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INTRODUCTION AND OBJECTIVE

The concrete admixture Ipanex® manufactured by IPA Systems Inc. was submitted to the Iowa
. Department of Transportation New Products Committee on April 15, 1998. The New Products
Committee requested that the lowa DOT Materials Laboratory evaluate the durability, corrosion
. inhibiting and concrete permeability reduction affects of this admixture. This report is intended to
" present the results of testing in Iowa DOT Materials laboratories, review a Pennsylvania State
University report as well as review of the IPA Systems Inc. marketing literature. The objective is to
provide the new products committee with a recommendation concerning approval of this product
based on the information gathered. ' '

TESTING AND ANALYSIS

Four tests were performed on concrete samples as part of this evaluation. These tests and the results
are described in the paragraphs below. The test samples were mixed as described in Table 1. The four
mixes were cast into slabs with a ponding surface according to AASHTO 259-80. A #3 black steel
rebar was placed at one inch from the ponding surface with a lead attached to measure half-cell
potentials. Additionally, four-inch cylinders were cast from each mix to obtain samples for rapid
chloride ion permeability testing. -

Table 1

Mix Number: 1 2 3 | 4
Cement: Lehigh I LehighI Lehigh Lehigh -
Coéarsé‘ Aggregate: - Fort Dodge Fort Dodge - Fort Dodge Fort Dodge
Fi_m_e Aggregate: Cordova + Cordova Cordova Cordova
NaCl: | .- | -- 3 Ibs/yd® 3 Ibslyd®
Ipanex®: -- 13.8 oz/cwt -- 13.8 oz/cwt

‘ of cement* . of cement*

. *Manufacturer’s recommended dosage

Chloride Content

At the end of the 90-day salt ponding, powdered samples were taken from each slab according to
AASHTO T 260-95. Chloride determinations were performed with x-ray fluorescence (XRF). Four
samples were retrieved from each slab (two locations per slab). The powdered samples were taken
at 0.5 inch and 1 inch from the surface respectively. This total of 16 samples was then analyzed using
XRF resulting in the data shown in Figure 1. There are two things apparent from the graph: (1)
There is no significant difference between samples with and without Ipanex® or with and without
added salt at the 0.5 inch depth; (2) At the 1 inch depth, there is less variation between samples with
and without Ipanex® and the samples with added salt are easily visible.
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are described in the paragraphs below. The test samples were mixed as described in Table 1. The four
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At the end of the 90-day salt ponding, powdered samples were taken from each slab according to
AASHTO T 260-95. Chloride determinations were performed with x-ray fluorescence (XRF). Four
samples were retrieved from each slab (two locations per slab). The powdered samples were taken
at 0.5 inch and 1 inch from the surface respectively. This total of 16 samples was then analyzed using
XREF resulting in the data shown in Figure 1. There are two things apparent from the graph: (1)
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INTRODUCTION AND OBJECTIVE

_ The concrete admixture Ipanex® manufactured by IPA Systems Inc. was submitted to the Iowa
Department of Transportation New Products Committee on April 15, 1998. The New Products
Committee requested that the lowa DOT Materials Laboratory evaluate the durability, corrosion

- inhibiting and concrete permeability reduction affects of this admixture. This report is intended to

present the results of testing in Iowa DOT Materials laboratories, review a Pennsylvania State

University report as well as review of the IPA Systems Inc. marketing literature. The objective is to

provide the new products committee with a recommendailon concernmg approval of this product

based on the information gathered.

TESTING AND ANALYSIS

Four tests were performed on concrete samples as part of this evaluation. These tests and the results
are described in the paragraphs below. The test samples were mixed as described in Table 1. The four
mixes were cast into slabs with a ponding surface according to AASHTO 259-80. A #3 black steel
rebar was placed at one inch from the ponding surface with a lead attached to measure half-cell
potentials. Additionally, four-inch cylinders were cast from each mix to obtain samples for rapid

chloride ion permeability testing.
Table 1

Mix Number: 1 2 3 , 4
Cement " Lehighl LehighI " 'LehighI " Lehighl
Coarse Aggregate - Fort Dodge Fort Dodge - - Fort Dodge Fort Dodge
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NaCL .- L 3 byyd 3 Ibs/yd®
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*Manufacturer’s recommended dosage

Chloride Content

At the end of the 90-day salt ponding, powdered samples were taken from each slab according to
AASHTO T 260-95. Chloride determinations were performed with x-ray fluorescence (XRF). Four
samples were retrieved from each slab (two locations per slab). The powdered samples were taken
at 0.5 inch and 1 inch from the surface respectively. This total of 16 samples was then analyzed using
XRF resulting in the data shown in Figure 1. There are two things apparent from the graph: (1)
There is no significant difference between samples with and without Ipanex® or with and without
added salt at the 0.5 inch depth; (2) At the 1 inch depth, there is less variation between samples with
and without Ipanex® and the samples with added salt are easily visible.



