‘on the steel surface that inhibits the corrosion attack. Inhibitors can

pfevent the cathodic re‘actio_n, jth’e anodic réaction, or both. | They are consumed and will

only work up to a giv<er\1 level of attack. The chloride content of the concfete determines
the lével of attack (Broomﬁeld, 1997).

| ‘Th'ere are a nunrlberv of .inhibitofs offered / in the ﬁarket. They have different

effects on thé .steél or the concrete to enhance the alkalinity, block the chloride and

reduce the corrosion rate. Some aré true corrosion inhibitors, some are hybrid inhibitors,

pore blockers anci alkali gene‘ratbrs (Broomﬁeld; 1997). ‘,

There are a numbér of vvsklays' 'inhibitofs can be applied. Corrosion inhibiting :

admixtures are added to fresh concrete during the batching process. Other inhibitors can



: be applied to the surface of hardened concrete. ‘These migrating inhibitors are calléd
vapour phase inhibitors. These ére volatile coxﬁpounds that can be incorporated into a
number of carriers such as waxes, géls; énd oils. In principle their ability to diffuse as a
vapour gives them an advantage,overj liquid inhibitors. However, they could also diffuse
out of the concrete linless trapped,’in place (Broomfield, 19977)». |

DCI - S developed by »W;R. Grace & Co., XYPEX vC,-lOOO developed by Quick-

- Wright Associates, Inc., Rheocrete _2 22+ _developed by Master Builders, Inc., and

Ferrogard 901 developed by Sika Corporétion'are .ally corrosion inhibiting ’admixtures for

concrete and répresent the state of the art in téChnology. These admixtures were

evaluated for'fheir performance as a means to hrieduce;:‘corrosion in new structures.

DCI - S corrosion inhibitor is a.calcium nitrite;based solution. It is added to
concrete during the batching process and e_ffectivel)" inhibits the corrosion of reinforcing
steel andrpreét,ressed strands. Aécording to WR. Gface‘& Co., the admixture chemically
reacts with the embedded nietal to form a "passivating" oxide layer, which inhibits
. chloride attack of th"e fortified reinfércing steel. v”;l‘he. addition of DCI - S to concrete
delays the onset of corrosion and reduCes the corrosion rate once it has begun. DCI - S is
a neutral set (DCI S Corros1on Inh1b1to 1997). |

XYPEX C-1000 is a corrosion inhibitor, Wthh is spemally formulated as an
‘additive for concrete at the time of batching. Accordmg to Qulckanght Associates, Inc.,
the concrete itselvlf becovmesi sealed agaihst the peneir_ation of water or liquid. The active

!

chemicals in XYPEX C-1000 cause a catalytic reaétion, which generates a non-soluable
crystalline formation within the pores and capillary tracts of concrete preventing the
penetration of water and liquids necessary to the corrosion process. XYPEX C-1000 may
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delay the initial set time of the fresh concrete (XYPEX Concrete Waterproofing by |

Crystallization).

Rheocrete 222+ is a corrosion inhibiting admixture formulated to i)revent the
corrosion vof stéell reinforced concrete. According to Master Buildefs, Inc.,, Rheocrete
222+v can extend the service life of reinforced concrete in twq ways. The admixture
slows the ingress of chlorides and mqisturé, two elements involQed in the corro)sioﬁ
process, by li\ning the pores of the concrete matrix. The admixture also slows the rate of
corrosion by forming a protective film on the reinforcing sfeel depriving the cdrrosion
‘process of oxygen and moisture. Rheocrete 222+ is addedevith thé concrete batch water
during th‘e‘ mixing process and does not require phanges tol'the normal batching
procedures (Rheocrgté 222+: Organic Corrosion Inhibiting Admixture, 1995).

The Ferrogard 901 t;oxk'rcv)s\ion inhibitof admixture for fresh concrete, developed by
the Sika Corporation, is based on anvorgam'c ﬁlm forming amino compound that can
diffuse  through the pores of the concrefe. The protective film that forms around the
reinforcing steel is a protective layer that can brotect the steel in both anodic and cathodic

areas. According to Sika, this Ferrogard 901 surpresses the electrochemical corrosion

reaction and shows no detrimental effects to the concrete (MacDonald, 1996).-



3. Experimental Program

Tlie primary objective of the research program is to evaluate the latest corrosion
inhibiting admixtures for steel reinforced concrete usiiig laboratory_and field study. The
accelerated corrosion study conducted in the laboratory will be used to predict the
behavior of the actual structures.‘ Data obtained durirlg the first two to three years will be
used to establish a correlation between laooratory and ﬁeldroerfonriance.

The test variables are the four corrosion mhibltmg admixtures used during the

| constructlon of the bndge decks on the Route 133 Hightstown Bypass and a control,
which contained no corrosion mhlbmng admlxture. | |

- The field evaluatron consists ‘of three tests GECOR 6 Corrosion Rate Meter,
Surface Air Flow Permeability lndlcator and Electncal Resistance Test for Penetratmg

Sealers. The results of-these tests can be used to_detennine the physrcal characters as

)

well as the corrosion protection ptoVided by a particular admixture; ‘The bridges were
instrumented for corrosion testirig and are'periodically monitored for} corrosion activity.
The laboratory samples were tested using AS.TM G 109. 'l'his accelerated process will
give an early i_ndication of the effectiveness of the admixtures. All the concrete samples
were taken from the field as the concrete for the indiyidual bridge decks was placed.
Fresh concrete was tested for workability and air content. Compressive strength
was obtained at 28 days. The variables studied were corrosion rat/e, corrosion potential,
air permeability, and electrical resistance.
An arbitrary point system will be used to determine the overall best performer.

Each admixture including the control will be ranked from the best to worst in

i



performance in cach test and given 5, 4, 3, 2, or 1 point, respectively. The‘re‘sulting sum
of all points will produce the best overall performer in corrosion protection.

[ L



| 3.1 Test Variables

During the course of this research program, four types of corrosion inhibiting
-admixtures as well as control specimens, with no corrosion inhibiting admixtures, were

evaluated in laboratory and ﬁeld tests. - Table 3.1 lists the bridge locations on the new

‘Route 133 Hightstowh Bypass and the coxTeSpon‘ding admixtures used on each bridge

deck. ~

Table 3.1; Bridge Locatlons w1th Correspondmg Corroswn Inhlbltmg Admixtures and
Remforcmg Steel Type

Remforcmg Steel |

“North Main Street- | = W.R.Grace: I | Black

Westbound P -~ DCI-S , » :
North Main Street- | Quick Wright Associates, Inc.: | Black
Eastbound o XYPEXC-1000 | ,
Wyckoff Road - . Master Builders, Inc.: Rheocrete |- Black
Westbound L 222+ ' : L
Wyckoff Road - » Sika Corporation: = ~ Black
Eastbound | Ferrogard 901 ' o
/" Route130- | - Control: -~ - - Epoxy Coated
Westbound . . none ..

The control concrete did not contain a'ny’coxf‘rosiohfinhib'iting admixture.’EpoXy

coated steel was uSeo m the'reihfofcerhent of the co:rllcrefe deck uoiike the other bridges
tested which uséo uocoated biack reinforcing steel.

The rhix proportions for the five types of concrete used are presented in Tablesf‘
3.2, 3.3, 3. 4 3.5, arid 3.6.. | The proportlons were developed by the New Jersey
Department of Transportatlon in accordance with ASTM C 94. From the Tables 3.2 to‘

3.6, it can be seen that the cement and aggregate contents rerriain‘ed the same f0r all the

mixes. The water content was adjusted to account for water present in the admixtures. -

/




Table-3;2: Mix Design of North Méin Street - Westbound

' Bndge Deck over North Main Street - Westbound

Date of Deck Pour: May 6, 1998 o

700

Cement (Ibs)
Sand (1bs) L 1346
% in. Aggregate (Ibs) 1750
Water (gal) 293
W/C Ratio _ 0.38
Sika Corporation AER Alr-Entramlng Admixture ASTM C-150 (oz) 6.3
Sika Corporation Plastocrete 161 Water reducing Admlxture Type “A” 21
ASTM C 494 (0z) "
W.R. Grace: DCI-S (gal) 3
Slump (inches) ‘ ' 31
6+1.5

Air (%)

~ Table 3.3: Mix Design of North Main Street - Eastbound

Bridge Deck over North Main Street Eastbound

Date of Deck Pour. May 14,1998

Cement (Ibs) 700
| Sand (Ibs) 1346
Y% in. Aggregate (Ibs) 1750
Water (gal) 31.8
W/C Ratio - 0.38
Sika Corporation AER Alr-Entrammg Admxxture ASTM C-l 50 (oz) 4.2
Sika Corporation Plastocrete 161 Water reducmg Admixture Type “A” 21
ASTM C 494 (oz) u . »
Quick Wright Assocnates lnc XYPEX C-1000 (lbs) 12
Slump (inches) . , 31
Air (%) 6£1.5




Table 3.4: M1x Desngn of Wyckoff Road - Westbound

| Bndge Deck over Wyckoff Road- Westbound -

Date of Deck Pour: May 21, 1998 -

10

Table 3.5: Mix Design of Wyckoff Road - Eastbound

Brldge Deck over Wyckoff Road Eastbound

Cement (lbs) ' - B O 700
Sand (Ibs) ' g L 1346
% in. Aggregate (lbs) 1750
Water (gal) 318
W/C Ratio . ‘ 0.38
Sika Corporation AER Alr-Entrammg ‘Admixture ASTM C 150 (0z2) 8.4
Sika Corporation Plastocrete 161 Water reducmg Admlxture Type “A” 21
ASTM C494 (0z) u
| Master Builders, Inc.: Rheocrete 222+ (gal -1

| Slump (inches) 3+1

Air (%) 6+1.5

B Date of Deck Pour: May 27,1998

Cement (Ibs) 700
Sand (Ibs) 1346
| % in. Aggregate (lbs) 1750
Water (gal) 29.1
W/C Ratio 0.38
Sika Corporation AER Alr-Entrammg Admlxture ASTM C-150 (0z) 4.2
Sika Corporatlon Plastocrete 161 Water reducmg Admlxture Type “A” 21
ASTM C 494 (02) , ‘
Sika Corporatlon Ferrogard 901 (gal) 2
Slump (inches) v 3+1
6x1.5

Air (%) -'; | f )
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N

Table 3.6: Mix Design of Route 130 - Westbound

Bridge Deck over Route 130- Westbound- ~ «

Date of Deck Pour: May 29, 1998

Cement (Ibs) ' ‘ 700
Sand (Ibs) - o _ 1346
% in. Aggregate (Ibs) - 1750
Water (gal) 31.8
W/C Ratio ‘ , 0.38
Sika Corporation AER Air-Entraining Admixture ASTM C-150 (0z2) 4.2
Sika Corporation Plastocrete 161 Water reducing Admixture Type “A” 21
ASTM C 494 (02) )

Slump (inches) v 3+1
Air (%) ‘ 6+1.5
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3.2 Test Methods

The test procedures used are described in the following sections. The first three

tests were conducted in the field where as the fourth one was conducted in the laboratory.

3.2.1 GECOR 6 ‘Corrbsion, Réte‘_ Metef

'i'he GECOR 6 Corrosion Rate Meter provides valuable insight into the
kinematics of the corrosion process. ‘Based on é steédy state linear pOlarizétion technique
it provi-des information on the rate of the deterioration process. The meter monitors the
electrochemical process of corrosion to det‘ermir;e the rate of deterioratioﬁ. This
nondestructivé technique works by applying a small cm'reht to th¢ reinforcing bar and
measuring the chénge 1n the half celyl potential. The corrosion raté, corrosion potential,
and electrical resistgnce are provided by the corrosion rate meter.

The GECOR 6 Corrosion Rate Meter has three major components, the rate meter
 and two separate sensors. Only the larger sensor jwas used during this project. The
sensor is filled with a satu;‘ated Cu/CuSO# solution fér the ‘test for half cell potential. The
main components of this device can be seen in Fig. 3.1. A wet spbnge is used between the
probe and the concrete surface as seen in Fig. 3.2. Lgng lengths of wire are also provided
to connect the senso‘r‘to the rate meter‘and to connect the rate meter to the reinforcing bar

" mat of the bﬁdge .deék, a necessary step for the vopera}tion of the meter.



Fig. 3.2: GECOR 6 Corrosion Rate Meter Sensor with Sponge
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| - The procecriui'e for the operation of the GECOR 6 Corrosion Rate Meter is as follows

(Scannell, 1996);

1.

The device should not be operated' at temperamres below 0 °C (32 °°F) or above 50 C
(122 °F) The relatlve humldlty w1th1n the unit should not exceed 80%.

