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DISCLAIMER

The contents of this experimental research report reflect the views of the author(s) who is
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do not necessarily reflect the official views or policies of the US Department of
Transportation, Federal Highway Administration, the Commonwealth of Pennsylvania, or
Temple University at the time of publication. This report does not constitute a standard,
specification, or regulation.

The author(s), the US Department of Transportation, Federal Highway Administration,
the Commonwealth of Pennsylvania, or Temple University do not endorse products or
manufacturers. Any trade, firm names, or manufacturers' names that may appear herein
do so solely for identification purposes and because they are considered essential to this
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ABSTRACT

Scour is the leading cause of bridge failure in the United States. It is the result of
the erosive action of flowing water excavating and carrying away material from the beds
and/or banks of streams. To ensure public safety and minimize potential bridge damage
caused by scour, a countermeasure is incorporated at a stream or bridge crossing system
to monitor, control, inhibit, change, delay, or minimize stream and bridge stability
problems, including scour. Countermeasures can be installed at the time of construction
for new bridges or can be retrofitted to existing bridges when stability issues arise. Riprap
is the most commonly used countermeasure for scour protection. It is the most
understood, studied and documented of all the countermeasures. In addition to basic,
loose riprap, partially grouted riprap (PGR) is also an option when selecting a
countermeasure. PGR is relatively new in the United States, but has been used widely in
Europe to prevent scour or erosion of the bed, banks, shoreline, and at piers and
abutments. PGR construction involves placement of specifically sized riprap on top of
granular filters or geotextile filter and/or a combination of both filters. A high slump
Portland cement based grout is used to interlock the riprap by partially filling one-third to
one-half of the total void space of the original riprap. Grouting is done in the dry or in the
wet by hose or by automated mechanical means. Turbidity and pH level are the main

problems when using grouting.

Currently in Pennsylvania, the selection of appropriate countermeasures and the
design for bridge foundation protection against scour have in general been restricted in
their applications to mainly dumped riprap, which can be displaced after each flood.

Similar to Hydraulic Engineering Circular No. 23 (HEC 23), Abboud et al. (1) developed



a set of matrices that are used as guidelines for scour countermeasure selection for the
State of Pennsylvania. Abboud et al. (1) also developed design guidelines for the
recommended scour countermeasures. Partially grouted riprap was considered by Abboud
et al. (1) as vital countermeasure to control scour at Pennsylvania bridge abutments and
piers. Based on guidance developed by Federal Waterway Engineering and Research
Institute (BAW) in Germany, HEC 23 Design Guidelines 12 “Partially Grouted Riprap at
Bridge Piers” provided general requirements for grouting materials and standard
European testing for grout quality and consistency. Hence, there is a critical need to
develop guidelines to select grout design mix that minimize the environmental impact
and to utilize current US standards to control the grout design mix for the construction in
the dry and in the wet.

An experimental research study was established in this research program to
develop general requirements for grouting materials for partially grouting riprap “in the
wet” and “in the dry” that can be used in the scour countermeasure construction of
partially grouted riprap at scour critical bridges in the state of Pennsylvania. The research
program intended to utilize current US standards to evaluate grout quality and
consistency. In this experimental research, a number of grout quality control tests were
conducted and a correlation between the European Flow Table Test and ASTM C
1611”Standard Test Method for Slump of Self-Consolidating Concrete” was established.
Recommendations for grout mix design for construction in the wet and in the dry is
presented with general guidance of grouting materials for the design guidelines of

partially grouted riprap for piers and abutment.
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CHAPTER 1
INTRODUCTION

Scour is the leading cause of failure of bridges constructed over water in the
United States. It is the result of the erosive action of flowing water excavating and
carrying away material from the beds and/or banks of streams. To ensure public safety
and minimize potential bridge damage caused by scour, a countermeasure is incorporated
at a stream or bridge crossing system to monitor, control, inhibit, change, delay, or
minimize stream and bridge stability problems, including scour. The Federal Highway
Administration (FHWA) saw the need to identify common scour countermeasures and
provide guidelines for their use. Hydraulic Engineering Circular (HEC-23) “Bridge Scour
and Stream Instability Countermeasures: Experience, Selection, and Design Guidance”
(7, 19) was published to provide guidance for scour countermeasure applicability, design,
installation, and maintenance. Countermeasures can be installed at the time of
construction for new bridges or can be retrofitted to existing bridges when stability issues
arise. Riprap is the most commonly used countermeasure for scour protection. It is the
most understood, studied and documented among all of the recommended
countermeasures. In addition to basic, loose riprap, partially grouted riprap (PGR) is also
an option when selecting a scour countermeasure.

PGR as scour countermeasure is relatively new in the United States, but has been
used widely in Europe for several decades to prevent scour or erosion of the channel bed,
banks, shoreline, and at piers and abutments. PGR consists of specific sized rocks that are
placed around a pier or abutment on top of a filter layer, either a geotextile fabric or a

filter layer of sand and/or gravel, specifically selected for compatibility with the subsoil,



and "glued" together with grout (7, 10, 16, 19, 21). PGR includes using Portland cement-
based grouting to hold the riprap rocks together (16). The final configuration results in an
armor layer that retains approximately one-thirds to one-half of the void space of the
original riprap (7). The grouting considerably increases the hydraulic stability of the
armor layer over that of loose riprap by the characteristics of the much larger mass and
high degree of interlocking of the “conglomerate” particle (23). Grouting also decreases
the likelihood of stone displacement that often occurs with loose riprap. In contrast to
fully grouted riprap, partial grouting increases the overall stability of the riprap
installation unit without sacrificing flexibility or permeability. It also allows for the use of
smaller rock compared to standard riprap, resulting in decreased layer thickness.

Currently in Pennsylvania, the selection of appropriate countermeasures and the design
for bridge foundation protection against scour have in general been restricted in their
applications to mainly dumped riprap, which can be displaced after each flood. Similar to
HEC 23, Abboud et al. (1) developed a set of matrices that are used as guidelines for
scour countermeasure selection for the State of Pennsylvania. Also, developed design
guidelines for the recommended scour countermeasures. PGR was considered by Abboud
et al. (1) as vital countermeasure to control scour at Pennsylvania bridge abutments and
piers. HEC 23(19) provided general guidelines for selecting grout mix and quality control
of grout mix for construction of PGR in the wet and in the dry without environmental
concerns. The guidelines were similar to those provided by the Federal Waterway
Engineering and Research Institute (BAW) in Germany (7). Hence, there is a critical

need to develop more detailed guidelines to select grout design mix that minimize the



environmental impact and that utilize current US standards to control the grout design
mix for the construction in the dry and in the wet.

Due to this lack of experience and validations of grout design and application,
PGR has not been applied in the state of Pennsylvania. As a result, the Pennsylvania
Department of Transportation (PennDOT) supported an experimental program to develop
a design guideline for selecting appropriate grout design mix with minimum
environmental impact for the construction of PGR in the dry and in the wet based on US

standards. This thesis is part of the report submitted to PennDOT.

1.1 Research Objectives:
The objectives of the laboratory experimental research program are as follows:

1) To develop grout trial design mixes to be used in the scour
countermeasure construction of PGR “in the dry” and “in the wet” at a
scour critical bridge in Pennsylvania.