Rapid Chloride Ion Permeability

This test was performed according to AASHTO Test Method T 277-96. ‘The resulting values were
2187 coulombs for the control and 1917 coulombs for the sample with Ipanex®. These are both on
the borderline between Low and Moderate Chloride Ion Permeability as defined in Table 10fT 277-
96. These two results are not mgnrﬁcanﬂydlﬁ‘erent.

Half Cell Potential Tmt
This test is an adaptation of ASTM C876-91 Standard Test Method for Half-Cell Potentials of
Uncoated Reinforcing Steel in Concrete. Four concrete slabs were prepared for this test as described
previously. . The slabs were subjected to salt ponding for 90 days with a 3 percent sodium chloride
solution. Half-cell potentials were measured initially and weekly thereafter. The readings were taken
at three locations on top of each slab. Results are shown in Figure 2. The results showed no
significant difference between the readings for the Ipanex® samples and the controls. We would -
‘recommend cautious interpretation of these results both from our testing and that of Reference 1
because the ASTM method warns about inferences of corrosion without strong knowledge of all of
the reactions that may be occurring at the steel. Readings for both Ipanex® and control samples were
below (more positive than) -0.20 volt for the majority of the test period.

Compressive Strength

The East Central Iowa Transportation Center Materials Laboratory performed compressive strength
tests on several cylinders of concrete from a project (STP-S-06(33)—5E-08) in Benton county in July
1998. See Figure 3 and the attached data sheets. The first three samples are from PCC without
Ipanex® while the remaining six samples contain Ipanex®. Note that all of the samples had very
similar characteristics and all were cured for 28 days. The average 28 day compressive strength
values for these tests were about 1300 psi lower for the samples with Ipanex®.

DISCUSSION

The stated purpose for using Ipanex® in bridge concrete is to decrease the permeability of the
concrete especially to chloride ions in order to protect the reinforcing steel (and hence the bridge)
from the corrosive effects of the chloride ions. In order to make a recommendation in favor of using
Ipanex®, we would need to be able to demonstrate two things: (1) that the product is having a
significant effect on permeability and related corrosion and (2) that it is economically worthwhile to
use this product to perform that function versus connnumg current methods and materials. Let’s look
at each of these in turn:

(1) Performance _

Concrete containing Ipanex® has not performed significantly better in any of the tests that were
performed in lowa DOT materials laboratories. In some cases it did not perform as well as control.
The marketing literature provided by IPA Systems Inc. and the Report (Reference 1) produced by
Pennsylvania State University list results and conclusions that are generally in sharp contrast to these
findings. We have serious concerns, however, with some.of the research and data that went into these
references.



In the product literature (with the exception of the Turnpike bridges) there are very few controlled
tests; most of the information is presented in terms of single case anecdotes (ie. of the form ‘Ipanex®
was used in structure X and it’s doing very well’). Also included are several copies of approvals by
various entities (state, county, corporation) for use of Ipanex® in projects or field evaluations. At least
one of these is included despite an explicit request by the approving authority that the approval not
be used for promotional purposes - a pomt to consider if the TIowa DOT is to grant approval.

Rcference lisa report by Pennsylvania State University. The report covers research done m two
studies, one in 1991 and the other in 1998 Wehadseveraloonoemsabom the results and conclusions
reached by Reference 1: :

- Data from the rapid chloride ion permeability test was considered (by the authors of Reference
1) to be showing unusually high values, so the test was assumed to be invalid. Figure 4 contains
the comparison graphs used in Reference 1 to reach this conclusion. The results of the same two
tests conducted at the Iowa DOT do not indicate a problem nor do they indicate any significant
difference between samples with and without Ipanex®. The data for these was discussed earlier
and shown in Figures 1 and 2. If the high readings for rapid chloride ion permeability were due
mainly to the use of Ipanex®, we would expect the values in our tests to be higher as well

In the sample selection process for chloride penetration in the 1991 study, the control samples
(those without Ipanex®) were chosen from “areas of high deterioration”. Chloride levels are not
listed for areas without deterioration in concrete without Ipanex®. This means that the high levels
of chloride in those areas (without Ipanex°) could have resulted from other causes than high

o ‘permeablhty, such as cracking.

Some areas on bndg&s with Ipanex® were found to have high chloride levels near the steel but no
corrosion in the 1991 study. This emphasized (without explicitly stating) the corrosion fighting
properties of the product based on chemistry effects. The question that arises is where did the
chloride come from?. The 1998 study emphasized low chloride permeability, implying that the
corrosion was not occurring (in the treated bridge decks) because the water and chlorides were
not reaching the levels of the steel. '

The written analysis of the performance of the bridge decks in general did not attempt to rule out
any other plausible causes for deterioration or lack thereof. For example, air content in the 1973
bridges was listed as between four and seven percent. Entrained air content is an important factor
for concrete durability; and concrete with four percent air could behave quite differently in
comparison with concrete at seven percent air. Additionally, it would not be uncommon for the
air content of one bridge to be different from the next. The air content in hardened concrete is a
relatively easy test to perform but no such analysis was reported.