\

Use a remforcmg steel locator to deﬁne the layout at the test locatlon Mark the bar
pattern on the concrete surface at the test locatlon

~ Place a wet sponge and the sensor over a smgle bar or over the point where the bars

mtersect perpendlcularly if the dlameter of both bars are known

Connect the appropnate lead to an exposed bar.”» The leads from the sensor and

‘exposed reinforcing steel are then connected to the GECOR device.

Turn on the unit. The program version appears on .the display screen.
“LG-ECM-06 V2.0 |
© GEOCISA 1993~
A help vmessage' appears on the sereeh momentarily. This message advises the
operator to use the arrows for selectmg an option and C.R. to activate an option. The

~ various options are:

“CORROSION RATE MEASUREMENT” 1

®

e “REL.HUMIDITY AND TEMPERATURE”

e “RESISTIVITY MEASUREMENT” .
e “EDIT MEASUREMENT PARAMETERS”
e  “DATAFILE SYSTEM EDITING” ‘
» “DATE AND TIME CONTROL”

Select the optlon CORROSION RATE MEASUREMENT and press the C.R. key.

The screen prompts the user to mput the area of steel Calculate the area of steel
using the relationship, ‘Area = 3.142 x D x 10. 5 cm. D is the diameter of the bar in
centimeters and 10.5 cm (4 in.) is the length of the bar confined by the guard ring.
Key ii the area to one decimal space. In case of an error, use the B key to delete the

- previous character. Press the C. R key to enter the area.

The next screen displays;

“ADJUSTING
OFFSET, WAIT”
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No operator input is required at this stage. The meter measures the half cell potential
“and then nulls it out to measure the potential shift created by the current applied from
the sensor. o

10. The next screen displaysﬁ

11.

12.

13.

14.

15.

16.

“Br . mVOK”
“ys . mVOK”

’ Er (E¢0RR) is the staﬁc half-cell potential Versﬁs CSE and Vs is the difference in

potential between the reference electrodes which control the current confinement.
Once the Er and the Vs values are displayed. No input is required from the operator.

The meter now calculates the optimum applied current Icg. This current is applied
through the counter electrode at the final stage of the measurement. The optimum Icg
value is displayed No input is required from the operator

The next screen dlsplays the polarized potentxal values No input is requ1red from the
operator.

The meter now calculates the “balance constant” in order to apply the correct current
to the guard ring. It is dlsplayed on the next screen. No input is requlred from the
operator.

The meter now calculates the corrosion rate using the data collected from the sensor
and input from the operator. The corrosion rate is displayed in uA/cm Associated
parameters including corrosion potential, mV and electrical resistance k<2 can be
V1ewed using the cursor keys. :

Record the corrosion rate, corrosion potential, electrical resistance.

Press the B key to reset the meter for the next reading. The screen will return to
CORROSION RATE MEASUREMENT. Repeat the procedure for the next test
location.

The corrosion rate and corrosion ’pOtential data can be interpreted using Table 3.7 and

3.8, and Tables 6.1 and 6.2 in the Appendix, respeetively. As also explained in the

Chapter 3.2.3 for the Electrical Resistance Test for Penetrating Sealers, the higher the

resistance the less potential‘ for corrosion in the embedded steel due to the higher density

of the concrete and improved insulation against the electrochemical process of corrosion.
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Unlike the Electrical Resistance Test for Penetrating Sealers, the GECOR 6 penetrates

the concrete surface for a greater area of measurement.

Table 3.7: Interpretation of Corrosion Rate Data (Scannell, 1997)

Icorr (A/cm?) - Corrosion Condition
Less than 0.1 o - Passive Condition
0.1t00.5 R - Low to Moderate Corrosion
0.5t01.0 Moderate to High Corrosion
Greater then 1.0 1 High Corrosion

- Table 3.8: Interpretation of Half Cell (Corrosion) Potential Readings (ASTM C 876)

Corrosion Activity

“ Half Cell Potential (mV) "~ | -~

-200> ' ) 90% Probability of No Corrosion
o 7 - Occurring
=200 to -350 : - Corrosion Activity Uncertain

<-350 | » ‘90% Probability of Corrosion Occurring
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3.2.2 Surface Air Flow Field Pérmeability Indicator

The Concrete Surface Air Flow (SAF) Permeability Indicatt)r isa nortdestructive
technique designed to give an indication‘ of thé relativé permea‘bilityb‘of flat concrete
~ surfaces. The SAF can be utilized to determine the permeability of concrete slabs,

| support members, bridge decks, and paveméh‘t‘ (Manual for the .Ogerétion of a Surface

Air Flow Field PetmeabiliW Indicator, 1994). The concrete permeability is baséd on air

~ flow out of the concrete surface under an applied vacuum. The depth of measurement
was determined to be approximately 0.5 in. 'be_low the concrete surface. A study between

the relationships between SAF readingS‘ and air aﬁd{water‘ permeability determined that .

there is good correlation in the results. . As stated in the Participant’s Workbook: FHWA

— SHRP Showcése (Scanngll; 1‘996%) the SAF should not bé used as é substitute for actual
laboratory perxtleability testing. Corés tested under 'mdre Staridardized techniques will

. provide a»rrvlore accuraté Qalue for permeabilit)'\ due the fact that the effects ofv surface
texture and ‘r“nicroc_iracl.{sv have not been fully studied for the SAF.

Tlté SAF can determine _pem’xeability‘ of bothhoriiontal ksurfaces, by use of an
integral suction foot,‘arid vertical surfat;eé, t)y use o_f "'extemal _re'mote head. The remote
head was not used for this project. A piCt&te of the dé;ice and its acéessories can bé seen
in Fig. 3.3 and Fig. 3.4. For'transportability the deVice’ttses' a rechargéable Ni-Cadb
battery. “The vSuctiénl'f(tot is mounted fusing three céntering sprmgs t6 allow it to rotate
“and sWi;'el iﬁ relation td the rtdain ‘body. A closed cell foam gasket is used between the

| fogt and the testing surfacek to create an air tight seal. TWo foot pads are threaded into the

suction foot so the operator can apply pressure to compress the gasket. The switches to
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open the \sdolenoid and hpld th‘e current reading arev loé#ted within easy reach at the bése of

the handles. Digital displays for the permeability réédings and the titrie are located at the

top of the device Fig. 3.5. Outliné cfrawih,gs of ,the‘ de&ice and its schematics can be seen

on Fig. 3.6 and Fig. 3.7, .reSpeétively (Matiual for the Operation of a Surface Air Flow
Field Permesbility Indicator, 1994). . | |




Fig. 3.4: Surface Air FloW Field Permeability Indicator (Front View)

19



Fig. 3.5: Surface Air Flow Field Permeability Indicator
- (Top View of Digital Displays)
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‘F'ig. 3.7: Schematic of Concrete Surface_ Air Flow Permeability Indicator

The procedure for the operation of the SAF on horizontal surfaces is as follows

Manual for the Operation of a Surface Air FloW Field Permea'bili y Indicator, 1994).

1.

Remove the instrument from its case and install the two foot pads. The foot pads
should be screwed all the way into the tapped holes on the suction foot base and then
backed out until the aluminum checkered plates are pointed to the top of the machine

Unfold the two handles by pushing the buttons on either end of the “T” handle lock
pins, and removing them. When the handles are horizontal, the lock pins are need to
be reinserted the other holes in the handle brackets to lock the handles in the extended

~ positions.

Make sure all the switches are in the off posmon and the left handle sw1tch in the
RELEASE position. Set the elapsed time indicator to zero by pushing the RESET
switch. Ensure that the directional valve switch is in the down position.

Charge the battery at least for at least eighteen hours before testing.

Unplug the charger and turn on the power sw1tch and observe that the digital displays
are activated. Turn ON the POWER switch. Wait ten minute for the device to warm
up. The device should be tested before any field activities to make sure that it is
operating correctly. To test the vacuum in a closed system, turn the PUMP in ON
position. Wait thirty seconds. The readings should stabilize between 750 to 765 mm
Hg. To test the device as an open system, leave the PUMP ON and turn ON the
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solenoid switch. Wait thirty seconds. The readings should stablhze at a value of 29
to 31 SCCM : ‘

To check the device on a reference plate, place the closed cell gasket on an
1mpermeab1e metalhe plate Center the suction foot over the gasket

7

Stand on the foot pads with the balls of your feet. About half of the body weight

~ should be p]aced on the foot pads and the other half on the heels. This will compress

10.
“hold position to freeze the reading. Record the reading at this point. The vacuum

11.

12.

the gasket and form an a1rt1ght seal

Turn ON the PUMP At this time both the flow and vacuum gages will display values

‘and the elapsed time indicator will start. The vacuum should stabilize greater than

650 mm Hg., vacuum. The flow will have a high initial value due to air in the lmes
but will stabilize after about fifteen to twenty seconds.

Turn On the solenoid switch.
When the elapsed time indicator reads 45 seconds, push the left handle switch to the

should read greater than 650 mm Hg, and the flow should be less than 1 SCCM (1

ml/min).

Turn off the vacuum PUMP, and the solenoid valve. Turn the switch on the left
handle to the release position and push the reset button on the elapsed time indicator.
The device is now ready to be moved to the next test spot. ‘

Tests on actual concrete surfaces are performed in a manner identical to the initial
check test. In some cases, however it may take longer than 45 seconds for the
readings to stabilize. Surfaces should be dry, free of dirt or debns and not cracked
grooved or textured. ' :

The permeability of concrete greatly contributes to the corrosion potential of the

embedded steel bars due to water and chloride penetration. The lower the permeability

the more resistant the concrete is to chloride and water penetration. The relative concrete

permeability readings provided by SAF can be categorized into low, moderate, and high

according to,the air flow rate (ml/min) illustrated on Table 3.9 and Table 6.3 in the

Appendix. The collected data and a discussion on the permeability indicated are

presented and discussed in the Results and Discussions chapter.
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Table 3.9: Relative Concrete Permeability by Surface Air Flow (M‘anualbfor the
Operation of a Surface Air Flow Field Permeability Indicator, 1994).

Air Flow Rate (ml/minute) | * Relative Permeability Indicated
0t0 30 | | Low
30to 80 Moderate

80 > ' ~ High



/ .
3.2.3 Electrical Resistance Test for Penetrating Sealers

Although the main use of this testing method is to determine the effectiveness of
concrete penetrating sealers, it can also indicate the resistance of unsealed concrete
surfaces. The resistance measurement is testéd on two strips of conductive paint sprayed
onto the cohcrete surface to be tested by using a, Niléson 400, soil resistance meter. The

* spray pattern can been seen in Fig. 3.8.

Fig. 3.8: Strips of Silver Conductive Paint

The materials needed for this test are shown in Fig. 3.9 and are as follows:

Fine line tape (1/8 in. wide)
Metal mask (with 5/8in. wide and 4 in. long cutout)
Conductive silver spray paint
Duct tape ;
Nilsson 400, soil resistance meter
Multimeter
Thermometer
Infrared propane heater
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Fig. 3.9: Equipinent Required for Electrical Resistance Test for Penetrating Sealers

V-

The procedure for the performing the -Elecu'iéai Resistance Test for Penetrating

Sealers are as follows (Scannell, 1996)

1.

2.

Repeat steps 5 and 6 two additional times.

Surface must be clean and dry with né grooves ofr cracks.
Apply the fine line tape to the testv area.

Center metal mask over fine line tape.

Dﬁct tape mask in place. {

Spra); paint lengthwiﬁe over slit six times.

Heat surface with infrared heater for five minutes keeping the temperature at 120 F.

Remox‘re\,the mask and the fine line tape.
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9. Measure DC end to end resistance of both sides of the gage using the multlmeter and
record the readings.

10. Measure the DC re51stance between the two 51des of the gage using the multimeter
and record the readmg

11. Compare the DC reading‘sl for the end to end resistance as well and the one taken
between the two sides to the acceptance criteria in Table 3.10.

12. Lay wet sponge on gége aﬁd keep.wet for  ﬁve minutes.

13. Remove the sponge and‘press a folded paper tewel against the gage for five eec0nds.
14. Genfly wipe the gage with a crumpled paper towel in a lengthwise direction.

15. Place the probes on the soil res1stance meter against the gage and record the AC

resistance reading.