2) To evaluate the impact of water cement ratio (w/c) and anti-washout
admixture (AWA) on the flowability of grout

3) To establish a correlation between the European Flow Table Test (“Tap-
Test”) (7,19) and ASTM C 1611”’Standard Test Method for Slump of Self-
Consolidating Concrete” (“Spread-Test”) (2).

4) To propose a design guidelines for PGR target grout design mix.

1.2 Thesis Outline
Chapter 1 provides a brief introduction to the scour countermeasure and PGR.

Chapter 2 presents a literature review of grout design mix used in PGR.



Chapter 3 reviews the experimental research program.
Chapter 4 provides test results and discussion of the results.

Chapter 5 summarizes conclusions and recommendations.



CHAPTER 2
LITERATURE REVIEW
2.1 General

PGR as a scour countermeasure is relatively new in the United States, but has
been used widely in Europe for several decades to prevent scour or erosion of the bed,
banks, shoreline, and at piers and abutments (23). Partial grouting in Europe is often
performed under water, or in flowing water (10). Due to the concern for temporary water
quality impacts during placement of grout, this aspect may be a potential barrier to the
acceptance and implementation of this technology in the US. Construction cost of PGR in
the dry may increase substantially when water diversion and/or dewatering is required to
install an effective countermeasures. Many sites cannot be economically dewatered
during construction (24); therefore, the ability to place grout under water or in “live
stream” conditions while maintaining water quality parameters within acceptable limits is
of paramount importance (10, 16).

General requirements for grouting materials for partially grouted riprap (PGR)
presented in HEC-23 DG-12 are based on the guidance developed by BAW in Germany
(1, 7, 19). For PGR application, only Portland cement based grout is applicable as shown
in Photo 1. HEC-23 DG-12 target basic grout mix for one cubic yard of grout is presented

in Table 1.



Photo 1: Close-up view of partially grouted riprap (20)

Table 1: HEC 23 DG 12 Target Basic Grout Mix for one Cubic Yard

Material Quantity by weight (pounds)

Ordinary Portland cement 740 to 760

Fine concrete aggregate (sand), dry 1,180 to 1,200

Ya" crusher chips (very fine gravel), dry 1,180 to 1,200
Water 420 to 450

Air entrained 5 to 7% of cement weight
Anti-washout additive (Sicotan®) (used
only for placement underwater) 6108

Conversion factors: 1 Ib = 0.454 Kg

The targeted grout mix should result in a wet grout density ranging from 120 to
140 Ib/ft® (1922 to 2243 kg/m®). Wet densities outside this range should be rejected and
the mix should be re-evaluated for material properties of the individual constituents.
Standard European Flow Table Test (“Tap-Test”) is used to evaluate grout quality and
consistency. The target values for the Tap-Test measurements are presented in Table 2.
For construction in the wet, the grout mix should result in a maximum permissible mass

loss of grout materials of 6 percent.




Table 2: Tap-Test Target Values Measurement

13.4 to 15 inch without tapping
19.7 to 21.25 inch after 15 taps
11.8 to 13.4 inch without tapping
13.4 to 15 inch after 15 taps

Conversion factors: 1 inch = 2.54 cm

For placement “in the dry”

For placement “in the wet”

2.2 United States Literature

A limited number of sites in the US have utilized PGR as a scour countermeasure.
All PGR placement used grouting in the dry where dewatering during construction was
possible. The Minnesota Department of Transportation (MnDOT) (11) has identified
Matrix Riprap (Partially Grouted Riprap in Hydraulic Engineering Circular No. 23 (19))
as a countermeasure to provide erosion resistance for minimizing scour and erosion in
open channel flow. MnDOT performed a demonstration application of PGR Matrix
Riprap installation (May 2012) in the dry as a scour countermeasure at abutments of an
existing bridge in MnDOT District 3. The bridge abutments had existing riprap of a size
suited for PGR application. For monitoring performance over time, MnDOT applied the
Matrix Riprap treatment to only one of the two abutments (11). The existing riprap at the
abutment was rounded, whereas ideally the riprap should be angular to sub-angular.
Further, in some areas the rock gradation was uniform. In other areas, some very large
rocks were surrounded with much smaller rocks that led to small-sized voids.
Additionally, sediment and soil had washed into the voids of the original riprap in a few
areas, thus decreasing the amount of open void area available for grout penetration such
that grout only puddled on the surface. Subsequent to the installation of the Matrix
Riprap, seven grout mix designs without anti-wash additive for construction in the dry

were batched and tested at Colorado State University (11). The flow ability of each batch



was tested using standard American test equipment and compared to the results from the
Tap-Test, which was used as the standard QA/QC test for the grout component of Matrix
Riprap. Of all the standard American devices investigated, the results from the American
slump cone test (ASTM C143 (5)) exhibited the best correlation to the European Flow
Table results (7). The partial grouting of the matrix riprap was delivered by a grout pump.
The pump delivered the grout in pulses with each pulse delivering a large volume of
grout in a short period of time (2-3 seconds). The rate of grout delivery was too great for
accurate placement of the grout, resulting in excessive splash on the surface of the stones.

For installation of PGR in the wet, an anti-washout additive (AWA) must be
added to the concrete mix to prevent the washout of the grout. When an AWA is mixed
with the concrete/grout, the viscosity of the concrete/grout is increased and its resistance
to washout is enhanced (27). To reserve the flowability of the concrete after adding the
AWA, a superplasticizer (SP) additive must be added to the mix. The SP ensures enough

concrete fluidity to spread readily in place without vibration (27).

2.3 International Literature

Snobi, Bartos, and Khayat (28) and Tamimi (29) performed experimental
programs that compared the repeatability and sensitivity of assessment of workability and
washout resistance of underwater concrete. The experimental program consisted of two
parts, one was the repeatability results of the CRD C61 plunge test (29) and the MC 1
Spray test (9), the second part was the sensitivity investigation to study the effect of small
variation in dosage of the AWA and the SP on the workability and washout resistance.

Workability of the mix was assessed by the slump flow test, and the washout was

assessed by the MC-1 and CRD C61 tests. In this phase of the experiment they used a



constant water cement ratio of 0.43 and they varied the dosage of AWA using 0.30, 0.55,
and 0.60% by mass of cement and the dosage of SP using 39.5 oz, 47.5 oz, and 59.5 oz
per 220.5 Ib of cement (1.17 I, 1.40 1, and 1.76 | per 100 kg of cement).

From the results it was determined that increase of AWA results in a decrease in
the workability of concrete. On the other end, increase of SP amount results in an
increase in the workability of concrete. The results indicated the compensation between
the opposing effects of AWA and SP (28). The AWA appeared to increase viscosity and
reduce washout, while the SP enhanced the workability and increased mass loss (28).

Also it was concluded that the slump is influenced, in the order of significance, by
the dosage of SP, the dosage of cement, and the concentration of AWA. The mass loss is
affected, in order of importance, by the concentration of AWA, dosage of cement, SP,

and the interaction between the concentration of AWA and dosage of cement (27).