A lot of faith is put into the water permeability test by the authors of Reference 1. This test is
apparently a modification of the Army Corps of Engineers test method CRD-C 48-55 (circa
1955). There is no discussion in Reference 1 for the rationale behind any of the modifications to



this test method. We obtained a copy of the 1992 issue of CRD-C 48 (attached). In this issue,
the samples tested are either 6 or 14.5 inches in diameter. The sample is confined and subjected
to a pressure difference of 200 psi. Volume observations are “continued until the flow becomes
&ssentlallyconstam, nommllyﬁ)r 14 to 20 days.” Once the flow has become constant, the hourly
flow rate is used in the equation shown on the last page of the method to determine the

permeability.

Reference 1 describes the test and results as follows: The samples were “25 - 75 mm in diameter

and approximately 67 mm in length” for a specimen (that is between 1 and 3 inches in diameter

- and approximately 2.5 inches long). The pressure used was 300 psi. One of the two control

samples exhibited a permeability (k) of 0.22 microdarcy; the other “did not achieve a constant

flow rate after seven days, and was subsequently shut down.” The two samples with Ipanex®

“were tested for seven days and produced no appreciable water.” The amount of water was
"enough, however, to show up on the graph presented in the report.

Several questions arise from this information. What were the permeability values for the two
Ipanex® samples? Why stop testing at seven days? What were the actual diameters of the
samples? After all, flow rate Q (the subject of the graph) is inversely proportional to the square
of the diameter. Were the diameters the same for the control as for the Ipanex® samples? What
did the flow curve for the other Ipanex® sample look like? What did the curve for the other
control sample look like? If the flow rate for a 6 inch or 14.5 in diameter sample is expected to
stabilize in 14 to 21 days (per CRD-C 48), should we expect a 1 to 3 inch sample (25 - 75 mm)
to stabilize in only 7 days (again Q is inversely proportional to sample diameter squared)? In fact,
the control line on the graph in Reference 1 does not appear to have stabilized. The CRD-C 48 -,
: test ‘method measures water flow using the input water which is not in contact with the
almosphere In the reported test, flow was measured using a scale on the outflow. With only 2.5
ml or less of water flowing in 7 days, water evaporation could be affecting the result significantly.
The graph appears to be cumulative volume with time. Evaporation would explain why the
volume shown by the Ipanex® line actually appears to decrease toward the end of the test.

Essentially, there are too many questions, omissions and irregularities in this reported permeability
test to accept the results.

(2) Economics

The results of testing at the lowa DOT materials laboratories were not supportive of usmg Ipanex®
based on performance. But even assuming performance, we can only recommend use of an admixture
on Iowa projects if the economics favor it over what is being used now and what is available for use
now. The following discussion is based on an approximate cost of Ipanex of $23 per cubic yard of
concrete placed.

Currently, all bridges specified by the Iowa DOT are required to use epoxy coated reinforcing.
‘There is no indication that we will be moving away from that in the near future. The only cases where
we have shown significant corrosion related distress in the last 20 years of use were the result of a



combination of cracks in the concrete and defects in the epoxy coating. Reahstxcally, neither of these
would be affected by use of Ipanex®.

If low permeability of the_ concrete is desired (say for potential epoxy coating problems) there are
other methods that will work at least as well as Ipanex® at far less cost. Two examples are slag and
silica fume additions. Table 2 below shows a comparison of test data from the Materials Laboratory
at the Iowa DOT. The data are results ﬁ'omtestmgmaccordance with

AASHTO T-277.
: Table 2 )
Concrete/Cement Tmf_:» Rapid Chloride Jon Permeability B@g;gg
_ {coulombs)
C4 2187
C-4 with Ipanex® 1917
C-4 Type 1S cement (slag), 10% fly ash » 945
CA Type 1S cement, 10% fly ash, 5% silica fume | A 523

Note that the test results show we can reduce permeability by almost 60 percent by using cement with
slag and by almost 80 percent by also using silica fume. Type 1S cement is almost the same price as
regular cement and added silica fume is not much more. By the way, 28 day strengths for the
concretes with slag and silica fume are generally higher too. Either of these is a much more -
economical approach than Ipanex® on simply a price basis (ignoring all of the performance issues).

CONCLUSIONS/RECOMMENDATION

The portland cement concrete admixture Ipanex® did not show any significant benefit in terms of
improvement in areas of permeability, chloride resistance and strength in the testing performed at the
Iowa DOT. The literature and reports reviewed did not provide enough credible evidence to refute
this conclusion. Additionally, the benefits ascribed to this product can be more economically achieved
using other currently available products such as slag and silica fume. Our recommendation is that this
product not be approved for use on State projects in [owa.
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[ S B 1) VVILVE LI

(Issved 1

fnn.Jvi771Lvl

Dec. 1992) o

CRD-C 48-92

Standard Test Method for Water Permenbility of Concrete

1. Scope

1.1 This method of test covers a
procedure for determining the per-
meability of concrete when subjected
to water at a pressure of 200 psi
(1.38 MPa). The calculations are
bascd upon an application of Darcy's
iawdror unidirectional flow at congtant

cad.