Table 3.10: Preliminary DC Testing of Gauge (Scannell, 1996)

Acceptance Criteria

End-to-End Resistance 5 t_o 15 Q - Very Good

~up to 125 Q -- Acceptable

Insulation Resistance ~ = | > 20 MQ Nor;mal

(Side-to-Side) -~ | - >5MQ -- Acceptable

The higher the resistance the less potential for corrosion in the embedded steel due to
the higher density of the concrete and improved insulation against the electrochemical
process of corrosion. The collected data and a discussion on the resistance indicated are

presented and discussed in the Test Results and Discussions chapter.
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3.2.4 Standard Test Method for Determining \the'»Effec‘ts of Chemical
Admixtures on the Corrosion of Embedded Steel Reinforcement in
Concrete Exposed to Chloride Environments -ASTM G 109

This test method is used to ‘detennine.,the effects of chemical admixtures on the
corrosion of metals in concrete. 'Ihe test fnethod provides a reliable means to predict the
inhibiting and corrosivé properties of adrﬁixturés to be used in'lconcréte. "I'hé method, in
brief, tests minidecks, concrete" specimens - with fmown leﬁgths of erhbédded steel
reinforcing bars, in a éﬁloride solution. The mihidecks are tested periodically for -
corrosion rate and corrosion potential. o

The 15 in. long embedded steel bars are wire brushed of all existing corrosion.
The ends were wrapped in electroplated tape and wrapped in heat shrink tubing to
prevént the ﬁnwanted corrosion of the ends\‘cgf the bérs durihg ri;oist cuﬁng. The eleven
inches of exposed bar are centered in the formwork and cast into the concrete. Three bars
total are placed into each minideck. One baf is Lplacedon top and two on the bottom. The
dimensions of the concrete minideck can be seen in Fig. 3.10. Plexiglas dams are
~ fabricated ‘t'o hold the‘3% NaCl solution. The dams are sealed to the top of the minidecks
with silicon caﬁlk. Concrete sealing epoxy is (use_dv t§ ;eal all four sides and the top of the
minidecks except for the area inside thé dam. |

The speciméns aré tested on a four week cyclg. The dams are ﬁlled with 1.5 in. of
3% NaCl solution for two weeks. Thcvso‘lution is the.n"‘ Qacuumed out and the specimen is
left to dry for an additional two. The specimené are tested for co,rrosibn rate and

corrosion potential after the first week of ponding wifh the NaCl solution.  °
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Sealed with
. epoxy

bar

~ W CATHODE
' 'REBARS

‘ 3% NaCI Solutfon
Tape : »

Plexiglass Datﬁ
\GROUND CLAMP

e —15In. S |

Fig. 3.10: View of Concrete Minideck (ASTM G 109)

l

.
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The corrosion rate is testcd_ using a high imﬁe:dance" voltmeter accurate up fo 0.01
mV. The top bar is‘used és the anode while the béﬁom bars are used a;the cathode.
Voltage is measured across ‘a‘ 1009 resistor. The éufrent flowing, I, from the
electrOChe;micaI p;ocess is éalguiéted from the measugred 'vqltage a&qss the 100Q resistor,
V;, as: i

| I, = V100
The cOrrosioﬁ potential of the baré is measured agéinét a reference electro.deA half cell.
Theeléctrode is pia‘Ced in the dam containing tﬁe NaCl solution. The voltmeter is
connected between vthe electrode and bars.

The current is monitored as a function of tijm.e]unti] the .average current of the
control specimens is 10 HA or Greater, ahd at least half the sar’npleé show currents equal
to or greater then 10 nA. The tesf is coﬁtinued fojr a ﬁthhéJr thréé complete cycles to
ensure thé pré;:ence bf sufficient corrosion for a'vi'sﬁal_eyaluation. Af the conclusion of -
the test, the r‘ninidc}ckS are ‘b’_fOkén and the .,bbarsii,/remo'vgd to .assess the eXtent of
corrosionand to,re_cor&" fhe percéntage éf édﬁpded aréa. ,

The,, réﬁults are mterpreted with Table 6.1 and Table 6.2 in the Appendix. The

results of this test are presented in the Results and Di_scussioh Chapter.
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3.3 Instrumentéﬁon for Field Tests

Eléctﬁcal cdnﬁectioﬁs. were rf_xade to the toﬁ reinforcing mat of each bridge deck

before thé piacemcnt of the qdncrcte. Five cbnne‘ctions were made to Route 130

“Westbound and four each on_thé rémaining four bﬁdges. A total of 105 reédiﬁgs were
taken per éycle.using the GECOR 6 _COrfo’Sié_n Rate Meter. TWehty ﬁve readings were

taken at the bri_dge deck 6Ver RT130 West Bound. Twénty readings each were taken at
the other four bridge decks't“e'sted. The locations of the tests are presented on Fig. 3.11,
3.12, 3.13, 3.14, andv 3.15. ]jue to the use of epoxy coated reinforcing bars on the bridge
de;:k over RT130 West Bound, it was necessary to place>unccv)ated reinforcing bars into
the top hat. The locati‘ons: of these bars 'ar‘e 'presented in Fig; 3.16. Short lengths of
* uncoated reinforcihg bars wére welded to the e‘xi'sting reinforéement; The ends were
| tapped to accept stairﬂess éteel nuts and bolts to attach underground copper feeder cables
seen in Fig. 3'.17{ that were uSed to connect the meter to"thé reinf&rcement in the bridge
deck. To ensure accurate féadings, the connectiné léngths of reinforéing' bars we\fe wire
- brushed to rémdve the existihg corrosion.  They were then coaied with epoxy and spray
~ painted to seal out moisturé. The details of the éonnections are presented in Fig 3.18,

3.19,‘ 3.20, 3.21, and 3.22. .The cables were paséed throﬁgh'ﬂexible steel conduits and
into rain t‘ight:stéel vvencvlosﬁre to protect then ﬁom the elements é‘mdn from possible
tampering Fig. 3.23, 3.24, 3.25, 3.26, and 3.27.‘ - A reinforcing steel locator was not
needed becausé lbéatiohs of reinforcement and ‘connections 'we)re recoyded before the

placement of the concrete.
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Connections wer_é observed during the pléCerheht of concrete and were‘tested
after the concrete had’ hafdened to check for b;roken cohnections. Pictures of the
connections 'during concrete plécement can be »sev_e'nvin, Fig. 328, 3.29, and 3.30. All
connectlons survived and remamed 1ntact | |

Photographs of the five bridge decks tested on the new Route 133 nghtstown

Bypass can be seen in F1g 3.31,3.32,3.33,3.34, and 3.35.
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Fig. 3.17: Insulated Copper Underground Feeder Cables
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Fig. 3.18: Connection to North Main Street Westbound
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Fig. 3.20: Connection to Wyckoff Road Westbound
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Fig. 3.21: Connection toWyckoff Road Eastbound
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Fig. 3.22: Connection to Route 130 Westbound
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Fig. 3.29: Placement on Fresh Concrete at quth Main Street Westbound
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Fig. 3.30: View of C’onneétions at North Main Street Westbound during Concrete Placement
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Fig. 3.32: Bridge Deck over North Main Street Eastbound near Comp]etidn
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A‘ total of ﬁfteeh réédings were recorded per cycle uSing the Surface Air Flow
Field Permeability Indicator. Three readings were takeﬁ transversely across/the concrete
deck at either end and‘ at. midspan. The locations of the readings can be seen on Fig. 3.36,
3.3‘7, 3.38, 3.39, ahd 3.40." The readings provide ah indicatidn of effect of a Particular

corrosion inhibiting admixture on permeability.
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A total of fifteen readingé were taken I;er cycle using the Electrical Resistance
Test for Penefrating Sealeré. Three resistance reédings were taken on each bridge deck at
midspah. The locations of ‘the readings can be seen on ‘Fig.- 3.41, 3.42, 3.43, 3.44, and
3.45. Due to the difﬁéulty’ in creating an adequate gage using the fine line tape and the
metal mask, aﬁ aluminum m#ék with‘a rubber gasket was fabricated. The stiff aluminum
mask fabricat‘ed with the cérfect diiﬁensions eliminated the néed for the fine line tape and
mask as weH as producing é better gage according to the acceptance cri’teria. Though a
fqrmal deterrhiriation has not“ beén made f()r categorizing unsealed concrete effectiveness
against.corrosive effects using this testing method, a comparison of the various bridge

decks and admixtures in relation to each other can determine which is most effective.
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3.4 Specimen Preparation for Laboratory Tests

~ Molds for the ASTM G 109 Test were fabricated from ¥ in. Plexiglas because of
its ir'npenneability and durability. No. 5 reiriforcing bars were used for the test instead of
the No. 4 bars speciﬁed in the ASTM.to better correlate the laboratory test results with
*data gathered from the field. The 'connecti.ons' made to the five bridge decks on Route
133 Hightstown Bypass for the GECOR 6 Corrosion Ratel Test were specifically placed
on the No. 5 bars that make up the top mat of the reinforcement. Holes were drilled and
tapped in 6ne- end of each of the piecés of reinforcing bar that were to be placed in the
“molds to receive‘stainless threaded rods and nuts. This provided a better connection for
the corrosion rate and corrosion potential tests. The wire bquhed and wrapped bars were

placed into the molds and caulked into place as shown in Fig 3.46.

Fig. 3.46: Prepared Minideck Mold

7
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 Atow of thirty minidecks were cast for the ASTM G 109 Test. Allthe concrete
samples used for the research program were taken frbm the mixing trucks as the concrete
for the individual decks were placed. Six minidecks wefe b.cast for each of the five
bridges. The concrete taken were from two separajte trucks per bridge deck to better
correlate the minidgck sampl'e‘s‘ to the actual co_ncréte being placed in the new bridge
deck. Fresh and hardened concrete properties were taken by /thé NJDOT Quali-ty Control
Team and al;e,provided on Table 4;1 and 4.2 in the Results and .DisdusSion Chapter. The
samples were consolidated through rodding anq placéd under plastic sheets to cure for the
first 24 hours. The samples were removed. from the molds aftef the 24 hours and placed
ina 100% humidity room to cure for 90 days. F.ig. 3.47 shows a minideck after removal

/

from mold.

( ~ Fig. 3.47: Minideck after Rcmoval’ from Mold
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The mrmdecks were prepared for accelerated corrosron tests after 90 days.
| Slllcon caulk was then used to ﬁx Yain. thrck Plexrglas dams to the top of each sample in
the center The Plexiglas dam can be seen 1n Frg 3. 48 Concrete sealing epoxy was used
to seal all four srdes and the top of the sample except for the area enclosed by the dam.
| "‘The samples were placed on sturdy racks supported on ‘/z in. strips of wood The
mrmdeck desrgnatlons are listed on Table 3 11

The samples were ponded with 3% NaCl solutron and tested for corrosron rate
and COrrosion‘ potential as per ASTM G 109 'and -ASTM" C 876, respectively. The
vponded specrmens can be seen in Frg 3. 49 The corrosron data in provrded in the Results

and D1scussron Chapter

Fig. 3.48: View of Plexiglas Dam .



3.49: Ponded Minideck Samples
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Table 3.11: anideck Sample Location, Admixture Type, and Designation.

Bridge Location

‘ Corrosion Inhibiting

Admixture

'ASTM G 109
Minideck Designations

North Main Street - West W.R. Grace: A
Bound DCI-S '
North Main Street - East | Quick Wright Associates, B
Bound Inc.: .
R XYPEX C-2000
Wyckoff Road - West Master Builders, Inc.: C
Bound | Rheocrete 222+
Wyckoff Road - East Sika Corporation: D
' Bound - Ferrogard 901 |
- Control: E

'Route 130 - West Bounyd’ ,

-none
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4. Results and Discussion

The results presented consist of fresh and hardened concrete properties,
accelerated laboratory tests, and field measuremént. Fresh concrete properties are
presented in »Tabl'e 4.1. Hardéned concrete properties are présentéd’in Table 4.2

~ Table 4.1: Fresh Conéreté‘Propfe‘rties

Minideck | Concrete = Slump | Entrained Air
_|_Temp.(°F) | (inches) |  Content (%)

A 65 6.00
B 64 3.00 ~.5.85
C 82 ~ 3.38 | ~ 5.70
D 78 v 3.88 | 5.05
E 84 400 | 5.28

Table 4.2: Hardened Concrete Properties

28Day Average Compresive
Strength (PSI)

Minideck

A 5825
B 5305

C 4425
D 6123
E 4935

Form Tables 4.1 and 4.2, it can be seen that the slump and air contents are ndt |
signiﬁcaﬁtly different for the various admixtures. The slump varied from 3 td 4 in.,
where as the air content varied from 5 to 6%. | |

Compressive »stren‘gth varied frdm 4425 to 6125 psi. ‘Th’e variation could be

considered a little high. _
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4.1.1 North Main Street Westbound: Laboratory Tests