CHAPTER 3

EXPERIMENTAL RESEARCH PROGRAM

3.1 Experimental Test Procedure
HEC-23 DG-12 average target basic grout mix for one cubic yard of grout was
used in the experimental test program (see section 2.1). Table 3 presents the experimental

test program target trial grout mix for one cubic yard of grout placement in the wet or in

the dry.
Table 3: Experimental Test Program Target Trial Grout Mix for one Cubic Yard
Material Quantity by weight (pounds)
Ordinary Portland cement 750
Fine Aggregate, dry 1,190
Ya" crusher chips (coarse aggregate), dry 1,190
Water-Cement Ratio (w/c) 0.40to0 0.45
Air entrained 1.25 to 6.0 0z/100 Ib of cement
Anti-washout Admixture (AWA) (used only for 13.0 to 19.0 0z/100 Ib of
placement underwater) cement

Conversion factors: 1 Ib = 0.454 Kg,1 us fl 0oz = 0.03 |

Fifteen trial grout design mixes were produced in the Civil and Environmental
Engineering Construction Laboratory, College of Engineering, Temple University. Table
4 and 5 presents the experimental test program target trial grout mix for one cubic yard of
grout placement in the wet or in the dry. Twelve of the trial grout design mixes were
intended for grout placement in the wet, with varying w/c ratio of 0.40, 0.43, and 0.45
and varying AWA of 13, 15, 17, and 19 0z/100 Ib of cement. Note, 13, 15, and 17 0z/100
Ib of AWA correspond to HEC-23 DG-12 recommendation of 6, 7, 8 Ib per cubic yard of

grout of AWA, respectively. In addition, a w/c ratio of 0.45 is the maximum

10



recommended by the manufacturer of the AWA MasterMatrix UW 450 (formerly
Rheomac UW 450) used in this study. While 19 0z/100 Ib of cement of AWA
(corresponding to HEC-23 DG-12 target basic grout mix of 9 Ib per cubic yard of grout)
is outside the recommended maximum amount of AWA by HEC-23 DG-12, it is still
within the manufacture recommended limits for MasterMatrix UW 450. Further, the air
entraining and anti-washout admixtures for each individual w/c ratio were kept constant
but differed from one w/c ratio to another. Three trial grout design mix for placement of
grout in the dry were produced with w/c ratio of 0.4, 0.43, and 0.45 without AWA, and
constant air training and water-reducing admixtures. Each trial grout design mix was
repeated three times for statistical consistency. This led to forty-five batches of freshly
mixed grout in the laboratory. All the trial grout design mixes were within the
recommended average target basic grout mix for one cubic yard of grout by HEC 23 DG
12. Each trial batch mix of grout was tested in accordance with the following procedures:
e FEuropean Flow Table Test (“Tap-Test”) (7, 19), which consists of a portable

tap table of 75 centimeters square (29.53 inches); a slump cone with base

diameter of 20 centimeters (7.87 inches), top diameter of 10 centimeters (3.94

inches), and height of 20 centimeters (7.87); and a special wood taping rod.

The cone is placed on the table with a moisturized surface. The cone is filled

with grout mixture in two layers and each layer rodded for 25 times. The rod

is used to smooth off the top of the grout so it is flush with the cone. The

slump cone is picked up straight off the table. The diameter of the grout mix

on the table is measured and recorded. The table is tapped up and down 15

times and the grout mix diameter is measured and recorded (see Photo 2).
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ASTM C 1611 “Standard Test Method for Slump of Self-Consolidating
Concrete” (“Spread-Test”) (2) which consists of a portable table; a slump
cone with base diameter of 20 centimeters (7.87 inches), top diameter of 10
centimeters (3.94 inches), and height of 30 centimeters (7.87). The cone is
placed on the table inversed with a moisturized surface. The cone is filled with
grout mixture. Use a rod to smooth off the top of the grout so it is flushed with
the cone. The slump cone is picked up straight off the table. The diameter of
the grout mix on the table is measured and recorded. (see Photo 3).

US Army of Engineers Standards CRD-C 61 — 89A “Test Method for
Determining the Resistance of Freshly Mixed Concrete to Washing Out in
Water” (29) (see Photo 4). Note that this test is only for testing grout when
placed in the wet. The test consists of a clear cylinder of 1.8m (5.91 feet); a
basket with 3 inches opening and holes of 3mm (0.11 inches). The Basket is
filled with 2Kg (4.41b) of grout and is tapped ten times on a solid surface, and
then the weight is recorded again. Then the basket is freely dropped three
times in the tube. The basket is weighed after every drop and the mass loss is
recorded.

ASTM C39 “Standard Test Method for Compressive Strength of Cylindrical
Concrete Specimens” (4).

ASTM (C231 “Standard Test Method for Air Content of Freshly Mixed

Concrete by the Pressure Method” (3).

12



Photo 2: European Flow Table Test “Tap-Test”

Photo 3: ASTM C 1611 “Standard Test Method for Slump of Self-Consolidating
Concrete” “Spread-Test”
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Photo 4: US Army of Engineers Standards CRD-C 61
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Table 4: Trial Batch Mix Design For Grout Placement In The Wet

Water
_ wie AWA, Cement Fine Coarse Air Er)trainment Red_ucer
Mix Ratio 0z/100 Ib b " | Aggregate, Aggregate, Admixture, oz/ Admixture,
of cement Ib Ib 100 Ib of cement 0z/100 Ib of
cement
R.A.1 0.4 13 25 40 40 6 4,5
R.A.2 0.4 13 25 40 40 6 4,5
R.A.3 0.4 13 25 40 40 6 4,5
R.B.1 0.4 15 25 40 40 6 4,5
R.B.2 0.4 15 25 40 40 6 4,5
R.B.3 0.4 15 25 40 40 6 4,5
R.C.1 0.4 17 25 40 40 6 4,5
R.C.2 0.4 17 25 40 40 6 4,5
R.C.3 0.4 17 25 40 40 6 4,5
R.J.1 0.4 19 25 40 40 6 4,5
R.J.2 0.4 19 25 40 40 6 4,5
R.J.3 0.4 19 25 40 40 6 4,5
R.D.1 | 043 13 25 40 40 3.5 3
R.D.2 | 0.43 13 25 40 40 3.5 3
R.D.3 | 0.43 13 25 40 40 3.5 3
RE.1 ]| 043 15 25 40 40 3.5 3
RE2 | 043 15 25 40 40 3.5 3
RE3 | 043 15 25 40 40 3.5 3
RF.1 | 0.43 17 25 40 40 3.5 3
RF.2 | 0.43 17 25 40 40 3.5 3
R.F.3 | 043 17 25 40 40 35 3
RK.1| 043 19 25 40 40 35 3
RK.2 | 043 19 25 40 40 35 3
R.K3 | 043 19 25 40 40 35 3
R.G.1 0.45 13 25 40 40 15 1
R.G.2 0.45 13 25 40 40 15 1
R.G.3 0.45 13 25 40 40 15 1
R.H.1 0.45 15 25 40 40 15 1
R.H.2 0.45 15 25 40 40 15 1
R.H.3 0.45 15 25 40 40 15 1
R.1.1 0.45 17 25 40 40 15 1
R.I1.2 0.45 17 25 40 40 15 1
R.1.3 0.45 17 25 40 40 15 1
R.L.1 0.45 19 25 40 40 15 1
R.L.2 0.45 19 25 40 40 15 1
R.L.3 0.45 19 25 40 40 15 1
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Table 5: Trial Batch Mix Design For Grout Placement In The Dry