2. Apparatus

2.1 The permeability test appara-
tus shall be as indicated schematically
in Fig. ] and a9 illustrated typically
in Fig. 2, page 2. Two sizes of ap-
paratus have been used: one, illus-
trated in Figs. 1 and 2, accommodates
14-1/2-in.- (368~mm-) diameter by
15-in.- (38l-mm-~) high cylindrical

specimens; the other, of similar de-

sign, accommodates 6- by 6-in. (152~

by 152-mm) cylindrical specimens.

The apparatus is composed of the

following items:

2.1.1 Specimen Containers:

2.1.1.1 Containers for 14-1/2- by
15-in. (368- by 38l-mm) specimens
shall consist of steel cylinders (Note)
with a retainer ring at the dottom and

a flange at the top. A removable cover -

~ of 1-1/2-in. (38-mm) steel and a re-

movable bottomof atleast 1/2-in. (13~

mm) steel plate (Note) shall be pro-
vided for bolting to the container. The
. flange shall have a 1/4-in.- (6.4-mm-)
wide by 1/4-in.- (6.4-mym-) deep

-~ Note.s Containara for tho Larger specimens muy be
mada from Lé=1n.« {+06-mmm=) OD pipe and for the sraaller
speclmens from 7-in.- (1 TB-Dun<11D pipe. Thecovers for
tha coatalners may connist either of flat platre or domed
castinga; the domwed deelgn {acllitatee the removal of
entnapped air. The contalivers shown in Fig. 2 have
117240, ()8-mm} butsawmsa: such thick bottoms are Rot
raquited [OoF tests made acrordiag to thia method.
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Fig. 2. Permeability apparatus

gasket groove and the cover shall have
a raised tongue fitted so as to mesh
with the groove. A rubber or neoprene
etrip of 1/4- by 1/4-in. (6.4- by 6.4-
mm) cross sectionshall be used as the
gasket. '

2.1.1.2 Containers for the 6- by
6-in. (152- by 1S52-mm) epccimens
shall be made of steel {Note) with a
cover, flange, and gasket as described
above. These contaipers will be
placed on sheet mctal squares: pro-
vided with drain holes when in use.
The containers and sheet mctal
squares are sealed together by a thin
layer of grease along the contact sur-
face when inuse.

2.1.2 Water Reservoir.- The water
reservoir shall consist of a length of
2-in. (S1-mm) pipe 48 in. {1219 mam)
long to which is attached a side arm
gage glass provided with a graduated
scale. The rescrvoir shall be con-
nected with suitable fittings. valves,
and regulators to permit the admis-
sion of water for filling, and for the
application of air pressures of 100 or
200 psai (0.69 or 1.38 MPa); and shall
be connected to the specimen con-
tainer. (Note)

Note,- Tha length nf the conncction betwaan the . tes-
ervoir and the tomthiner as ohown in big. 1 in SO {t
118 m). The asacmbly uf appafatus using the smaller
contsiners providce for 3 minimom of 1% {t (4.6 mi of
{tne detween the rescrvair and the containnr. The longth
 selected should be hased onconeiderations of the rate af
wates flow, the Tate of adaarption of air dy water ol the
opcrating pressure, and the inconvenience of replacing
“the water In the eyatem sathat the water in contact with
the arecimen 21 na tinme «ontaina more than 3.2 precent
air,

14:42

.

3. Utilities

3.1 Compressed Air.- Compressed
air (Note) at 210-250 psi (1.45-1.72
MPa) for use at 100 and 200 psi (0.69
and 1.38 MPa) shall be provided.

Note.- Compressed nitrogen may be used instand of
comprossed air il it s more readily avaitable,

3.2 Vacuum.- A vacuum pump Or
other source of reduced pressure ca-
pable of exhausting the system and

‘maintaining a vacvum of 29 in. (9.79 .

X 104 Pa) of mercury shall be
provided. .

3.3 Water.- A supply of water at
73.4+2 F (231 1.1 C) shall be pro-
vided so that thero will be available
not less than 5 gal (0.019m3) for each
large specimen and Z gal (0.008 m3)
for each small specimen that may be
under test at any one time.

4. Temperature

4.1 Thetcsts shall be condui:ted in
a room maintained at 73.4 £ 2 F
{23 £ 1.1 C).

S. Calibration of Water Reservoir

5.1 Each water reservoir shall be
calibrated using water under 200-psi
(1.38-MPa) pressure. Asmall rubber
hose is fitted by means of a threaded
adapter to the bleeder valve in the
linc betwecn the reservoir and the
specimen container. The valve to the
container is closed and the reservoir
filled with water. Presgure at200 psi
(1.33 MPa) is applied. all bleeder
valves are opcned to remove en-
trapped air, and are immediately
closed when water issues from them.
The 200-psi (1.28-MPa) pressure is
then relcased and the reservoir is
again filled withwater toa point above
the zero mark on the graduated scale.
The 200-psi (1.38-MPa) pressure is
again applied and thebleeder valve is
opened slowly and quickly closed when
the water lcvel in the reservoir and
gage glass is at the zero mark on the
scale. Water is then removed from
the system and caught in 500-cm3
increments in a graduated cylinder.
After cach 500-cm3 increment the
level in thc gage glass it read on the
scale. The calibration constant for

39?7944 >01
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the reservoir is calculated from these
readings and is expressed in ¢m3 per
unit length on the scale.