The data collected for thé ASTM G 109 tests on the concrete sample's obtained
from North Main Street Westbound are prekscnted on the following Tables 4.3 and 4.4,
and Fig. 4.1 and 4.2. The concrete samples contained the corrosion inhibiting admixture
W.R. Grace: DCI - S. Corrosion rate and corrosion pbtential are tabulated on Téble 4.3
and 4.4, respectively, ar}d thé co_rresppnding _graphical variations are presen‘ted in Fig. 4.1
and42. /

o

Table 4.3: Minideck A ] ASTM G 109 Corrosion Rate (pA/cm?)
' ) /

Specimen: Cycle 1 Cycle2 | Cycle3 { Cycle4 | Cycle5 | Cycle6 | Cycle7 ' Cycle8
A1 0.60 0.90 | 0.60 0.90 1.00 0.90 0.90 1.00
A2 030 | 060 | 0.70 0.80 1.00 0.80 1.00 0.90
A3 0.20 1.00 0.60 1.10 100 | 1.10 1.50 1.50
A4 1.00 0.50 030 | 070 | 0.80 0.70 - 0.80 0.80
AS 0.30 0.10 0.10 000 | 040 0.10 0.10 0.20
: A6 010 | 0.30 0.30 0.50 0.40 0.30 040 0.40
AAveragel 042 | 057. ;| 043 067 | 077 0.65 0.78 0.80

Table 4.4: Minideck A - ASTM G 109 Corrosion Potential (mV)

| ‘Cyce2 | Cycle3 | Cycle4 | Cycle5 i Cycle6 | Cycle? | Cycle 8

Specimen| Cycle

A1 NA | NA -11.67 | -12.12 -15.29 | -13.88 -23.07 -12.54
A2 N/A NA | -2.19 -148 497 | -3.06 -11.80 -1.09.
A3 N/A N/A -0.75 -6.80 -5.39 -3.27 | -10.46 -0.86
‘A4 N/A N/A -2.07 -2.68 -7.36 -6.44 -16.03 -6.16
A5 N/A N/A -5.60 -5.92 -10.28 -9.53 -18.69 -8.99
A6 N/A N/A | -13.58 -13.91 -18.46 -17.71 -27.64 -20.50
AAverage, - N/A | N/A i | -598 -7.15 -10.29 -8.98 -17.95 -8.36

As mentioned earlier, each cycle consists of two weeks of ponding with salt water and

two weeks of drying. -
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\ 4,12 North Main Street Westbound: Field Tests
. . o L .
The data collected for the GECOR 6 Corrosion Rate, Surface Air Flow

Permeability, and Ellectricalb Resistanc:E Test for Peneti'étihg .Sealérs oh the bridge deck
over North Main Strcet Westb'oﬁnd are'pre)sented in 'fables 4.5104.9 and Fig. 43 t04.7.
‘ The concrete used in the bridge deck contained the corrosion inhibiting admixtﬁre W.R.
Grace: DCI -S. ‘GECOR 6: corrosion rate, corrosion potential, and e%lectrical resistance
are tabulated on "faBles 4.5,4.6,4.7, and displziyéd on Fig. 4.3,4.4, 4.5, respéctively., Air
perméability readings are presented on'TaBIe:4.8 and Flg 4.6. “Eléctrical‘resistance:‘ |

readings are presented in Table 4.9 and Fig, 4.7.

Table 4.5: North Main Street Westbound GECOR 6 Corrosion Rate (nA/cm?)

‘Reading | 1st | 2nd | 3rd | 4th

| No. | Quarter | Quarter | Quarter | Quarter’

Connection #

10216 | 0169 | 01451 | 0.130
| 0274 | 0413 0.132 | 0.162.
0183 [ 0227 [ 0128 | 0.150
, 7 0196 | 0154 | 0.133 | 0.156
[ Average | 0.234 0.174 0.133 | 0.152

1
2 - | 0280 | 0.157 | '0.096 | :0.135
3 ~0.265 0.084 0.121 | 0.201
4 0.216 | 0.127 0.171 | 0.181
5 0.250 0.110 0.129 | 0.001
B2 1 0.295 0.231 0.109 | 0.119
B 2 0.264 0.140 0.089 | 0.094 |
3 0.244 | 0.203 0.136 0.137
4 0.262 0.116 | 0.154 | 0.136
, 5 0211 | 0.145 | 0.131 | 0.131
B3 1 0222 | 0162 | 0.156 | 0.208
2 0.205 -0.175 0.147 | 0.127
.3 0.259 0.178 | 0.138 0.119
4 0.206 | .0.136 0.155 0.139
5 | 0263 0.211 | 0.159 0.156
B4 1 0191 | 0196 | 0.155 | 0.362
2
3
4
5




Table 4.6: North Main Street Westbound GECOR 6 Corrosion Potential (mV)
Connection # Reading | 1st I 2nd | 3rd | 4th

No. | Quarter | Quarter | Quarter : Quarter

B1 1 -88.8 | -1274 | -220.7 | -234.9

’ T2 562 | -12841. | -1686 | -154.2
. 3 635 | -1245 | -190.3 | -202.5
4 759 | -140.9 | -1832 | -194.3

, 5 830 | -1334 | -1878 | -192.7

. B2 1 782 1264 | -2147 | -219.7
2 -84.1 878 | -211.8 | -218.7

3 735 | -1236 | -2188 | -2271

4 -764 | -120.8 | -227.5 | -233.2

5 736 1263 | -221.1 | -2358

B3 1 -86.4 -1086 | -233.3 | -2535

-2 955 | -116.7 | -2404 | -2497

T3 -99.8 -116.1 | -266.2 | -2674

4 -89.9 1265 | -213.3 | -2205

5 957 1423 | -2166 | -226.3

B4 K 912 | 1429 | -203.3 | -239.2

' 2 -98.5 1315 | -2224 | -2453

3 831 | -153.3 | -203.8 | -227.6

4 -83.2 1415 | -169.7 | -181.7

5 917 | 1423 | 1911 | -201.9

Average | -83.410 | -128.045 | -210.230 | -221.308

Table 4.7: North Main Street Westbound GECOR 6 Electrical Resistance (KQ)
Connectnon #i Readmg ’ 1st * 2nd

3rd | 4th

uarter Quarter I Quarter | Quarter Ji

1‘ .

2 122 | 1.60 146 | 1.05

3 147 | 148 | 153 1.20

4 1.20 144 | 1.39 0.97

5 1.06 146 | 112 | 0.83

B2 1 118 111 160 | 1.30
2 123 1.20 127 | 111

3 1.20 1.24 129 | 1.08

4 116 | 1.24 1.37 1.06

' 5 124 | 123 | 1.28 0.97
B3 1 1.2 1.24 1.45 1.14
2 | 128 | 155 1.60 1.14

3 | 126 1.30 1.16 0.97

4 | 132 | 138 1.14 0.93

5 126 | 1.34 147 1.04

B4 | 1 151 | 152 112 1.02
2 120 1.40 1.52 1.12

. 3 | 175 | 146 | 182 1.61
"4 1.33 144 | 1.26 1.14

E 127 | 1.38 1.54 1.14

| Average | 1.28 - 1.37 1.45 1.09
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‘Table 4.8: North Main Street Westbound Air Y‘Pe‘rm'eability
Vacuum (mm Hg), SCCM (ml/min)

Reading 1st Quarter _ |2nd Quarter '3rd Quarter |4th Quarter

No. Vacuum | SCCM | Vacuum | SCCM | Vacuum : SCCM | Vacuum

783.70- 34.75 776.90 | 53.10 | 774.80 | 5843 776.70 29.02
782.20 52.22 796.90 | 48.09 | 770.00 57.30 771.80 46.28
785.60. 24 .45 79160 | 54.32 | 708.50 31.27 683.50 32.76
786.10 | 16.66 787.20 55.93 | 779.10 57.09 678.20 50.49
783.70 ;. .30.75 79540 | 4318 | 77440 |  57.39 | 676.90 32.57
784.90 24.42 792.30 54.87 | 780.20 .50.07 770.00 32.60
779.10 56.79 748.80 | 45.19 | 776.30 | 44.59 679.00 32.55
786.30 15.63 | 790.50 33.31‘1, +781.10 | 39.03 680.40 32.66
784.20 34.34 783.90 55.72 779.30 53.01 775.60 2342
Average | 783.98 32.22 784.83 | 49.30 1 769.30 49,80 721.34 34.71

o|o|No|olslw|p|a

' Téble 4.9: North Main Strcet Westbound Electrical Resistance Sealer Test (K<)

Quarter ’Readlng No. | DC End to End (©) |DC End to End (Q) {DC Slde to Side (MQ) AC (KQ) | Avg AC
5 : Stnp 1 Strlp 2 ; ‘ | L (KQ)

win|ajw|n]alwn] o] wlrola
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4.2.1 Nbrt_h Main Street Eastbound Laboratory Tests
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The data éollecied for fhe ASTM G 109 tests on .thc cbncrete samples obtained

from North Main Street Eastbound are presented oq the folloWing Tables 4.10 and 4.11,

and Fig. 4.8 and 4.9. The concrete samples contained the corrosion inhibiting admixture

Quick Wright Associates, Inc.: XYPEX C-1000. Cbrrosioh' rate and corrosion potential

are Vtabl‘llated on Table 4.10 and 4 .11, réspeCtively, -and thé corresponding graphical

variations are presented in Fig. 4.8 and 4.9.

' Table 4.10: Minideck B - ASTM G 109 tonosioﬁ Rate (pA/sz)

Spcimen:r Cycle1 | Cycle2 | ycle3 i Cycl4 t Cycle§ i CycIeG i Cycle7 Cycl8

B1 ~-0.00 0.20 0.20 0.30. | 0.30 0.30 0.50 0.40
B2. | 0.10 0.00 000 | 010 | 0.20 ~0.10 0.30 0.20
B3 0.00 0.10 0.10 010 | 0.30 0.20 0.20 0.20
- B4 0.10 10.20 0.10 10.00 0.00 0.10 0.10 0.10
B5 0.10 0.30 0.40 020 | 0.40 0.50 0.50 0.50
. B6 0.30 - 0.30 0.50 0.30 0.50 0.20 0.40 - 0.40
BAverage; 0.10 0.18 0.22 0.17 0.28 0.23 0.33 0.30
Table 4.11: Minideck B - ASTM G 109 Corrosion Potential (mV)
Specimeni- Cycle1 | Cycle2 | Cycle3 | Cycle4 | Cycle5 | Cycle6 | Cycle7 | Cycle8
'B1 " N/A ] NA -21.52 -21.55 | -24.51 | -21.98 -31.16 -20.19
B2 N/A N/A ~| -18.61 | -17.65 | -20.35 -18.32 | -27.87 -15.69
B3 N/A - - N/A -20.51 -23.42 | -30.03 -31.47 | -45.88 -37.66
B4 N/A . N/A -19.45 -19.27 | -21.94 | -19.32 | -28.53 -17.60
BS NA |- NA | -17.75 | -17.26 | -20.33 -17.48 -25.77 -14.35
B6 N/A- | - NA -16.33 -18.64 | -22.87 -23.64 -35.04 | -27.19
B Average| N/A - N/A -19.03 -19.63 |- -23.34 | -22.04 -32.38 | -22.11
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Permeability, and Electrical Resistance Test for Penetrating Sealers on the bridge deck

over North Main Street Eastbound are pre‘sentéd in‘Tables 4.12t0 4.16 and Fig. 4.10 to

" 4.14. The concrete used in thé bridge deck contained the corrosion inhibiting admixture

| Quick Wright Associates, Inc.: XYPEX C-1000. GECOR 6: corrosion rate, corrosion

potential, and electrical resistance are tabulated on TaBles 4.12,4.13, 4.14, and displayed

on Fig.-4.l(5,4.l 1, 4.12, respectively. Air permeability readings are presentéd on Table
4.15 and Fig. 4.13. Electrical resistance readings are presented in Table 4.16 and Fig.

4.14.

Table 4.12: North Main Street Eastbound GECOR 6 Corrosion Rate (pA/cm?)

j Connection #; Reading |

|

-1 - No. -

1st - !
Quarter | Quarter | Quarter | Quarter.

2nd

3rd

4th

1
2 0.093 10.231 0.382 0.209 .