Air Water
W/C | Cement Fine Coarse Entrainment Reducer
Mix Ratio b " | Aggregate, | Aggregate, | Admixture, | Admixture,
Ib Ib 0z/ 100 Ib of | 0z/100 Ib of
cement cement
Dry 1A 0.4 25 40 40 1.25 0.5
Dry 1B 0.4 25 40 40 1.25 0.5
Dry 1C 0.4 25 40 40 1.25 0.5
Dry 2A | 0.43 25 40 40 1.25 0.5
Dry2B | 043 25 40 40 1.25 0.5
Dry2C | 0.43 25 40 40 1.25 0.5
Dry 3A | 0.45 25 40 40 1.25 0.5
Dry3B | 0.45 25 40 40 1.25 0.5
Dry3C | 0.45 25 40 40 1.25 0.5
3.2 Materials

The selected materials satisfy the requirements of the designated PennDOT
Specification (Publication 408 (25)) and are listed in PennDOT Bulletin 14, 15, and 42.
The selected grout Portland cement base concrete with grout mix design that meets the
requirements of Section 3.1 used the following materials:
e Cement — Type Il Portland cement that meets PennDot Requirment section
704(25)

e Fine aggregate — Meets Type “A” of PennDOT Table A Section 703.1(26).
Table 6 and Figure 1 present the average grain size distribution for the fine
aggregate used in the grout mix. Appendix A presents the test data of the grain

size distribution.
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Coarse Aggregate — Meets AASHTO No. 8 and PennDot requirement (26).
The aggregate was washed thoroughly before use in the grout mix. Table 7
and Figure 2 present the average grain size distribution for AASHTO No. 8
coarse aggregate used in the grout mix. Appendix A presents the test data of
the grain size distribution.

Water — Meets PennDot requirement in section 720(26).

Air Entraining Admixture — Master Air AE 90 “Air-Entraining Admixture”
(formerly MB-AE 90) meets AASHTO M 154. The Badische Anilin- und
Soda-Fabrik (BASF) product specification for Master Air AE 90 is presented
in Appendix B.

Water-Reducing Admixture — MasterGlenium 7500 “Full-Range Water-
Reducing Admixture” (formerly GLENIUM 7500) meets AASHTO M 194.
The BASF product specification for MasterGlenium 7500 is presented in
Appendix B

Anti-Washout Admixture — MasterMatrix UW 450 “Anti-Washout
Admixture” (formerly Rheomac UW 450) meets AASHTO M 194 of type S.
The BASF product specification for MasterMatrix UW 450 is presented in

Appendix B
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Table 6: Average Grain Size Distribution of Type A Fine Aggregate Used

. Avg. Percent PennDot Min. PennDot Max.
SIEVESIZE | OPENING [in] Finer [%0] Percent Finer [%] | Percent Finer [%]
[3/8] 0.375 99.9 100 100
4 0.25 97.5 95 100
8 0.125 94.7 70 100
16 0.0625 80.8 45 85
30 0.0333 50.8 25 65
50 0.02 28.5 10 30
100 0.01 5.2 0 10
200 0.005 0.2 N/A N/A
PAN 0.0 0.0 N/A N/A
100 7*%
90 \
80 —&— PennDOT
70 \\ Type A Fine
A t
. AN Sy

S
o

w
o

—o— Avg. % Finer
of Used Fine

N
o

Aggregate
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w1
o

[any
o

o

N
Y

0.5

0.05

Grain Size Opening, inch

0.005

Figure 1: Average Grain Size Distribution of Type A Fine Aggregate Used

Table 7: Average Grain Size Distribution of AASHTO #8 Coarse Aggregate Used

. Avg. Percent PennDot Min. PennDot Max.
SIEVESIZE | OPENING [in] F?ner [9%6] Percent Finer [%] Percent Finer [%)]

[1/2] 0.5 100.0 100 100
[3/8] 0.375 95.6 85 100

4 0.25 22.2 10 30

8 0.125 3.0 0 10

16 0.0625 1.1 0 5
100 0.01 0.6 N/A N/A
PAN 0.0 0.0 N/A N/A
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Figure 2: Average Grain Size Distribution of AASHTO #8 Coarse Aggregate Used

3.3 Mixing of Grout Batch

The required quantity of the grout materials and admixtures for each batch mix
were weighed in separate containers. The dry material (cement, fine aggregate and
coarse aggregate) were placed in the drum of an electrically powered one cubic yard
portable concrete mixer shown in Photo 5 & 6 and mixed for five minutes. Then the
water, air-entraining admixture, and water-reducing admixture were added to the dry
materials of the batch and the grout mixed for five minutes. For grout to be placed in
the wet, the anti-washout admixture was added last and the grout mixture was mixed

for an additional five minutes.
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Photo 5: Mixer While Mixing Concrete
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Photo 6: Mixer While Mixing the Aggregate
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CHAPTER 4
TEST RESULTS AND DISCUSSION

4.1 Test Results

Tables and figures presented in this chapter offer all the results of the tested grout
batches and also present the correlation between the Tap-Test and the Spread-Test.
Tables 8 and 9 summarize the test results of the trial batch mix design for grout
placement in the wet and in the dry, respectively. The target values for the Tap-Test
measurement and the wet density of the grout were within the statistical variability (+/-
5%) of HEC-23 DG-12 recommendations as shown in Tables 8 and 9 for grout placement

in the wet and in the dry, respectively.

4.2 Discussion

Based on the test results presented in Tables 8 and 9, the increase in w/c ratio with
various amount of AWA resulted in an increase to the average diameter in the Tap-Test
without tapping and in the Spread-Test measurements of freshly mixed grout for grout
placement in the wet as shown in Figures 3 and 4, respectively. The increase in
measurement was higher at higher w/c ratio and lower amounts of AWA. Similar
behavior was observed after 15 taps for the Tap-Test (Figure 5). However, after 15 taps
(Figure 5) the result was inconsistent and was not as conclusive as it was for the Tap-Test
without tapping and the Spread-Test. The cause of this is believed to be due to human
variability in tapping the table up and down for 15 times. When lifting the table there is a
stopper at 4 cm, the table should not hit the stopper, but it is very difficult to prevent the

hit which affect the spreading of the grout. The influence of varying water-cement ratio
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with various amounts of AWA was more noticeable with the Spread-Test (Figure 4) than
with the Tap-Test (Figure 3). Increasing the amount of AWA reduced the Tap-Test and
Spread-Test measurements as shown in Figures 6, 7, and 8. This indicates that increasing
the amount of AWA in a grout mix would reduce workability of grout whereas increasing
wi/c resulted in an increase of grout workability. Similar to wi/c ratio, the results were
inconsistent and inconclusive for the Tap-Test after 15 taps (Figure 8) than it was for the
Spread-Test. This indicates that the Spread-Test is better suited to measure
workability/consistency of freshly mixed grout than the Tap-Test. The effect of AWA on
the test measurements was more visible with 0.40 wi/c ratio than with 0.45 w/c ratio. This
indicates that higher w/c ratio reduces AWA effectiveness in the freshly mixed grout.