6. Specirhena

6.1 Spccimens shall be made and
cured as specified in the applicadble
sections of CRD-C's 10 and 49.

7. Procedure

" 7.1 Preparationof Specimens.-The
top and bottom of the specimen shall
be sandblasted to remove the aurface
layor of cement paste. The sides
shall then be coated with two coats of
2 70:30 by weight mixture of paraffin
and rosin, applied hot using a paint-
brush. Care shall be taken to prevent
the paraf{in-rosin mixture [rom get-
ting on the ends of the specimens and
any drops that do so shall -be care-
{ully removed by wire brushing.

7.2 Installationof Specimens.- The
inner surface of the containcr shall
be coated with one coatof the paraffin-
rosin mixture and a 1/4-in. (6.4-mm)
layer of high-strength plaster (Note)
shall be placed on the retainer ring
at the bottom. The specimen shall be
lowered immediately into the con-
tainer and firmly seated in the plaster
ring before the plaster sets. A 1/4-in.
(6-4-mm) metal rod may be used as a
guide and lever between the specimen
_and the inner wall of the container to
“agsiet in centering the specimen. Af-
ter the plaster has set, a 1-in. (51-
mm) layer of paraffin-rosin shall be
poured into the annular space between
the specimen and the container, the
remadinder of ‘the annular space shall
be filled with 200~ to 300~penctration
asphalt heated to 230 F (110 C). The
depregsion of the asphalt filling
formed upon cooling and shrinkage
shall be filled with paraffin-rosin.
The paraffin-rosin layers thus en-
close the asphalt and prevent it from
escaping through the plaster or mix-
ing with the water. The cover shall
then be bolted on, the bottom attached,
and 2ll conncctions made.

Nota.. ‘*Hydrootone,"
Cxprum Co.. |3 Tecommendend.

7.3 Pressurc Testing.- The system
shall be exhausted to a reduced pres-
sure of at lcast 28 in. (9.46 X 104Pa)

14:42
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of mcrcury. The system shall then
be filled with water at 73.4 22 F (23
% 1.1 C) until the vacuum gage shows
an abrupt decreasec to about 20 in.
(6.75 X 104 Pa) of mercury, at which
time the vacuumvalve shall be closed.
‘Trapped air shall be flushed out
through the bleeder valve and the
bleeder valve then closed. With
bleader and bypass valves closed,
100-psi (0.69-MPa) air pressure shall
be applicd to the water reservoir..
The overflow standpipe valve shall be
opcned. After 5 min the air pressure
shall be increased to 200 psi (1.38
MPa). The gage glass lavel shall be
observed and recorded daily with the
time of observation recorded to the
nearest 0.1 hr (Note 1). Observations
shall ba continued until the flow be-
comes csdentially constant, normally
for 14 to 20 days. The water in each
assembly shall be rcplaced at suffi-
ciently frequent intervals so that at
no time the watcr in contact with the
specimen has an air content greater
than 0.2 percent {(Note 2). For normal
rates of flow using apparatus of the
sort described, changing the water
.once & week hasbeen found to be suf-
ficient to prevent excessive air con-
tent. The flushing operation shall be
accomplished by relieving the air
pressure and flushing approximately
5 gal (0.019m3) of water through each
large assembly or 2 gal (0.008 m3)
through each sinall assembly.

Note 1.- Careful odservations shall de made to de-
tact and correct any leaks that may develop in the aye.
tern, cepecially at plumbing tlone or through the
‘seal around the sprcimens. Whenaver the flow datween
succaesive readinge appeara cxceselve, the possibility
of leake In the eyatam sheuld be duepected and appro-
priate Inspection made tn datect and correct them.

Note 2.- The 3ir contant of the watcr shall be deter-
mined bymeasucing the velume of alr that escapes (rom
a measured veluing of the water maintained at73.4 o2 F
(23 £ 1.1 C) and atmospheric pressore for 24 + 4 ke,

8. Calculation

8.1 The differcnces of daily read-
ingo of water reservoir level are con-
verted to volume of water flow in ml
by multiplying by the rescrvoir cali-
bration constant. The rate of flow in
¢m3 per hr is obtaincd by dividing
volume by clapsed time in hours be-
tween readings. Permeability is then

14
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calculated from the following formula:

K=Mx23.35x10 12 or

K =M x54.55 x 10”12

where:

- ks . cu ft/sec
K = permeability in —%——sq Tt (tt head /(0"

M = average flow rate for the final
5 days of the test in em3/hr,

and

23.35 x 10" %0r 54.55 x 10712 = con-
vergion factors for 14-1/2- by 15-
in. (368-by 381-mm) and for - by
6-in. (152- by 152-mm) speci-

mens .respectively for changing
3 cu ft/sec
em” /br o o cad /10 (ote)

Note.- Ca ffoce X Z31685E-02 = m”/a.