-3 0.090 . 0.068 0.138 0.455

4 0.091 0.179 0.276 0.200

5 0.050 0.120 0.264 0.398

B2 1 0.098 0.115 0.215 0.743
' 2 0.140 | 0.139 | 0.409 0.654
-3 0.080 0.909 . 0.242 0.252

4 - 0.081 0.084 .0.307 0.328

R 0.077 0.140 | 0.269 0.253

B3 1 0.087 | 0.134 0.478 10.884
‘ 2 0.100 0.287 0.432 0.296
.3 { 0.069 0.083 | 0.323 0.539

-4 .. 0.056 0.130 - 0.354 0.342

5 0.097 0.101 0.288 | 0.666

. B4 1 0.088 ~0.067 -0.110. | 0.088
-2 0.152 0.087 0.507 0.438

-3 -0.091 . 0.105 0.241 0.361

4 0.089 0.085 0.324 0.539

. 8 - .0.100 0.069 0.424 0.593

'| Average | 0.089 0.164. 0.314 0.425
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Table 4.13; North Main Street Eastbound GECOR 6 Cori‘,dsion Potential (mV)
Connection# Reading| 1st | 2nd | 3rd . 4th

No. | Quarter | Quarter ' Quarter | Quarter

1 -54.9 980 | -1435 | -139.6
2 -16.8 678 | -87.3 | -896
3 167 248 | -922 | -1258 ,
4 -19.8 355 | -886 -103.4 i
5 58 | -57.1 666 | -91.2 |
B2 1 63.1 -82.2 -130.2 | -177.9 A
2 | 574 513 | -1186 | -1356 '
3 203 | -106.9 | -1546 | -1554
4 81 | -152 | -107.7 | -129.1
5 -33.1 345 | -100.3 | -118.0
B3 1 715 1489 | -1621 | -1766 |
2 5.6 69.0 | -109.6 | -104.6
3 69 | -267 -100.9 | -1235
4 -66.9 -92.0 -137.0 | -151.6
5 32,9 =320 -117.0 | -139.2
B4 1 -73.6 684 1125 | -1255
2 51.3 176 | -1234 | -1141
3 242 =395 964 | -113.3 )
4 -3.6 -36.8 -108.4 -126.7
5 | -31 | -150 | -1047 | -131.3 ’
Average | -31.780 | -55.960 | -113.080 | -128.600

‘Table 4.14: North Main Street Eastbound GECOR 6 Electrical Resistance (KQ)
Connection# Reading | 1st | 2nd | 3rd | 4th
{ No. | Quarter | Quarter | Quarter | Quarter

21
-2 1.70 1.71 1.55 1.40
.3 1.51 1.29 1.20 1.27
4- 161 | 1.15 2.77 1.34
5 169 | 1.34 131 | 1.22
B2 1 1.47 0.99 1.53 1.00
2 1.70° 1.01 1.48 1.02
3 152 | 073 | 102 1.02
4 1.47 1.20 1.46 1.28 .
5 1.53 1.08 | 1.60 1.26
B3 1 143 | 0.87 1.30 1.14
: 2 156 | 082 | 1.18 1.18
\ 3 145 | 1.01 1.47 1.21
] 1.55 130 | 131 | 127
| 5 | 141 099 | 1.12 1.02 .
B4 1 0 127 099 | 3.21 3.73
2 1.69 0.89: 0.78 1.20 : :
3 154 105 | 146 | 1.0 .
4 1.71 1.05 1.42 1.16
‘ i 5 1.36 1.12' 0.90 0.94
| | Average | 160 | 116 | 145 1.31
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Table 4.15: North Main Street Eastbound Air Permeability

Vacuum (mm Hg), SCCM (ml/min)

" [2nd Quarter

87

Reading |1st Quarter r |3rd Quarter |4th Quarter
No. Vacuum - ‘| Vacuum Vacuum  SCCM | Vacuum -
1 784.00 33.50 713.70 27.18 778.40 58.19 +690.60 32.39
2 785.50 19.80 79250 | 51.18 781.50 32.72 688.00 32.21
3 783.70 | 26.79 744.20 39.60 781.30 54.76 685.90 32.32
4 784.80 21.72 736.30 35.25 780.00 43.27 684.00 3242
5 785.50 15.55 785.30 55.75 780.70 46.36 681.90 32.31
6 783.50 20.72 759.60 48.72 777.10 55.34 773.60 45.85
7 780.20 35.04 748.20 40.64 770.90 58.03 681.60 32.48
8 782.20 26.70 797.20 35.74 781.80 21.95 769.90 | 56.67
9 774.80 55.23 761.80 50.72 777.90 44.31 682.30 32.84
Average | 782.69 28.34 759.87 42.75 778.84 46.10 704.20 37.15

Table 4.16: North Main Street Eastbound Electrical Resistance Sealer Test (KQ)

i

I

Quarter | Readlng No.| f DC End to End (Q) | DC End to End (Q) :DC Side to Side (MQ) AC (KQ) ! Avg AC

Strip 1

Strip 2

(KQ)

245

1 6.8 9.4 5.3 15.0

2 1.7 2.2 4.6 32.0 19.7
3 24 3.2 8.3 12.0

1 4.5 6.3 16.3 37.0

2 2.5 2.2 22.3 39.0 34.0
3 1.8 2.3 19.8 26.0

1 5.0 6.5 8.0 25.0

2 76 5.2 2.3 22.0 21.0
3 1.7 2.4 ‘5.8 16.0

1 271 14.2 20.9 24.0

2 25.3 24.4 19.5 34.0 28.3
3 7.7 20.8 27.0
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431 Wyckoff Road Westbound: Laboratory Tests

The data‘ 'cblleeted for the ASTM G 109 tests on the concrete samples obtained

, 'ﬁrom Wyckoff Road Westboqnd are presented on the follOWing Tables 4.17 and 4.18, arrd

Fig. 4.15 and 4.16. 'ﬁw cOﬁcrefe samples contained the corrosion inhibiting admixture

. Master Builders, Inc.:. Rheecrere 222+. Corrosion rate arrd corrosionv ‘potential are

_ tabulated on Table 4.17 and 4 18 respectively, and the corresponding  graphical
vanatxons are presented on F1g 4.15 and 4.16.

~ Table 4.17: Minideck C- ASTM G 109 Corrosion Rate (pA/cm?)

Specimen’ Cycle1 i Cycle2 | Cycle3 | Ccle4 | Cycle5 |

Cycle6 : Cycle7 ! Cycle 8

- C1 0.10. | .0.00 0.00 0.00 0.00 0.00 0.10 0.10

- C2 0.10 0.20 040 0.40 0.40 0.30 0.40 0.40
C3 0.60 0.60 120 | 1.00 | 1.30 120 | 130 | 1.40
C4 | 040 0.70 " 0.60 0.70 . 0.60 040 | 080 | 0.60
C5 020 | 0.30 0.50 0.40 0.50 040 | 060 | 0.50
C6 0.00 - 0.10 - 0.20 - 0.20 010 | 020 | 0.30 0.30
CAveragel 023 | 0.32 0.48 0.45 0.48 0.42 - 0.58 0.55

Table 4.18: Minideck C - ASTM G 109 Corrosion Potential (mV)

| Specimen, Cycle1 i Cyclez | Cycle3 | Cyc|e4 9Cycle5 1 Cyc|e6 i Cycle7 'Cycle8

E C1 N/A NA | -14.31 -13.82 -17.82 | -14.80 | -25.45 -12.50

- C2 N/A N/A -6.39 -6.22 | -10.01 -6.85 | -17.94 -7.23

’ C3 I NA N/A -32.81 -31.44 | -36.36 -33.52 -44.23 -30.50
C4 | NA ~N/A | -35.54 -34.81 -38.87 -35.27 -46.52 -33.90

C5. | NA N/A- | -14.24 | -13.47 -18.28 -16.65 | -27.81 -16.43

C6 - N/A N/A - -21.82 -21.75 | -26.78 | -23.66 -35.38 | -23.36

C Averagel "N/A- | NA | -20.85 -20.25 | -24.52 | -21.79 -32.89 -20.65

S
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4.3.2 Wyckoff Road Westbound: Field Tests

| The data | collected for the GECOR 6 qurrosion the, Surface Air Flow
Permeability, and Electrical Reéistance Test for Penct;ating Sealers on the bridge deck
over Wyckoff Road >Westbound are presented in Tébles 4.19 to 4.23 ana Fig. 4.17 to :
4.21. The concrete used in the bridge depk contained the corrosion inhibiting admixture
Master Builders, Inc.: Rheocrete 222+. C_ECOR 6: corrosion rate, corrosion potential,
and electrical resisténée are. tabulated on Tables 4.19; 4.20, ‘4.21 and ‘displayed on Fig.
4.17, 4.18, 4.19, respectively. Air permeability readihgs are presented on Table 4.22 and

Fig. 4.20. Electrical resistance readings are presénted in Table 4.23 and Fig. 4.21.

Table 4.19: Wyckoff Road Westbound GECOR 6 Corrosion Rate (pA/cm?)

Connection# Reading| 1st | 2nd | 3rd | 4th

No. | Quarter | Quarter | Quarter | Quarter.

B1 -1 0.061 | 0.150 | 0.069 0.381
2 0.040 0.095 0.057 -0.315
3 0.063 | 0.098 0.066 0.434
4 0.082 0.155 |  0.065 0.119
5 0.064- 0.110 0.031 0.567
B2 1 0.069 0.188 | 0.037 | 0.233
’ 2 0.059 | 0.114 | 0.049 | 0.233
3 0.083 0.104 0.044 0.336
4 0.067 | 0144 | 0.046 | 0.312
5 0.089 | 0.176 0.059 0.558
B3 1 0.100 | ‘0.121 0.276 0.223
2 0.116 0.248 0.051 | 0.303
.3 0.059 0.204 0.096 0.324
4 0.064 0.117 0.048 0.263
5 0.072 0.150 0.030 0.468
B4 1 0.075 10.181 0.021 0.492 >
2 0.126 0.209 0.032 0.441
3 0.068 | 0.079 0.043 0.277
4 0.107 0.191 | 0.044 | 0.309 ’
5 0.066 | 0.136 0.042 10.347

' Average | 0.077 0.149 0.060 0.347



Table 4.20: Wyckoff Road Westbound GECOR 6 Corrosion Potential (mV)
Connection# Reading;  1st | 2nd | 3rd  4th

No. | Quarter | Quarter | Quarter ! Quarter
B1 1 -23.6 -111.2 -52.4 -118.2
2 --304 -82.3 |-'-494 -110.2
3 - -14.6 722 -91.5 -118.8
4 96 929 | -58.7 -118.8
5 -15.1 -98.1 -77.5 -145.1
B2 1 -40.2 -127.8 -67.4 . -202.1
. 2 -51.2 958 -57.8 | -127.9
3 -20.9 -104.5 -66.9 -117.2
4 7.9 -97.6 -76.9 . -115.0
5 -7.8 -83.8 - -98.6 -134.9
B3 1 -216.7 -139.0 .| -109.4 -163.6
2 -30.9 -120.8 -65.9 -140.6
3 --47 | -118.6 -90.3 -109.5
4 294 | . -770 . -69.7 - -108.7
5 - 941 <946 | -131.2 -137.5
B4 1 2205 | -1112 | -153.7 -162.3
2 - -23.3 -101.7 -60.3 -141.1 .
3 240 | -1174 -101.8 -143.5
4 -65.8 -134.8 -66.4 -142.9
5 -4.3 -84.1 -129.4 -155.8
| Average | -26.900 | -103.270 | -83.760 | -135.685

1st

2nd

3rd

Table 4.21: Wyckoff Road Westbound GECOR 6 Electrical Resistance (K<2)
Connection #i Reading | '

4th

No. | Quarter | Quarter | Quarter | Quarter

1

2 . 4.83 1.57 3.02 246
'3 i 3.43 1.1 2.98 1.44
4 247 2.21. 2.87 1.63
5 3.00 1.58 3.07 1.19
B2 1 3.77 145 3.22 1.34
2 3.67 1.32 2.53 1.37
3 . 2.90 - 1.24 2.91 1.06
4 .2.80 1.15 222 1.22
. 5 2.54 1.30. 3.30 1.13
B3 1 2.67 1.36 |  1.54 1.37
' 2 2.72 149 | 264 1.34
3 3.25 1.40 1.93 1.25
J 4 2.28 1.09 2.51 1.20
5 2.72 1.46 3.23 0.89
B4 1 3.20 1.86 4.14 0.98
2 2.99 1.56 2.92 0.96
3 3.33 1.86 2.52 0.97
4 3.05 1.75 242 0.99
| 5 2.89 1.87 2.66 0.87
! Average | 3.15 1.53 2.80 1.29
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Table 4.22: Wyckoff Road Westbound Air Permeablllty
Vacuum (mm Hg), SCCM (ml/mm)

Reading (Quarte a Quarte a Quarte 4th Qua

1 774.30 18.15 796.40 52.19 | 779.70 | 45.51 761.10 | 51.47
2 775.10 13.63 794.80 | 39.29 781.20 |- 27.93 | 772.20 53.36
3 77240 | 39.17 | 783.20 50.18 780.90 25.63 | 770.90 47.67
4 773.90 31.85 786.60 55.28 | 738.40 50.95 771.80 51.99
5 772.70 39.21 788.80 55.33 780.60 30.06 | 684.50 31.79
6 772.30 | 39.56 | 790.10 54.22 780.70 30.64 776.50 31.11
7 774.10 3045 | 781.10 35.36 778.10 | "44.68 776.90 37.25
8 775.70 16.88 788.60 | 34.38 780.20 | 23.03 770.10 59.19
9 774.20 | 32.28 788.50 | 53.01 778.80 | 22.67 775.00 43.25
Average | 773.86 29.02 788.68 | 47.69 775.40 33.46 762.11 45.23

Table 4.23: Wyckoff Roéd Westbound Electrical Re'sistanc'e Sealer Test (KQ)

Quarter ‘Readmg No.|DC End to End (©) iDC End to End (Q) 'DC Side to Side (MQ) AC (KQ) | Avg. AC
Strip1 f Strip 2 ! L (KQ)

1 26 ; 53 150.0
2 25 | 14.6 44.0 75.3
3 17 | 105 32.0
1 22 36.8 120.0
2 25 | 20.0 80.0 | 92.3
3 1.9 38.0 77.0
1 2.3 7.8 110.0
2 43 147 | 1200 | 923
3 1.8 28.7 47.0
1 2.9 20.5 39.0
2 2.7 16.5 850 | 104.7
3 4.0 19.8 190.0
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4.4.1 Wyckoff Road Eastbound: Laboratory Tests

The data collected for the ASTM G 109 tests on the concrete samples obtamed

 from Wyckoff Road Eastbound are presented on the followmg Tables 4.24 and 4. 25 and

Fig. 4.22 and 4.23. The concrete samples contained the corrosion inhibiting admixture

Sika Corporation: Ferrogard 901. Corrosion rate and corrosion potential are tabulated on
Table 4.24 and 4.25,‘ respecti\"ely, and the corresponding graphical variations are

L

presented in Fig. 4.22 and 4.23.