For grout placement in the dry, increasing w/c ratio increased the Tap-Test and
the Spread-Test measurements as shown in Figures 9, 10, and 11. However, Tap-Test
results were more consistent and conclusive after 15 taps for grout placement in the dry
(Figure 11) than it was for grout placement in the wet (Figurse 5 and 8). The difference
between grout placement in the wet and in the dry is the addition of AWA. This indicates
that the addition of AWA to the freshly mixed grout might negatively affect the result of
the Tap-Test after 15 taps. In addition, the influence of varying w/c ratio was more
noticeable with the Spread-Test (Figure 9) than with the Tap-Test (Figure 10). Therefore,
the Spread-Test is a suitable test to measure the workability/consistency of freshly mixed
grout for grout placement in the dry. Further, within statistical variability and for grout
placement in the dry, the trial grout mix with 0.40 wi/c ratio was in better agreement with
HEC-23 DG-12 target values for the Tap-Test measurement and the wet density than for

0.43 and 0.45 w/c ratio.
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As shown in Figures 12 and 13, the total mass loss of grout materials was less
than 6 percent for grout placement in the wet and it was within the recommendation of
HEC-23 DG-12. As expected, increasing AWA resulted in reducing the mass loss.
However, for the same amount of AWA as recommended in HEC-23 DG-12 (13 to 17
0z/100 Ib of cement), the reduction of mass loss was more noticeable with 0.40 w/c ratios
than 0.43 and 0.45 w/c ratios. In addition, increasing AWA from 17 0z/100 Ib of cement
(equivalent to HEC-23 DG-12 max value of 8 Ib per cubic yard of concrete) to 19 0z/100
of cement (equivalent to 9 Ib per cubic yard of concrete) was not as noticeable for 0.45
w/c ratios as it was for 0.40 and 0.43 water-cement ratio. Further, the workability of the
grout was substantially reduced at low w/c ratio and at an amount of AWA beyond the
max-recommended amount by HEC-23 DG-12. Thus, 0.40 wi/c ratio with 17 0z/100 Ib of
cement seemed to be a better grout design mix than the other tested trial grout mix design
for grout placement in the wet.

Figures 14 through 17 represents the correlation between the Tap-Test without
tapping and the Spread-Test with various w/c ratios and each individual AWA amount
for grout placement in the wet. The correlation coefficient “R” (R® = Coefficient of
Determination) varied between 1 and 0.91. Similarly, Figures 18 through 20 represent the
correlation between the Tap-Test without tapping and the Spread-Test with various
amounts of AWA and each individual w/c for grout placement in the wet. The correlation
coefficient “R varied between 0.93 and 0.96. This indicates that within statistical
variation there is a very close correlation between the Spread-Test and the Tap-Test
without tapping. In addition, the w/c ratio or the amount of AWA has no effect on the

correlation between the two types of tests for grout workability and consistency. Further,
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based on the correlation relation between the two types of test, the Spread-Test
measurements varied between 13.5 to 16.4 inch for grout placement in the wet
(corresponding to HEC-23 DG-12 Tap-Test target values measurements of 11.8 to 13.4
inch without tapping). Figures 21 through 24 represent the correlation between the Tap-
Test after 15 taps and the Spread-Test with various w/c ratios and each individual amount
of AWA for grout placement in the wet. The correlation coefficient “R” varied between
0.84 and 0.99. Similarly, Figure 25 through 27 represents the correlation between the
Tap-Test after 15 taps and the Spread-Test with various amounts of AWA and each
individual wi/c ratios for grout placement in the wet. The correlation coefficient “R” for
w/c ratio 0.40, 0.43, and 0.45 was 0.12, 0.98, and 0.95, respectively. This indicates that
for a given w/c ratio and various amount of AWA the correlation between the Spread-
Test and the Tap-Test after 15 taps are very poor. Further, taping of the Spread-Test is
affected by AWA. Thus, Spread-Test is better suited to measure workability/consistency
of freshly mixed grout than the Tap-Test after 15 taps. Based on the correlation between
the two types of tests, the Spread-Test measurements varied between 12.5 to 14.5 inch for
grout placement in the wet, which corresponds to HEC-23 DG-12 Tap-Test target values
of 13.4 to 15 inch after 15 taps. Thus, the Spread-Test target values of 12.0 to 15.0 inch
should provide reasonable grout workability and consistency for grout placement in the
wet.

The correlation between the Tap-Test without tapping and the Spread-Test with various
wi/c for grout placement in the dry is shown in Figure 28. The correlation coefficient “R”
is 0.98. Similarly, Figure 29 represents the correlation between the Tap-Test after 15 taps

and the Spread-Test with various w/c for grout placement in the dry. The correlation
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coefficient “R was 0.85. This indicates that within statistical variation, there is a very
close correlation between the Spread-Test and the Tap-Test without tapping. However,
the correlation is not as close when the Spread-Test is compared to the Tap-Test after 15
taps. The reason for this is believed to be due to human variability in tapping the table up
and down for 15 times. When lifting the table there is a stopper at 4 cm, the table should
not hit the stopper, but it is very difficult to prevent the hit which affect the spreading of
the grout. In addition, the w/c ratio has no effect on the correlation between the two types
of tests for grout workability and consistency. Further, based on the correlation relation
between the two types of test the Spread-Test values varied between 15.4 to 16.8 inch for
grout placement in the dry, which corresponds to HEC-23 DG-12 Tap-Test target values
measurements of 13.4 to 15 inch without tapping. For the HEC-23 DG-12 Tap-Test target
values of 19.7 to 21.25 inch after 15 taps, the Spread-Test values were between 15.6 to
17.5 inch for grout placement in the dry. Thus, for grout placement in the dry the Spread-
Test target values measurements of 15 to 18 inch should provide reasonable grout

workability and consistency.
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Table 8: Test Results of Trial Batch Mix Design for Grout Placement in the Wet

European Flow Table Test
AWA Wet . ASTM C161-09b CRD; C 661
Avg. Grout Air
Mix W/C.: 02/100 Grogt Compressive Content NO Tap 15 Taps
Ratio| Ibof | Density, Strength, psi| (%) A
cement| Lb/ft3 ' \verage std. Average std. Average std. Mass std.
Diameter, | avg Diameter, | avg. Diameter, | avg. Loss, | avg.
inch dev. Inch dev. Inch dev. % dev.

R.A.1 | 0.40 13 138.25 6580 7.9 11.61 13.78 13.19 51
R.A.2 | 0.40 13 136.5 5663 7.9 12.01 11.81 | 0.20 13.98 13.78 | 0.20 13.78 13.45 | 0.30 51 5.10 | 0.00
R.A.3 | 0.40 13 138.75 6270 7.9 11.81 13.58 13.39 51
R.B.1 | 0.40 15 140.5 6037 6.4 11.42 13.58 12.99 4.04
R.B.2 | 0.40 15 139 6127 6.4 11.61 11.52 | 0.10 13.78 13.61 | 0.15 13.19 13.19 | 0.20 412 | 4.29 | 0.36
R.B.3 | 0.40 15 140 5943 6.4 11.52 13.48 13.39 4.7
R.C.1 | 0.40 17 141.25 6757 8.6 11.02 13.48 13.19 4
R.C.2 | 0.40 17 141 6747 8.6 10.93 11.19 | 0.37 12.29 13.54 | 1.29 12.4 12.93 | 0.46 4 4.00 | 0.00
R.C.3 | 0.40 17 140 6253 8.6 11.61 14.86 13.19 4
RJ.1 | 0.40 19 139.25 6053 9.3 10.83 13.78 12.8 3.03
RJ.2 | 0.40 19 140.5 6187 9.3 10.63 10.76 | 0.12 13.88 13.98 | 0.26 12.21 12.86 | 0.69 3.03 | 3.03| 0.00
R.J.3 | 0.40 19 140.25 6067 9.3 10.83 14.27 13.58 3.03
R.D.1 | 0.43 13 137.25 6020 15 12.11 14.27 13.58 6.2
R.D.2 | 0.43 13 137 5430 15 11.71 11.94 | 0.21 13.98 14.14 | 0.15 14.27 13.88 | 0.36 53 5.90 | 0.52
R.D.3 | 0.43 13 136.25 5250 15 12.01 14.17 13.78 6.2
R.E.1 | 0.43 15 137 5273 15 11.81 13.48 13.39 51
R.E.2 | 0.43 15 134.75 5150 15 11.71 11.78 | 0.06 13.78 13.58 | 0.17 13.58 13.55 | 0.15 53 5.27 | 0.15
R.E.3 | 0.43 15 135.75 5240 15 11.81 13.48 13.68 54
R.F.1 | 043 17 133.25 4520 16 11.42 13.48 13.19 5
R.F.2 | 0.43 17 135.75 5313 16 11.81 11.68 | 0.23 13.39 13.48 | 0.10 13.19 13.32 | 0.23 5.2 5.13 | 0.12
R.F.3 | 043 17 130 4430 16 11.81 13.58 13.58 5.2
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Table 8, Continued