9. Report

9.1 The report shall include per-
tinent data on the characteristics of
the concrete used in the specimens,
the age at which the specimcns were
tested, values for permeability of
each specimen, average values for
groups of similar specimens, and
notations of any unusual features of

the testing procedure.

Appendix
Derivation of Equations
Darcyshwforﬂmdﬂowmapcmblemuﬁum 1 It
can be expressed as x =3 X 144 =5 x
” Aid 7
K=—% , i
e wlb
where ‘ x 1o 5 i —L x 12 F .
K = hydrautic conductivity (or coeflicicnt or per- 61‘&
meability)
M= flowraic Redmlhs:dwwdnpl‘uﬁu.wcﬁndtbal
Ac 'Almofpcxmabkmdiumpapcndicuhno K= M x 255 x w"°xf ()
ow
b= hydenulic hesd . where ‘M has units of em'hr. A @5 the arca

L = length of flow path .
This teln-cn:)up. -along with those listed bclow were
used to caleulate the factors in CRDC 48 The
followlng refationships apply:

1 em® =353 x 10° 8

1 /2 = 144 in?
! Ar = 3600 sec
h=L

Y

where

P & waterpressure

Y= density of water
Thus, Darcy"s Law becomes

2 Cl"J lh
k=m0 3531 x 107 £ LAT
e X 9D X 3600 5ec

MAR-24-1999 14:43

perpendicular to Mow in square inches, and L is the
length of the specimen in inches. For a specimen witha
dismeter of 14.1/2 in, and 3 leagth of 1§ in. VA =

- 0.0908S. Usmgll'ns value of L/A, I calculate

K = M x 2550 x 10" x 009085 =

Mx 817 x 10"
For o diameter of 6.in. and a keagth of 6 in., 1JA =
0.2122, Thas, I ealeulate

X =M xSsall x 1071

These values are reasonably close to the valucs
given in CRD-C 48, The diff isin the signifi
figures used in conversion fzciars and consiants.

For speci of other di oue has only

to caleulate the L/A ratio of the specimen and usc Eque-
tion (1) given above,

15
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DISCLAIMER

The contents of this addendum and the report to which it is attached reflect the views of the
author and do not necessarily reflect the official views of the lowa Department of Transportation.
This addendum and the report to wh1ch it is attached do not constitute any standard, specification

or regulation.

INTRODUCTION

This addendum is intended to clarify and elaborate some of the statements and analyses in the
report MLR 98-2, “Effect of Waterproofing Admixture Ipanex on Concrete Durability.” Some of
the information in this addendum was provided by representatives of IPA Systems Inc. and Dr.
Barry Scheetz, Pennsylvania State University at a meeting at the lowa DOT on 20 April 1999.
Also referenced are “Evaluation of Bridge Deck Slabs Incorporating Ipanex Concrete” by Wiss,
Janney, Elstner Associates, Inc., 1992 (hereafter referred to as WJE) and “Evaluation of Ipanex
on the Durability of Pennsylvania Turnpike Bridges” by Barry Scheetz, Ph.D. et al., 1998
(hereafter referred to as PSU). Note that this addendum does not change the
conclusions/recommendation of the referenced report MLR 98-2.

DISCUSSION

1. The Rapid Chloride Ion Permeability test, AASHTO T-277 was performed in addition to and
not in place of the Duggan test for concrete durability. The results of the Duggan test were
considered irrelevant to the conclusions of the report and were left out. Those results showed
essentially no difference between test sample and control (data is available upon request).

The PSU report recommends against using the T-277 test because of claims of erroneous high
readings. The justification for this claim is based on a paragraph and note in the AASHTO test
which read in part, “This test method can produce misleading results when calcium nitrite has
been admixed into a concrete .... Other admixtures might affect results of this test similarly.
Long-term ponding tests are recommended if an admixture effect is suspected.” In testing for
this MLR, the results of the T-277 were consistent with the ponding test in showing no
significant difference between the Ipanex concrete and the control. In the WIJE report, the
high permeability values were correlated to high water absorp’uon and low density of the
Ipanex cores tested.

2. Data are provided in the MLR from compressive strength tests perfofmed on concrete from -
the field. IPA Systems raised some concerns about the testing of concrete samples at different
air contents. Essentially, the concrete samples with Ipanex had significantly higher air
contents. The author acknowledges that the decrease in strength probably was due, at least in
part, to the increase in air content. However, adding an air entraining agent to the concrete



without Ipanex-would have made the two cases even more difficult to compare in a controlled
sense. Also, all of the other variables were maintained constant. Note too that the concrete
that was actually placed in the bridge was that with the higher air content and lower strengths.
Note that the mixes described in Table 1 were standard DOT lab mixes.

. The MLR discusses the use of a state generated letter in the IPA Systems promotional
literature received by the lowa DOT New Products Committee. IPA Systems has stated that
the letters from other states and cities were only included in the package sent to the Iowa
DOT New Products Committee in response to the committee’s request for that type of
information, and that those items are never included in the promotional packages that are sent
to other potential customers.