Table 4.24: Minideck D - ASTM G 109 Corrosion Rate (nA/cm?) -

Specimen' Cycle1 | Cycle2 | Cycle3 | Cycle4 i Cycle5 | Cycle6 : Cycle7 | Cycle8
D1 070 100 | 140 | 0.80 1.10 0.70 1.00 1.00
D2 0.80 0.80 090 | 1.10 120 | 120 | 1.30 1.20
D3 0.40 0.80 '0.80 0.80 | 080 0.80 | 0.80 0.90
D4 0.20 050 | 040 1.10 - 0.40 0.30 - 040 0.40
D5 070 | 0.80 1.20 1.30 130 | 0.80 - 1.20 | 1.10
D6 0.70 080 | 120 | 1.30 140 | 120 140 1.40

D Average| 0.58 - 0.78 0.98 1.07 ©1.03 ~ 0.83 1.02 1.00

)
J

Table 4.25: Minideck D - ASTM G 109 Corrosion Potential (mV)

' Cycle1 | Cycle2 | Cycle3 | Cycle4 Cycle5 I 'Cycle6 ! Cycle7 | Cycle8

D1 - NA N/A .-20.97 | -16.84 | -20.13 -15.07 -22.00 -8.25
D2 N/A NA | -1764 | -1479 | -17.93 -13.59 | -19.78 -5.63
D3 N/A N/A -20.80 | -18.51 | -21.74 | -17.93 -23.80 -13.50
D4 N/A N/A - -6.80 | -5.35 - -8.82 -3.96 -8.14 | 473"
D5 N/A N/A -18.30 -16.55 | '-20.00 -15.17 -22.06 -9.65.
~ D6 NA | NA -18.38 -16.55 | -19.83 -15.23 -20.22 -6.77
D Average!  N/A N/A -17.15 -14.77 | -18.08 -13.49 -19.33 -8.09
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4.4.2 Wyckoff Road Eastbound: Field Tests

The data collected for the GECOR 6 Corrosion Rate, Surface Air Flow
Permeability, and Ele‘ctﬁ.cal Resistance Test for Pgnetrating Sealéré on the bridge deck
over Wyckoff Road Eastbouﬁd are presented in Tables 4.26 to 4.30 and Fig. 4.24 to l4.28.
The concrete used in the bridge deck contained the corrosion inhibiting admixture Sika
- Corporation: Ferrogard 901. -‘GECOR 6: corrosion rate, corrbsion potential, and electrical
resistance are fabulated on T;clbles 4.26,4.27, 4.28 and displayed on F1g 4.24,4.25, 4.26,
respectiVely. Air pénneability readings are presenfed on Table 4.29 and Fig. 4.27.

7

Electrical resistance readings are prcsentéd in Table 4.30 aﬁd Fig. 4.28.
Table 4.26: Wycléoff Road.v Eastbound GECOR 6 Corrosion Rate (nA/ecm?)

| Connection #; Readingiv 1st i 2nd | 3rd | 4th
- o 1 No. - | Quarter | Quarter | Quarter | Quarter

0.028 | 0.180 0.321 0.112
-0.084 | 0.140 0.708 0.085
0.169 0.210 0.369 0.088
: 0.108 0.138 0.623 0.115
_Average : 0.114 0.188 | 0.309 0.106

B1 1 0.038 0.146 | 0.257 0.071
2 0.048 0.118 | 0.249 0.092
3 0.033 | 0.089 0.214 0.210
4 0.168 0.125 0.168 0.150
5 0.153 | 0.198 | 0.283 | 0.092
B2 1 0.190 | 0.578 0.229 0.078
’ 2 0.134 0.593 0.379 | 0.078
3 0.094 | 0.105 0285 | 0.112
4 0.176 0.142 0.274 0.105
i 5 0.162 0.146 0.320 0.130
B3 1 0.135 | 0.106 0.314 0.142
' 2 0.096 ! 0.120 0.356 | 0.066
3 0.110 | 0.083 0.198 0.134
4 0.126 0.132 | 0234 0.062
5 0.200 | 0.179 | 0.195 0.043
‘B4 1 0.036 0.223 0.210 0.153
2
3
T4 '
5




Table 4.27: Wyékoff Road Eastbound GECOR 6 Corrosion Potential (mV)

Connection# Reading ! 1st | 2nd | 3rd @ 4th
i No. | Quarter | Quarter | Quarter ' Quarter
B1 1 -85.3 | -101.1 -89.2
.2 10.5 . -25.0 -97.7 -98.4
3. 9.7 ' -38.3: -94.0 -151.5
4 -1.3 -56.7 | -99.6 -124.1
5 -13.3 -82.9 | -1104 -125.9
B2 1 -59.2. -162.3 | -172.0 -89.2
2 -27.3 -782' | -107.3 -77.6
3 17.1 -1.0 ~ -82.8 -93.4
4 -1.3 -17.7 -81.9. -117.6
5 4.2 -185. | -100.3 | -136.6
B3 1 -81.0 -82.7 -143.2 -104.6
2 -27.5 -33.2 | -110.2 | -82.0
3 -1.2 -14.9 -774 | -1314
4 -0.7 -16.9 -69.8 -94.1
5 -2.2 41.7 -86.5 -165.6
B4 1 -28.1 -82.1 | -134.2 -146.2
2 -76 | -562.7 -114.2 -116.1
3 -1.7 | -60.2 | -118.9 -94.8
4 -3.8 <67.5 -89.0 -99.7
5 -7.2 419 | -114.7 -124.8
' Average/ -12.965 | -52.985 | -105.260 | -112.590

No.

1st

2nd

3rd

i Quarter | Quarter i Quarter |

Table 4.28: Wyckoff Road Eastbound GECOR 6 Electrical Resistance (KQ)
Connection #; Reading | | '

4th
Quarter

1 . ‘ .
2 4.17 191 | 155 2.31

3 3.14 1.72 144 | 236

4 1.20 111 1.45 2.05

| "5 1.75 085 | 137 2.11

B2 1 1.67 072 | 142 2.05
2 2.04 073 | 145 2.04

3 159 | 1.01 140 | 218

4 1.72 111 | 1.38 1.55

5 1.74 1.07 | 146, | 2.16

B3 1 1.84 087 | 161 1.45
2 1.48 0.95 1.70 1.83

3 160 | 069 | 1.62 1.28

4 1.94 071 | 165 1.89

5 183 | 0.85 1.34 2.47

B4 1 516 116 | 1.32 1.81
2 397 | 080 | 148 | 202

3 205 | 073 | 097 2.22

4 2.02 130 | 1.53 1.85

5 1.67 085 | 146 2.20

Average | 2.31 105 | 148 | 1.99
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Table 4.29: Wyckoff Road Eastbound Air Permeability
Vacuum (mm Hg), SCCM (ml/min)

767.80 15.71 784.80 53.20 | 782.90 29.68 | 770.70 | 58.96
769.70 | 16.55 796.20 34.31 784.00 13.77 688.10 31.41
766.30 36.41 . | 793.50 40.39 | 780.90 45.06 689.50 31.25
766.50 57.78 - | 707.50 27.18 781.60 47.23 770.00 57.04
775.70 17.08 797.90 34.84 776.40 58.21 694.10 | 31.57
774.30 | 22.94 793.60 | 53.07 774.70 | 59.08 | 690.80 31.19
773.80 28.53 | 791.50 54.90 778.60 34.94 | 768.50 | 56.29
775.10 19.15 | 793.10 | 52.09 780.10 28.33 695.90 32.23
.9 775.50 17.00 792.80 | 52.40 780.50 | 43.66 766.20 44.83

_Average | 771.63 25.68 783.43 | 44.71 779.97 40.00 725.98 41.64

o|~|ojo|alw|n|a

Table 4.30: Wyckoff Road Eastbound Electrical Resistance Sealer Test (K€2)

Quarter |Reading No.| DC End to End (0) | DC End to End (€2) DC Side to Side (M) AC (K) | Ava. AC §
s | stip1 - | Strip2 | 3 )

1 30« 2.7 36.0 25.0

2 21 ' 24 16.0 350" 25.3
3 19 ' . 22 7.8 16.0

1 21 3.1 ’ - 230 170.0

2 47 24.2 . 31.0 1 68.0 88.3
3 15 ' 1.8 17.4 27.0

1 17 14 74 . 320

2 43 5.2 78 180 | 263
3 1.0 14 12.9 29.0
1 65 38 4 7.2 60.0
2 1.0 32 BE 15.0 84.0 73.0
'3 1.0 . 13 ' 8.1 75.0 ;
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4.5.1 Route 130 Westbound: Laboratory Tests
The data collected for the ASTM G 109 tests on the concrete samples obtained
from Route 130 Westbound are presented on the followihg Tables 4.31 and 4.32, and Fig.
4.29 and 4.30. The concrete samples did not coptain any corrosion inhibiting admixture.
Corrosion rate and c‘orrosiyon potential are tabulated on Table 4.31 and 4.32, respectively,

. [ 1
and the corresponding graphical variations are presented in Fig. 4.29 and 4.30.

Table 4.31: Minideck E - ASTM G 109 Corrosion Rate (nA/cm?)

Specnmen Cycle1 | Cycle2 | Cycle3 | Cycle4 Cycle 5 { Cycle6 | Cycle7 ' Cycle8
E1 0.80 1.40 140 1.20 1.90 1.80 N/A N/A
E2 73.00 1.80 1.40 0.80 0.50 - 0.50 N/A N/A
E3 2.00 140 | 1.30 080 ‘| 0.70 0.00 N/A N/A
E4 0.90 110 | 0.90 0.40 0.80 0.80 N/A N/A
‘ES 090 - 0.90 0.60 0.30 0.70 - 0.60 N/A N/A
E6 7.00 3.10 2.00 -0.90 | 0.50 © 040 N/A N/A
"|E Average, 2.43 1.62 1.27 0.73 0.85 0.68 " NA N/A

Table 4.32: Minideck E - ASTM G 109 Corrosion Potential (mV)

Specimen Cycle1 i Cycle2 | Cycle3 | Cycle4 | Cycle5 i Cycle6 | Cycle7 | Cycle8
E1 . -94.32 -73.40 -66.60 -55.86 -62.34 -38.95 N/A N/A
E2 -87.97 -64.68 -53.10 -39.54 -45.07 -18.83 N/A N/A
E3 -62.93 -46.52 42.77 -33.97 -40.54 2273 | NA N/A
E4 -73.88 | -53.66 -48.76 -41.68 -50.61 -32.22 - N/A N/A
E5 -79.75 | -56.92 -51.90 --43.13 | -50.35 -30.42 N/A N/A
E6 -110.52 -77.53 -70.85 -52.01. -55.15, -33.19 N/A N/A

E Average; -84.90 -62.12 -55.66 -44 .37 -50.68 -29.39 - N/A N/A
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'4.5.2 Route 130 Westbound: Field Tests

The data collected for the GECOR 6 .Cortoston' Rate Surface Air Flow
Permeablhty, and Electrical Resxstance Test for Penetratmg Sealers on the bndge deck
over Route 130 Westbound are presented in Tables 4. 33 to 4.37 and Fxg 4.31 to 4.35.
‘The concrete used i in the bridge deck d1d not contam any corrosion inhibiting adm1xtures
'GECOR 6 corrosion rate corrosion potentlal and electrlcal resistance are tabulated on
Tables 4.33, 434 435 and displayed on Flg 431 432 4.33, respectlvely Air
permeability readings are presented on Table 4.36 and F1g 4.34, Electncal resistance
readings are presented in Table 4.37 and Fig. 4.35.