European Flow Table Test

AWA Wet . ASTM C161-09b CRD; C 661
W/C | Oz/100| Grout Avg. Grout Alr NOT 15T
Mix . . Compressive Content ap aps
Ratio| Ibof | Density, S h. Dsi o
cement | Lbsita | Stength, psii (%) aAverage Average Average
. std. . std. . std. | Mass std.
Diameter, | avg. Diameter, | avg. Diameter, | avg. avg.
dev. dev. dev. | Loss, % dev.
Inch Inch Inch
R.K.1 | 043 19 134.75 4963 16.1 11.42 13.39 13.19 4.04
R.K.2 | 0.43 19 137.5 5033 16.1 11.22 11.35 | 0.12 12.8 13.13 | 0.30 12.99 13.12 | 0.12 4.2 4,11 | 0.08
R.K.3 | 043 19 134.25 4847 16.1 11.42 13.19 13.19 4.1
R.G.1 | 0.45 13 134.25 5070 115 12.5 16.14 14.67 5.37
R.G.2 | 0.45 13 133 4623 11.5 12.89 12.66 | 0.20 16.93 16.60 | 0.41 14.96 1496 | 0.30 6.4 6.06 | 0.59
R.G.3 | 0.45 13 1345 4633 11.5 12.6 16.73 15.26 6.4
R.H.1 | 0.45 15 136.5 5347 115 11.81 15.45 14.27 5.32
R.H.2 | 0.45 15 138 5427 11.5 11.81 12.04 | 0.40 15.55 15.65 | 0.26 14.57 14.40 | 0.15 5.32 5.34 | 0.03
R.H.3 | 0.45 15 139.5 5033 115 12.5 15.94 14.37 5.38
R.I.1 0.45 17 136.5 5020 11.5 12.21 15.35 14.17 5.26
R.I1.2 0.45 17 135.75 5110 11.5 11.61 11.91 | 0.30 15.75 15.62 | 0.23 14.17 14.20 | 0.06 5.32 5.30 | 0.03
R.I.3 0.45 17 135 5017 11.5 11.91 15.75 14.27 5.32
R.L.1 | 0.45 19 137.25 5863 11.5 12.21 15.75 14.17 5.43
R.L.2 | 0.45 19 137 5160 11.5 12.5 11.91 | 0.78 15.75 15.55 | 0.34 14.27 14.01 | 0.37 5.2 5.28 | 0.13
R.L.3 | 0.45 19 137.5 5120 11.5 11.02 15.16 13.58 5.2

28




Table 9: Test Results of Trial Batch Mix Design for Grout Placement in the Dry

European Flow Table Test

ASTM C1611-09b

Wet .
: W/C | Grout Avg. Grout Alr NO Tap 15 Taps
Mix . . Compressive | Content
Ratio | Density, St th. psi Y
Lb/ft3 rength, psi | (%) Average otq, | Average stg, | Average td
Diameter, | avg ‘| Diameter, | avg. " | Diameter, | xavg '
dev. dev. dev.
Inch Inch Inch
Dryl1A | 0.40 | 130.75 4323 9.1 14.07 20.47 15.35
Dry1B | 0.40 133.5 4653 9.1 13.78 13.94 | 0.15 20.08 20.34 | 0.23 16.14 15.74 | 0.40
Dryl1C | 0.40 | 134.25 4727 9.1 13.98 20.47 15.74
Dry2A | 0.43 1315 4483 11 16.14 20.87 18.11
Dry2B | 0.43 134 4793 11 16.34 16.08 | 0.30 21.06 | 21.00 | 0.11 18.31 | 18.18 | 0.12
Dry2C | 043 133 5113 11 15.75 21.06 18.11
Dry3A | 045 135 4817 13 17.72 22.05 18.9
Dry3B | 0.45 135.5 4747 13 17.72 17.65 | 0.12 22.83 | 22.57 | 0.45 18.9 | 18.90 | 0.00
Dry3C | 0.45 137 4740 13 17.52 22.83 18.9
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Figure 3: Effect of w/c Ratio on Tap-Test without Tapping for Grout Placement in the Wet.
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Figure 4: Effect of w/c Ratio on Spread-Test for Grout Placement in the Wet.
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Figure 5: Effect of w/c Ratio on Tap-Test after 15 Taps for Grout Placement in the Wet.
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Figure 6: Effect of AWA on Tap-Test without Tapping for Grout Placement in the Wet
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Figure 8: Effect of AWA on Tap-Test after 15 Taps for Grout Placement in the Wet
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Figure 9: Effect of w/c Ratio on Tap-Test without Tapping for Grout Placement in the Dry
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Figure 11: Effect of w/c Ratio on Tap-Test after 15 Taps for Grout Placement in the Dry
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CHAPTER 5
CONCLUSION AND RECOMMENDATION
5.1 Conclusion

Based on the experimental test results, all of the trial batch mix designs for grout
placement in the dry or in the wet were within HEC-23 DG-12 basic grout mix and the
target values for grout workability and consistency. Any of the trial batch design grout
presented in this research is adequate to be used in the scour countermeasure of PGR “in
the wet” and “in the dry” at any selected scour critical bridge.

An increase in the w/c ratio increased the workability, consistency, and the loss of
mass by weight of the grout. However, increasing the dose of AWA within the
manufacturer requirements resulted in reducing workability and loss of mass by weight.
The target value of a maximum permissible mass loss of grout materials of 6 percent is
achievable within the manufacturer requirements and low w/c ratio.

Within the statistical variation there is a strong correlation between “Spread-Test”
and the “Tap-Test” without tapping. The correlation coefficient “R” for grout placement
in the wet or in the dry varied between 1.0 and 0.91. On the other hand, due to human
variability in tapping the table up and down for 15 times the correlation between the Tap-
Test after 15 taps and the “Spread-Test” was not as strong. Thus, the “Spread-Test” is a
better test to measure workability/consistency of freshly mixed grout. Further, due to the
fact that Tap-Test is not commonly available for purchase in the Unites States and the
“Spread-Test” is a standard used in the concrete industry, the “Spread-Test” is well suited

for the United States.
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5.2 Recommendation

As a result of this experimental research program, it is recommended that the
basic grout mix for one cubic yard of grout to be used in PGR in the wet or in the dry
follows the description provided below in Table 10.