. In the economics portion of the MLR the cost of silica fume is discussed. This discussion
needs to be clarified. In that paragraph the report states “Type 1S cement is almost the same
price as regular cement and added silica fume is not much more.... Either of these is a much
more economical approach than Ipanex on simply a price basis....” '

(1) Note that Type 1S cement is slag cement, not cement with silica fume. So the MLR is
correct in saying that slag cement is the same price as regular cement.

(2) Also, the current price for silica fume in Iowa results in an added cost to concrete of about
$30.00 per cubic yard placed. This is considerably higher than regular concrete but =
comparable to the cost of using Ipanex.

. Some concern has been expressed about the claim in the MLR that there is a lack of
controlled tests in the product literature provided (here we are speaking of controlled field
tests). In the literature and data provided to the New Products committee, there is only one
field case cited that is a controlled study. This is the evaluation of bridge structures on the I-
76 Turnpike in Pennsylvania. All of the others listed are single case studies (with no controls).
No other controlled field study information has been provided since the pubhcatlon of the
MLR or the meeting on April 20, 1999.

The WIJE report is carefully and objectively written. Its conclusions are different from those
of the PSU report, although many references are made to its content. The WJE report
indicated considerable differences between the Ipanex and control concretes. Those
differences included air content, aggregate gradation, flat and elongated particle content,
maximum aggregate size, and cover over steel. The WIE report states in the conclusions
“These differences prevent an accurate comparison of the Ipanex concrete with the control.”
In the product literature and in the PSU report, the visual survey results are strongly
emphasized. The visual survey results showed considerably more deterioration on bridges
without Ipanex compared to the bridge with Ipanex. However, the bridge with Ipanex had air
contents ranging from 3 to 12 percent and the control had air contents between 1.5 and 2.5
percent. Also, the Ipanex bridge had at least 2.5 inches of cover over the steel in the places



sampled. The controls had cover ranging from 1.25 to 2.12 inches. The control cores with at
least 2 inches of cover did not exhibit corrosion. So the comment in the MLR about other
plausible causes of deterioration remains valid.

6. Another concern expressed about the testing that was performed by the lowa DOT is that
chloride ion permeability was tested and not water permeability. The tests performed by PSU
were intended to evaluate this permeability. The MLR listed several questions about the
Pennsylvania State University research results and several have been answered since the
publication of the MLR. Some of the more important new information is listed below:

(1) The samples were one inch in diameter and two inches long. This being the case, the
actual area of the cross section that was being tested was very small as the maximum sizes
of the aggregates were % inch for the Ipanex samples and 2 inch for the control. This
means that the measured flow rates were bound to be very small and the associated
measurement errors significant. More importantly, the sample with the larger aggregate
(Ipanex) is essentially guaranteed to have a lower permeability result because the
aggregate is taking up so much more of the cross section.

(2) The MLR lIists several concerns about the graph in the PSU report that purports to show
water permeability of the concrete samples. According to Dr. Scheetz, the curves on the
water permeability graph were plotted incorrectly by the graduate student performing the
work. Apparently, the data was quite noisy and the curve was fitted incorrectly. As a
result, the smooth curve for the Ipanex sample should not slope downward at the end of
test, nor should the control curve be sigmoidal. Instead, the two curves should be flat at
zero for a period of time followed by a linear ramp with a fixed slope. The data behind
these graphs were not available at the time of the meeting in April. Additionally,
according to Dr. Scheetz, this graph has two scales. The Ipanex data is plotted to a
different scale which is not shown on the graph. '

7. Finally, in the paragraph describing Table 2 on page 5 of the MLR, the ability of silica fume
and slag to reduce permeability is described. Please note that this decrease in permeability is
with respect to conventional concrete not concrete with Ipanex.
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DISCLAIMER

The contents of this addendum and the report to which it is attached reflect the views of the
author and do not necessarily reflect the official views of the lowa Department of Transportation.
This addendum and the report to which it is attached do not constitute any standard, specification
or regulation.

Introduction

This addendum is intended to clarify and elaborate some of the statements and analyses in the
report MLR 98-2, “Effect of Waterproofing Admixture Ipanex on Concrete Durability.” Some of
the information in this addendum was provided by representatives of IPA Systems Inc. and Dr.
Barry Scheetz, Pennsylvania State University at a meeting at the lowa DOT on 20 April 1999.
Also referenced are “Evaluation of Bridge Deck Slabs Incorporating Ipanex Concrete” by Wiss,
Janney, Elstner Associates, Inc., 1992 (hereafter referred to as WJE) and “Evaluation of Ipanex
on the Durability of Pennsylvania Turnpike Bridges” by Barry Scheetz, Ph.D. et al., 1998
(hereafter referred to as PSU). Note that this addendum does not change the
conclusions/recommendation of the referenced report MLR 98-2.

Discussion

1. The Rapid Chloride Ion Permeability test, AASHTO T-277 was performed in addition to and
not in place of the Duggan test for concrete durability. The results of the Duggan test were
considered irrelevant to the conclusions of the report and were left out. Those results showed
essentially no difference between test sample and control (data is available upon request).