~Table 4.33: Route 130 Westbound GECOR 6 Corrosion Rate (nA/cm?)
[l Connection # Reading | | st = 2nd . 3rd | 4th
| No. | Quarter | Quarter , Quarter - Quarter

1 .
2 0185 | 0142 | 0262 | 0.050
3 0203 | 0190 | 0.129 | 0.073
) 4 0138 | 0.109 | 0.101 | 0.092
— 5 0132 | 0096 | 0.115 | 0.103
B2 K 0.235 | 0096 | 0104 | 0.077
2 0202 | 0145 | 0054 | 0.066
3 0472 | 0.169 | 0.098 | 0.091
4 0.174 | 0189 | 0107 | 0414
5 0.161 | 0.223 || 0.130 | 0.099
B3 1 | 0152 | 0.132 || 0258 | 0.058
2 0.088 | 0223 || 0.074. | 0.075
3 0.210, | 0.198 | 0.064 | 0.078
4 0209 | 0173 | 0.080 | 0.095
5 0209 | 0261 | 0.088 | 0.091
B4 1 0139 | 0267 | 0.096 | 0.056
2 0222 | 0231 | 0058 | 0075
3 0.277 | 0209 | 0.073 | 0.071
4 0313 | 0317 | 0061 | 0.074
, 5 | 0271 | 0343 | 0524 | 0073
"B5 1 0266 | 0.107 | 0.053 | 0.055
' 2 0212 | 0151 | 0.087 | 0.099
3 0.177 | 0119 | 0.064 | 0.067
4 0220 | 0250 | 0072 | 0.079
5 0250 | 0.198 | 0.788 | 0.091

Average | 0208 | 0200 | 0147 | 0.094




Table 4.34: Route 1‘30 Westbound GECOR 6 Corrdsion Potential (mV)

M Connection #: Reading | 1st

. No.

| Quarter

2nd

3rd

4th

Quarter | Quarter | Quarter

1 123.2 26.8 215 28.7
2 86.1 525 | -23.9 54.0
3 65.1 107.0 -5.3 3.2
4 6.0 55.4 -13.9 -30.6
5 424 20.9 8.2 -22.2
B2 1 76.2 82.8 6.7 15.9
2 .| 451 34.6 52.4 30.7
3 | 279 34.1 -3.2 -16.0
4 7.6 53.1 0.4 -66.4
5 6.8 572 | -74 7.7
B3 B 744 | 709 -37.5 21.0
2 1.0 -12.5 336 9.6
3 332 | 708 491 17.5
] 4 336 61.7 | 438 10.1
, 5 -8.3 45.7 561 | 194
B4 1 52.3 16.9 374 | 371
» 2 186 304 | 1093 31.0
3 21.8 40.0 53.1 135
4 '23.1 76.3 109.2 40.5
5 137 477 | -81 | 106
B5 1 89.3 98.2 68.6 15.7
2 67.5 78.7 421 3.5
3 230 | 528 47.9 11.0
4 187 | 373 460 | 113
5 2.3 22.8 -64.5 18.8
| Average | 30.695 | 49.975 | 31.750 | 11.355

119
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- Table 4.35: Route 130 Westbound GECOR 6 Electrical Resistance (KQ)

Connection # Reading ; 1st : 2nd . 3rd  4th
.1 No. - | Quarter * Quarter . Quarter : Quarter

B1 1 178 | 159 | 1.41 1.48
2 179 | 180 | 124 | 1.27
3 151 | 165 | 149 1.33
- 4 214 | 220 | 154 | 1.34
5. 223 | 215 | 140 | 1.8
B2 1 185 | 207 | 168 | 107
» 2 1.50 163 | 110 | 1.1
- 3 147 164 | 1.01 | 1.10
4 1.53 169 | 097 | 0.99
| 5 171 | 187 | 124 | 1.22
B3 1 181 | 205 | 1.02 1.19
2 "2.08 189 | 0.97 1.08
3 151 | 148 | 1.1 114
4 137 | 167 | 1.30 | 1.32
- 5 141 | 167 | 1.33 1.30
B4 1 197 | 197 137 | 118
| 2 180 | 175 | 107 | 1.26
3 1.70 166 | 118 | 142
4 1.67 163 | 1.28 1.06
‘ 5 143 | 156 | 1.09 | 1.03
B5 K 241 | 252 | 1.73 1.28
2 | 173 | 158 | 171 | 1.24
3 172 | 222 | 128 | 1.00
4 187 | 239 | 184 1.20
5 | 176 | 241 | 085 | 1.22
Average | 170 | 1.85 | 1.26 117
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Table 4.36: Route 130 Westbound Air Permeability

- Vacuum (mm Hg), SCCM (ml/min)

{3rd Quarter

| Reading |1stQuarter -~ |2nd Quarter | _ |4th Quarter
um | | Vacuum | SCCM | Vacuum ! Vacuum

2 { 784.40 30.59 791.90 33.74 780.40 38.76 771.70 50.38

3 784.30 33.99 786.30 36.71 779.40 52.22 773.10 48.80

4 784.00 24.70 754.90 | 48.30 764.30 | 57.09 770.00 56.45

5 782.60. | 52.15 783.20 | 56.57 779.90 47.57 | 773.50 46.30

6 780.30 56.52 792.10 46.45 780.80 40.45 774.90 38.78

7 '784.50 '45.54 ~787.60 '52.38 779.40. 52.13 769.90 58.79

8 786.30 37.45 785.00 45.44 776.20 58.48 776.00 43.58 .
9 786.60 28.42 784.80 | 54.20 78250 | 42.71 774.00 45.66
»Average 784.46 36.00 784.36 | 46.12 778.16 45.79 772.57 48.32

Table 4.37: Route 130 Westbound Electrical Résistance Sealer Test (KQ)

Quarter Readlng No.!

~

Strip 1

Strip 2

l
t

DC End to End (Q) | DC End to End (Q) |DC Side to Side (MO), AC (KD) Avg. AC
{

- (KO)

1 16.3 19.0 75 48.0
2 111 10.1 8.0 11.0 30.3
3 326 175 7.0 32.0
1 35 1.4 6.0 57.0_

2 49 4.9 114 49.0 88.7
3 71 8.9 10.3 160.0
1 2.8 2.5 8.5 510
2 57 438 175 460 | 757
3 9.2 9.9 12.6 130.0
1 23 2.3 23.8 79.0
2 85 . 25 17.9 30.0 69.0_
3 26 6.1 17.6 98.0 ’
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~ 4.6 Comparison of Corrosion Inhibiting Admixtures

The perfoﬁnance of the individual corrosion inhibiting admixtures are compared

in Fig. 4.36 t‘o'4.42_.‘ All four of the admixtures including the control are plotted and

l

compared within each test-method used in the experimental program. ASTM G 10
Corrosion Ra_te, ASTM G 109 Corrosion Potential, GECOR 6 Corrosion Rate, GECOR 6
| ~ Corrosion Potential, GECOR 6 Electrical Resistance, Surface Air Flow Permeability, and

the Electrical Resistance Test for Penetrating Sealers are presented in Fig. 4.36, 4.37,

4.38,4.39, 4.40, 4.41, and 4.42, respectively. -



X . ,
O o .—e—DCI-S .
2.25 N\ | | —&—XYPEX C-1000 |
O ~ |—®—Rheocrete 222+ |
\\ ;—>—Ferrogard 901
2.00 \ ' ' - — X — Control
\ , ,
. \ ’
175 | \
o
1150 N
£ RN
g N\
3-1.25 X :
§ \’\ : - High Corrosion
e \ , - _
1] = : .
100 bp———r—r e e ey S e S - —— e e e
g _ X
; - ‘ »Modgyate to High Corrosion
0.75
050 f-——— —_——— = e Ottt S Sl j-—tama'maaaaaxroﬁrx
0.25 : ] 7 . -,
=" ——"_—_""__"_'"'_'_'—_"—__'"',"_""f_"“‘p&&?c&&ﬁﬁ'*
0.00 v . . v J
0 1 - 2 3

2.50

Numbelf1 of Four Weeﬁk Cycles - 6 T 8 9.

Fig. 4.36: Cbmparison of Corrosion Inhibitors Minideck Average Corrosion RatefMacrocell‘ Current (pA)

8¢l



Corrosion Potential (mV)

-90

-50

-10

\ . : ~ |—e—DCl-S
_ \\ " _ | —&— XYPEX C-1000
\ R ‘ - -——Rheocrete |
\ :
\ N , , ) 222+ =
\ : , : o , . —>—Ferrogard 901
1 2 3 6 7 -8

4 5
Numberof Four Week Cycles

Fig. 4.37: Comparison of Corrosion Inhibitors Minideck Average Corrosion Potential (mV)

6cCl



Corrosion Rate Macrocell Current (M)

0.75

0.00

0.50

0.25 |

|—e—DCI-S |

| —&— XYPEX C-1000

| —®— Rheocrete 222+ |
{—3¢—Ferrogard 901 |
1= ¥ — Control 4

Moderaté to High Corrosion

Low to Moderate Corrosion

. Passive Conditip% Y

Y

0 ‘ I 2 Quarter 3 v 4

Fig. 4.38: Comparisbn of Corrosion Inhibitors GECOR 6 Average Corrosion Rate Macrocell Current (nA)

5

0€l



155

~ Corrosion Potential (mV)

-230
-215
-200

185 |

-170

-140
-125
110

~ Corrosion Activity Uncertain

—o—DC'| -8

90% Probability of No Corrosion Occurin; -

. —A— XYPEX C-1000
—— Rheocrete 222+
| —»—Ferrogard 901 [
|—%~— Control |
- =X
x. ~ -~ — - ’* - i
1 2 Quarter 3 4 . 5

Fig. 4.39: Comparison of Corrosion Inhibitors GECOR 6 Average Corrosion Potential (mV)

Il



3.60
3.40
3.20
3.00

2.80

2.60
2.40
12.20
2.00
1.80
1.60
1.40
120
~1.00

ElectﬁaI. Resistance AC (KQ)

0.80
060
040
0.20
0.00

|—e—DCI-§ ]
, , \ |+XYPEX C-1000
. - v ~ |—®—Rheocrete 222+ |
’ : ——Ferrogard 901
.= % — Control

1 2 Quarter - 3 4

Fig. 4.40: Comparison of Corrosion Inhibitors GECOR 6 Average Electrical Resistance AC (KQ)

cel



55.00
50.00

45.00

35.00

" Air Flow Rate (mi/min)

30.00

25.00

20.00

40.00

Moderate Permeability

Low Permeability ' | —e—DCI-S
—&— XYPEX C-1000

—>—Ferrogard 901
|— % — Control

—&—Rheocrete 222+

1 ) 2 Quarter 3 " 4

Fig. 4.41: Comparison of Corrosion Inhibitors Average Air Flow Rate (ml/min)

el



.Electrial Resistance AC (KQ)

1400

-120.0

100.0

60.0

- 20.0

0.0

80.0

400 |

—e—DCI-S

| ——Ferrogard 901
{—%— Control

-+ ——XYPEX C-1000 |
—#—Rheocrete 222+

1 ) ~ Quarter 3 4

Fig. 4.42: Comparison of Corrosion Inhibitors Average Electrical Resistance AC (KQ)

pel



135

Many fluctuations can be seen in the trends contained in many of the previous
figures in this chapter. In the laboratory 'teSts, it has beén/ detemﬁned that temperature
and other ambient condftions significantly effect_s the readings (Beeby, A.W.).
Atmospheric cohditiqns such as humidity and temperature as well as the moisture conteht
of the concrete from ‘precip‘itation effect the results obtained from the field significantly.
These variables found bbth in the field and laboratory can be neglected due to the fact
that at the time of testing al\:l the bridge decks and samples are uﬁdcr the same conditions
Therefore for evaluation _purp(‘)ses, the;,error due to atmospheric and ambient conditions
can be iénored.

It should be emphasized that the experiments are continuing. The discussion

presented below pertain only to the results obtained thus far.