Table 10: Recommended Basic Grout Mix for One Cubic Yard

Quantity by weight for one

Material cubic yard of grout, pounds
Portland cement, Type | or Type Il 740 to 760
Fine Aggregate, dry 1,180 to 1,200
Ya" crusher chips (coarse aggregate), dry 1,180 to 1,200
Water-Cement Ratio (w/c) 0.401t0 0.45

Manufacturer

Air entrained Admixture .
Recommendation

Manufacturer

Water-Reducing Admixture Recommendation

Anti-washout Admixture (AWA) (used Manufacturer
only for placement underwater) Recommendation

Conversion factors: 1 Ib = 0.454 Kg

e The targeted grout mix should result in a wet grout density ranging from 120
to 140 Ib/ft® (1922 to 2243 kg/m®). Wet densities outside this range should be
rejected and the mix re-evaluated for material properties of the individual
constituents.

e The targeted grout mix should result in a minimum air content of 6% in the
plastic state.

e For construction in the wet and using US Army of Engineers Standards CRD-

C 61 — 89A “Test Method for Determining the Resistance of Freshly Mixed
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Concrete to Washing Out in Water”, the grout mix should result a maximum
permissible mass loss of grout materials of 6 percent.

ASTM C 1611 “Standard Test Method for Slump of Self-Consolidating
Concrete” (“Spread-Test”) should be used to evaluate grout quality and
consistency. The target values for the Spread-Test measurements are
presented Table 11.

Table 11: Target Values for the Spread-Test Measurements

For placement “in the dry” 15.0to 18.0 inch

For placement “in the wet” 12.0 to 15.0 inch

Conversion factors: 1 inch = 2.54 cm
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FINE AGGREGATES

Trial 1 Fine Aggregate

Sieve Size Opening [in] Percent Finer [%] Cum. % Ret.

Fineness Modulus

0.0

2.1

4.6

18.0

46.9

70.8

94.2

99.8

100.0

2.4

Trial 2 Fine Aggregate

Sieve Size Opening [in] Percent Finer [%] | Cum. % Ret.

Fineness Modulus

0.23

2.53

5.34

18.70

48.63

71.89

94.85

99.73

100.00

24

Trial 3 Fine Aggregate

Sieve Size Opening [in] Percent Finer [%] Cum. % Ret.

Fineness Modulus

0.00

2.95

6.07

20.84

51.98

71.76

95.30

99.80

100.00

2.5
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Avg. Fine Aggregate

SIEVE SIZE OPENING [in] AVE % FINER
[3/8] 99.9
4 97.5
8 94.7
16 80.8
30 50.8
50 285
100 5.2
200 0.2
PAN 0.0
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COARSE AGGREGATES

Trail 1 Coarse Aggregate

Sieve Opening Psirggrt Cum. % | Fineness
[in] [%] Ret. Modulus
3.6
Trail 2 Coarse Aggregate
Sieve Opening Psirggrt Cum. % | Fineness
Size [in] [%] Ret. Modulus
3.7
Trail 3 Coarse Aggregate
Sieve Opening Plczeirsglt Cum. % | Fineness
Size [in] [%] Ret. Modulus
3.7
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Trail 3 Coarse Aggregate

. Percent
Opening Finer

SN I 3

Cum. % Fineness
Ret. Modulus

3.7

Trail 5 Coarse Aggregate

. Percent
Opening Finer

R N 5

Cum. % Fineness
Ret. Modulus

3.9

Avg. Coarse Aggregate

Percent Finer

Sieve Size Opening [in] [%]
[1/2] 100.0
[3/8] 95.6

4 22.2
8 3.0
16 1.1
100 0.6
PAN 0.0
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The Chemical Company

. 033000

Cast-in-Place Concrete
03 40 00 Precast Concrete
03 70 00 Mass Concrete

MasterAir® AE 90

Air-Entraining Admixture

Formerly MB-AE 90*

Description

MasterAir AE 90 air-
entraining admixture is for
use in concrete mixtures. It
meets the requirements of
ASTM C 260, AASHTO M
154 and CRD-C 13.

Applications
Recommended for use in:

B Concrete exposed
to cyclic freezing
and thawing

B Production of high-quality
normal or lightweight
concrete (heavyweight
concrete normally does
not contain entrained air)

Features
B Ready-to-use in the proper concentration for rapid, accurate dispensing

Benefits

B Improved resistance to damage from cyclic freezing and thawing
B Improved resistance to scaling from deicing salts

B Improved plasticity and workability

B Reduced permeability — increased watertightness

B Reduced segregation and bleeding

Performance Characteristics

Concrete durability research has established that the best protection for concrete from the
adverse effects of freezing and thawing cycles and deicing salts results from: proper air
content in the hardened concrete, a suitable air-void system in terms of bubble size and
spacing, and adequate concrete strength, assuming the use of sound aggregates and proper
mixing, transporting, placing, consolidation, finishing and curing techniques. MasterAir AE 90
admixture can be used to obtain adequate freeze-thaw durability in a properly proportioned
concrete mixture, if standard industry practices are followed.

Air Content Determination: The total air content of normal weight concrete should be
measured in strict accordance with ASTM C 231, “Standard Test Method for Air Content
of Freshly Mixed Concrete by the Pressure Method” or ASTM C 173/C 173M, “Standard
Test Method for Air Content of Freshly Mixed Concrete by the Volumetric Method.” The air
content of lightweight concrete should only be determined using the Volumetric Method.
The air content should be verified by calculating the gravimetric air content in accordance
with ASTM C 138/C 138M, “Standard Test Method for Density (Unit Weight), Yield, and Air
Content (Gravimetric) of Concrete.” If the total air content, as measured by the Pressure
Method or Volumetric Method and as verified by the Gravimetric Method, deviates by more
than 1.5%, the cause should be determined and corrected through equipment calibration or
by whatever process is deemed necessary.

MASTER®
»BUILDERS

SOLUTIONS



MasterAir AE 90

Technical Data Sheet

Guidelines for Use

Dosage: There is no standard dosage for MasterAir AE 90
admixture. The exact quantity of air-entraining admixture needed
for a given air content of concrete varies because of differences
in concrete-making materials and ambient conditions. Typical
factors that might influence the amount of air entrained include:
temperature, cementitious materials, sand gradation, sand-
aggregate ratio, mixture proportions, slump, means of conveying
and placement, consolidation and finishing technique. The
amount of MasterAir AE 90 admixture used will depend upon
the amount of entrained air required under actual job conditions.
In a trial mixture, use 0.25 to 4 fl oz/cwt (16-260 mL/100 Kkg)
of cementitious material. Measure the air content of the trial
mixture, and, if needed, either increase or decrease the quantity
of MasterAir AE 90 admixture to obtain the desired air content.

In mixtures containing water-reducing or set-control admixtures,
the amount of MasterAir AE 90 admixture needed may be
somewhat less than the amount required in plain concrete.

Due to possible changes in the factors that can affect the
dosage of MasterAir AE 90 admixture, frequent air content
checks should be made during the course of the work.
Adjustments to the dosage should be based on the amount of
entrained air required in the mixture at the point of placement.