The PSU report recommends against using the T-277 test because of claims of erroneous high
readings. The justification for this claim is based on a paragraph and note in the AASHTO test
which read in part, “This test method can produce misleading results when calcium nitrite has
been admixed into a concrete .... Other admixtures might affect results of this test similarly.
Long-term ponding tests are recommended if an admixture effect is suspected.” In testing for
this MLR, the results of the T-277 were consistent with the ponding test in showing no
significant difference between the Ipanex concrete and the control. In the WJE report, the high
permeability values were correlated to high water absorption and low density of the Ipanex
cores tested.

2. Data are provided in the MLR from compressive strength tests performed on concrete from the
field. TPA Systems raised some concerns about the testing of concrete samples at different air
contents. Essentially, the concrete samples with Ipanex had SIgmﬁcamly air contents.
The author acknowledges that the decrease in strength probably was due “p%’;t to the
increase in air content. However, adding an air entraining agent to the concrete without Ipanex
would have made the two cases even more difficult to compare in a controlled sense. Also, all
of the other variables were maintained constant. Note too that the concrete that was actually
placed in the bridge was that with the higher air content and lower strengths, Vo % hef
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3. The MLR discusses the use of a state generated letter in the IPA Systems promotional

literature received by the Iowa DOT New Products Committee. IPA Systems has stated that
the letters from other states and cities were only included in the package sent to the lowa DOT
New Products Committee in response to the committee’s request for that type of information,
and that those items are never included in the promotional packages that are sent to other
potential customers.

. In the economics portion of the MLR the cost of silica fume is discussed. This discussion needs

to be clarified. In that paragraph the report states “Type 1S cement is almost the same price as
regular cement and added silica fume is not much more... Extherofthcselsamuchmore
econormcal approach than Ipanex on simply a price basis...

(1) Note that Type 1S cement is slag cement, not cement with silica fume. So the MLR is
correct in saying that slag cement is the same price as regular cement.

(2) Also, the current price for silica fume in Iowa results in an added cost to concrete of about
$30.00 per cubic yard placed. This is considerably higher than regular concrete but

comparable to the cost of using Ipanex.
mp: using Ip 6\2"2 € asre 9/134_,’(,4} &FC@AXI‘O /9

. Some concern has been expressed about c]annmthehﬂ,Rthattherelsalackofcontrolled

tests in the product literature provi dg, che literature and data provided to the New
Products committee, there is only o cited that is a contro]led study. This is the

evaluation of bridge structures on the 1-76 Turnpike in Pennsylyania, All of the others listed
are single case studies (with no controls). No other controlled "3‘5 information has been
provided since the publication of the MLR or the meetmg on April 20 1999 .

con51derab1e dlﬁerences between the Ipanex and control concretes. Those differences included
air content, aggregate gradation, flat and elongated particle content, maximum aggregate size,
and cover over steel. The WIE report states in the conclusions “These differences prevent an
accurate comparison of the Ipanex concrete with the control.” In the product literature and in
the PSU report, the visual survey results are strongly emphasized. The visual survey results
showed considerably more deterioration on bridges without Ipanex compared to the bridge
with Ipanex. However, the bridge with Ipanex had air contents ranging from 3 to 12 percent
and the control had air contents between 1.5 and 2.5 percent. Also, the Ipanex bridge had at
least 2.5 inches of cover over the steel in the places sampled. The controls had cover ranging

~ from 1.25 to 2.12 inches. The control cores with at least 2 inches of cover did not exhibit

corrosion. So the comment in the MLR about other plausible causes of deterioration remains
valid.
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6. -A-last concern expressed about the testing that was performed by the Iowa DOT is that
chloride ion permeability was tested and not water permeability. The tests performed by PSU
were intended to evaluate this permeability. The MLR listed several questions about the
Pennsylvania State University research results and several have been answered since the
publication of the MLR. Some of the more important new information is listed below:

(1) The samples were one inch in diameter and two inches long. This being the case, the
actual area of the cross section that was being tested was very small as the maximum sizes
of the aggregates were % inch for the Ipanex samples and %2 inch for the control. This
means that the measured flow rates were bound to be very small and the associated
measurement errors significant. More importantly, the sample with the larger aggregate
(Ipanex) is essentially guaranteed to have a lower permeability result because the
aggregate is taking up so much more of the cross section.

(2) The MLR lists several concerns about the graph in the PSU report that purports to show
water permeability of the concrete samples. According to Dr. Scheetz, the curves on the
water permeability graph were plotted incorrectly by the graduate student performing the
work. Apparently, the data was quite noisy and the curve was fitted incorrectly. As
result, the smooth curve for the Ipanex sample should not slope downward at the end pf
test, nor should the control curve be sigmoidal. Instead, the two curves should be flat at
zero for a period of time followed by a linear ramp with a fixed slope. The data behind
these graphs were not available at the time of the meeting in April. Additionally,
according to Dr. Scheetz, this graph has two scales. The Ipanex data is plotted to a
different scale which is not shown on the graph.
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