In Fig. 4.36: Comparison of Corrosion Inhibitors: ASTM G 109 Minideck
Average Corrosion Rate Macrocell Current (uA) a steady rise in the macrocell current
can be seen. XYPEX C-1000 kept the overall corrosion rate between the low and
passive conditions. The otﬁer admixtures and the control were tested to have corrosion
rates ranging from low to ‘high cbrrosion. Initial corrosion in the control samples was
very high and has Stabilized in the moderate to -high corrosion zone. Listed from besf to
worst performance in the  Cdrrosion Rate LaBoratory Test are as follows:
XYPEX C-1000
Rheocrete 222+
DCI-S

Ferrogard 901
Control

NRWD -

In Fig. 4.37: Comparison of Corrosion Inhibitors: ASTM G 109 Minizleck

Average Corrosion Potential (mV) the corrosion activity for the samples containing
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DCI - S remained the lowest. Though nearly equal, XYPEX C—lOOO performed slightly
better than Rheocrete 222+. The initial corrosion for the control samples were found to

be very high but decreased significantly. Listed fron{‘best to worst performance in the

—

Corrosion Potential Laboratory Test are as follows: -

DCI-S
Ferrogard 901
XYPEX C-1000
Rheocrete 222+
Control

bl o o M

In the author’s opinion the results for the GECOR 6 Corrosion Rate Meter has
been proven to be unreliable on the control deck Route :130 Westboﬁnd. This maybe due
to the fact that the epoxy coated steel was used for the reinforcement of the bridge deck
unlike the other bridge decks tested, which utilizéd uncoated steel reinforcerhent.
Though the uﬁcoated steel bars placed within the regular epoxy reinforcement should
have ovefcome this problem, the meter nevertheless 3wa$ unable fo provide accurate
readings. It is possible that the epoxy coating had interféred with the electrical continuity
of the reinforcement. This would. prevent the devicév from polarizing the reinforcement,
| which v@uld lead to inaccurate readings. This discrepaﬁcy can be Seen in the random |
results in Table 4.35, 'aﬁd Fig. 4.39 with the location of the control corrosion potential in
the positive region. For this reason, the confrol w:ill_‘bb/e/ éxcluded in the discussion of
GECOR 6 Corrosion Rate, GECOR 6 Corrosion Potential, and the GECOR 6 Electrical

\

Resistance. This will have no effect on the main purpose of the research program to

evaluate the performance of the admixtures and to determine the overall best performer.

In Fig. 4.38: Comparison of Corrosion Inhibitors: GECOR 6 Average Corrosion

" Rate Macrocell Current (nA) the results fluctuate significantly. Further long term tests
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should be perfonnéd to obtain an accurate evaluation ‘of the performances of the
- admixtures. | In the authors opinion, it can be inferred that DCI _ S is the best performing
admixture in this area. The results are steady and range in the low corfosion gegion.
Rheocrete 222+ though initially remained in the low and ‘passive corrosion region
increased significantly approaching the moderate to high' cdﬁésion region. Listed in best
to worst performance in Corrosion Rate Field Test, with the exceptioﬂ of the lcontrol as
| statéd préviously, are as folfows:
1. DCI-S$
Rheocrete 222+

XYPEX C-1000
Ferrogard 901

H WL

In Fig-. 4.39: Comparison of Corrosion Inhibitbfs: GECOR 6 Average Corrosion
Potential (mV)’ thé inac¢urate results of the tests on the control bridge. deck Route 130
~ Westbound can e‘asilyv be.‘ determined. The data series 1s located within the positive
revgion‘ of thé chart. Most éf the édmixtures afe tested to Be within the range of 9,0% no
cono§i0n occﬁrring. Accordiﬁg to tests, DC}I — S has recently in;:reased‘ in c;/prrosion
actii?ity. It is now located in the corrosion uﬁéertain regién. Li/‘éted"ﬁ'om best to worst
performing in Corrosion Potential Field Test, with the exception of the control as stated
previously, are as. follows:

_Férrpgard 901 - o
XYPEX C-1000 RN

Rheocrete 222+
DCI-S

PPN

In Fig. 4.40: Comparison of Corrosion Inhibitors: GECOR 6 Average Electrical
Resistance AC (KQ) it kcan be seen that the electrical resistance of the concrete with

Ferrogard 901 is steadily increasing. Therefore it can be concluded that Fefrogard 901
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may be more suitable in. deterring the electrechemical processes of corrosion than the
other admixtures tested. Listed in best to worst pferferming in GECOR 6 Electrical
- Resistance Tesf, wifh the exception of the control as sfated previously, are es follows:
Ferrogard‘901 o L v .‘ | o

Rheocrete 222+ ' : o

XYPEX C-1000
DCI-S

BN

In Fig. 4.41: Companson of Corrosion Inhlbltors Average Alr Flow Rate
(ml/min) it can be seen that the readmgs fluctuate s1gn1ﬁcantly but remam within the
- moderate permeablllty reglon The increase in permeablhty\ 1s due to curing of the
concrete and evaporanon of the pore water. The results have been determmed durmg
field testing, to be effected by the rough texture of the concrete bndge deck and the.
operator’s apphed pressure upon the sealing gasket. qu this reason, the rauthor suggests
~ that though the results of the Surface Air Flow Field Penmeebility?lndi_eator can he used
for a rough evaluation and ‘comparison of admixtures, 1t should not be used as an accurate
meahs to determine air permeability. This ’ﬁndingl was also stated in Participant’s
| Workbook: FHWA — SHRP ShOWCase_ (Scannelll, 1996) and in‘Chanter» 322 Air flow
rate for Ferrogafd 901 has remained steadily in the moderate regien while the*admiktures
including.v the control have ranged signiﬁcanﬂy above. Thongh Rheocrete 222+ had the
lowest air flow rate during the 3™ quarter, the rate has steadily and 'sibgniﬁcantly risen.
Listed ih best to worst perfermance in Air Flow Rate FijieldTest are as follows:
Ferrogard 901 B |
XYPEX C-1000 .
Rheocrete 222+

Control.
DCI-S

o e
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In Fig. 4.42: Comparison of Corrosion Inhibitors;» Average Electrical Resistance

AC (KQ) it can be seen that there are signiﬁcént differencés bétwéen the admixtures.
Though the surface electrical'resist_ancé of Rheocrete 222+ has recently decreased, its
overall performance in this area has been significantly beﬁer 'than the other admixtures as
well as the control. In the author’s opinipn, the GECOR 6 Corrosion Rate Meter
provides a better electrical resistance reading than the Electrical Resistance Test for
Penetrating Sealers. The GECOR 6 Corrosion Rate Meter’s ' instrumentation and
- procedures are more controlled"thani that for the Electrical Resistance Test for Penetrating
-Sealers, which results in better, more reliable data. The interest of‘ steel reinforcement
corrosion also lies beyond the surface of the concrete which the GECOR 6 Corl;bsion
Rate Meter can penetrate. Listed from best to worst performanée in the Electrical
Resistance Test for Penetrating Sealers are as folloWs:

DCI-§
- Rheocrete 222+

Control

Ferrogard 901
- XYPEX C-1000

DAL



Table 4.38: Ranked Results of Evaluation (Best — Worst) ,

2nd(dpts)

Ist(Spts) 3rd(3pts) 4th(2pts) Sth(1pt)

ASTM G 109 Corrosion Rate XYPEX C-1000 | Rheocrete 222+ DCI-S | Ferrogard 901 ~ Control

ASTM G 109 Corrosion Potential ‘DCI -S ~ | Fcrrbgard 901 .| XYPEX C-1000 | Rheocrete 222+ ’ Cbntrol
GECOR 6 Corrosion Rate DCI-S - Rheocrete 222+ | XYPEX C-1000 | Ferrogard 901 | N/A
GECOR 6 Corrosion Potential Ferrogard 901 | XYPEX C-1000 | Rheocrete 222+ DCI-S N/A
GECOR 6 Electrical Resistance Ferrogard 901 | Rheocrete 222+ | XYPEX C-1000|  DCI-S N/A

‘Surface Air Flow Field Permeability Ferrogard 901 | XYPEX C-1000 Rheocrete 222+ Control | - DCI-S

Indicator § ~ |
~ Electrical Resistance Test for 1 DCI-§ Rheocrete 222+ Control Ferrogard 901 | XYPEX C-1000
Penetrating Sealers : \ ;

ovl



Table 4.39: Points Evaluation of Corrosion Inhibiting Admixtures

DCI-S - XYPEX C-1000 Rheocrete 222+ Ferrogard 901 Control

ASTMG 109 Corrosion Raté 3 5 4 - 2 1
ASTM G 109 Corrosion Potential » | 5 |- 3 | 2 | | 4 | 1
GECOR 6 Corrosion Rate 5 3 4 - 2 o N/A
GECOR 6 Corrosion Potential 2 | 4 3 5 ’ N/A
'GECOR 6 Electrical Resistance 2 3 4 5 N/A
Surface Air Flow Field Permeability | 1 : 4 3 ( 5 2
Indicator B '
Electrical Resistance Test for | 5 “ 1 : 4 ' 2 3
Penetrating Sealers -
23 23 24 25 ~ N/A

S48
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Table 4.38 lists all the tests conducted during the course Qf the research prograrn
with admixtures ranked from best to worst for each‘tjest. From Table 4.39 it can be seen

from the arbitrary point system of evaluation that Ferrogard 901 is the best performer

~ though the differences »in‘ overall performance of the admiXtures, are not significant. In

~order to choose a corrosion inhibiting admiXture; its purpose must be taken into

. / ‘ o
consideration. Each has its benefits in certain areas of controlling corrosion though no

individual is superior in all respects.

I

Continuation of the experiments is needed in this experimental program to fully

.evaluat,e‘. the perfo'rmance of the admixtures. As of the ‘completio'n of this thesis, the

construction for the new Route 133 Hightstown Bypass has not been finished. The
bridge decks tested have not experienced heavy vehicular traffic duﬁng normal opefation
nor has road deicing salt been used during the course‘ of this’evaluiation. Though the

laboratory tests accelerate the corrosmn process, more: cycles are needed to corrode the

, 1mbedded remforcmg steel to an amount 51gn1ﬁcant for measurement _The reinforcing

steel losses have not been assessed. More data is needed to evaluate the long term

performance of the admixtures.
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5. Conclusions

Based on the experimental results and observations made during the fabrication

and testing, the following conclusioris‘ can be drawn..

There are no sxgmﬁcant dlfferences in the plastlc and hardened concrete propertles for

" the four admlxtures evaluated.

In the author’s opinion-, the results for the GECOR 6 Corrosion Rate Meter has been

~proven to be unreliable on the control deck Route 130 Westbound due to the epoxy

coated reinforcement used for its construction.

~The author suggests that though the results of the Surface Air Flow Field
' Permeability Indicator can be used for a rough evaluation and comparlson of

admixtures, it should not be used as an accurate means to determine air permeability.

In the author’s.'opiniori, the GECOR 6 Corrosion Rate Meter provides better electrical
resistance reading than the Electrical Resistance Test for Penetrating Sealers.

The best overall performing corrosion inhibiting admixture within the research

- program according to the points evaluation system is Sika Corporation: Ferrogard 901

The best performing corrosion inhibiting admixture in the ASTM G 109 Corrosion

Rate Test is the Quick Wright Associates, Inc.: XYPEX C-1000

‘The best performmg corrosion mhlbltlng admixture in the ASTM G 109 Corrosion
Potentlal Test is the W.R. Grace DCI S

The best performing corrosion mhlbltmg admixture in the GECOR 6 Corrosion Rate
Test is the W.R. Grace: DCI S

The best performmg corrosion inhibiting admlxture in the GECOR 6 Corrosion
Potential Test is the Slka Corporation: Ferrogard 901

The best performing corrosion inhibiting admixture in the GECOR 6 Electrical
Resistance Test is the Sika Corporation: Ferrogard 901

The best perfonhing corrosion inhibiting admixture in the Surface Air Flow Field
Permeability Test is the Sika Corporation: Ferrogard 901

The best performing coi'fosion inhibiting admixture in the Electrical Resistance Test
for Penetrating Sealers in the W.R. Grace: DCI - S

Continuation of the study is needed in thls experimental program to fully evaluate the
long term performance of the admixtures.
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6. Appendix

Table 6.1: Interpretation of Corrosion Rate Data (Scannell, 1997)

Icorr (nA/cm?) Corrosion Condition
Less than 0.1 " Passive Condition
0.1t00.5 v Low to Moderate Corrosion
0.5t0 1.0 Moderate to High Corrosion
Greater then 1.0 " High Corrosion

Table 6.2: Interpretation of Half Cell (Cdrrosion) Poiential'Readings (ASTM C 876)

Half Cell Potential (mV) B i Corrosion Activity
-200 > _ 90% Probability of No Corrosion
. - o Occurring
-200 to -350 Corrosion Activity Uncertain
<350 . ~ 90% Probability of Corrosion Occurring

Table 6.3: Relative Concrete Permeability by Surface Air Flow (Manual for the
eration of a Surface Air Flow Field Permeability Indicator, 1994).

- Air Flow Rate (ml/minute) ~{ - Relative Permeability Indicated

0to 30 - : . Low "
- 30to0 80 | . Moderate

80> ‘ | High
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