If an unusually high or low dosage of MasterAir AE 90 admixture
is required to obtain the desired air content, consult your local
sales representative. In such cases, it may be necessary to
determine that, in addition to a proper air content in the fresh
concrete, a suitable air-void system is achieved in the hardened
concrete.

Dispensing and Mixing: Add MasterAir AE 90 admixture to the
concrete mixture using a dispenser designed for air-entraining
admixtures, or add manually using a suitable measuring device
that ensures accuracy within plus or minus 3% of the required
amount.

For optimum, consistent performance, the air-entraining admixture
should be dispensed on damp, fine aggregate. If the concrete
mixture contains fine lightweight aggregate, field evaluations
should be conducted to determine the best method to dispense
the air-entraining admixture.

Precaution

In a 2005 publication from the Portland Cement Association
(PCA R&D Serial No. 2789), it was reported that problematic
air-void clustering that can potentially lead to above normal
decreases in strength was found to coincide with late additions of
water 1o air-entrained concretes. Late additions of water include
the conventional practice of holding back water during batching
for addition at the jobsite. Therefore, caution should be exercised
with delayed additions of water to air-entrained concrete.
Furthermore, an air content check should be performed after
post-batching addition of any other materials to an air-entrained
concrete mixture.

Product Notes

Corrosivity — Non-Chloride, Non-Corrosive: MasterAir AE 90
admixture will neither initiate nor promote corrosion of
reinforcing and prestressing steel embedded in concrete, or
of galvanized floor and roof systems. No calcium chloride or
other chloride-based ingredients are used in the manufacture
of this admixture.

Compatibility: MasterAir AE 90 admixture may be used in
combination with any BASF admixture, unless stated otherwise
on the data sheet for the other product. When used in conjunction
with other admixtures, each admixture must be dispensed
separately into the concrete mixture.

Storage and Handling

Storage Temperature: MasterAir AE 90 admixture should be stored
and dispensed at 31 °F (-0.5 °C) or higher. Although freezing does
notharmthis product, precautions should betaken to protectitfrom
freezing. If MasterAir AE 90 admixture freezes, thaw at 35 °F (2 °C)
orabove and completely reconstitute by mild mechanical agitation.
Do not use pressurized air for agitation.

Shelf Life: MasterAir AE 90 admixture has a minimum shelf
life of 18 months. Depending on storage conditions, the shelf
life may be greater than stated. Please contact your local
sales representative regarding suitability for use and dosage
recommendations if the shelf life of MasterAir AE 90 admixture
has been exceeded.

Safety: Chemical goggles and gloves are recommended when
transferring or handling this material.

BASF Corporation
Admixture Systems
www.master-builders-solutions.basf.us
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MasterAir AE 90

Technical Data Sheet

Packaging

MasterAir AE 90 admixture is supplied in 55 gal (208 L) drums,
275 gal (1040 L) totes and by bulk delivery.

Related Documents
Safety Data Sheets: MasterAir AE 90 admixture

Additional Information

For additional information on MasterAir AE 90 admixture, or its
use in developing a concrete mixture with special peformance
characteristics, contact your local sales representative.

The Admixture Systems business of BASF’s Construction
Chemicals division is the leading provider of solutions that
improve placement, pumping, finishing, appearance and
performance characteristics of specialty concrete used in
the ready-mixed, precast, manufactured concrete products,
underground construction and paving markets. For over
100 years we have offered reliable products and innovative
technologies, and through the Master Builders Solutions
brand, we are connected globally with experts from many
fields to provide sustainable solutions for the construction
industry.

* MB-AE 90 became MasterAir AE 90 under the Master Builders Solutions brand, effective January 1, 2014,

© BASF Corporation 2014 m 01/14 m PRE-DAT-0013

Limited Warranty Notice

BASF warrants this product to be free from manufacturing
defects and to meet the technical properties on the current
Technical Data Guide, if used as directed within shelf life.
Satisfactory results depend not only on quality products but
also upon many factors beyond our control. BASF MAKES
NO OTHER WARRANTY OR GUARANTEE, EXPRESS OR
IMPLIED, INCLUDING WARRANTIES OF MERCHANTABILITY
OR FITNESS FOR A PARTICULAR PURPOSE WITH RESPECT
TO ITS PRODUCTS. The sole and exclusive remedy of
Purchaser for any claim concerning this product, including but
not limited to, claims alleging breach of warranty, negligence,
strict liability or otherwise, is shipment to purchaser of product
equal to the amount of product that fails to meet this warranty
or refund of the original purchase price of product that
fails to meet this warranty, at the sole option of BASF. Any
claims concerning this product must be received in writing
within one (1) year from the date of shipment and any claims
not presented within that period are waived by Purchaser.
BASF WILL NOT BE RESPONSIBLE FOR ANY SPECIAL,
INCIDENTAL, CONSEQUENTIAL (INCLUDING LOST PROFITS)
OR PUNITIVE DAMAGES OF ANY KIND.

Purchaser must determine the suitability of the products for the
intended use and assumes all risks and liabilities in connection
therewith. This information and all further technical advice are
based on BASF’s present knowledge and experience. However,
BASF assumes no liability for providing such information and
advice including the extent to which such information and
advice may relate to existing third party intellectual property
rights, especially patent rights, nor shall any legal relationship
be created by or arise from the provision of such information
and advice. BASF reserves the right to make any changes
according to technological progress or further developments.
The Purchaser of the Product(s) must test the product(s) for
suitability for the intended application and purpose before
proceeding with a full application of the product(s). Performance
of the product described herein should be verified by testing
and carried out by qualified experts.

Certified to
NSF/ANSI 61

United States
23700 Chagrin Boulevard
Cleveland, Ohio 44122-5544

BASF Corporation
Admixture Systems
www.master-builders-solutions.basf.us

Tel: 800 628-9990 ® Fax: 216 839-8821

Canada

1800 Clark Boulevard

Brampton, Ontario L6T 4M7

Tel: 800 387-5862 M Fax: 905 792-0651
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Cast-in-Place Concrete

Underwater Placed Concrete

MasterMatrix® UW 450

Anti-Washout Admixture

Formerly Rheomac UW 450*

Description

MasterMatrix UW 450
anti-washout admixture

is a patented, ready-to-
use, liquid cellulose-based
admixture that is specially
developed for underwater
concrete applications.
Concrete containing
MasterMatrix UW 450
admixture exhibits superior
resistance to washout of
cement and fines, while
impeding the blending of
external water into the
plastic concrete.

MasterMatrix UW 450
admixture meets the
requirements of the U.S.
Army Corps of Engineers
CRD-C661-06, Specification
for Anti-Washout
Admixtures for Concrete.

Applications
Recommended for use in:

B All types of underwater
concreting where
conventional concrete
or placing techniques
would result in a high
percentage of material
loss due to washout

B Mortar and grouting
applications where
mixtures are typically
more fluid and have
a higher potential for
washout

Features
B Reduction in washout of cement and fines

B Reduction in segregation, even with highly fluid, high water-to-cementitious materials
ratio concrete mixtures

B Thixotropic action that provides concrete stiffening after placement
B Reduction or elimination of concrete bleeding

Benefits

B Superior and predictable in-place concrete properties

B Dewatering costs reduced/eliminated

B Environmental impact of cement washout in water minimized
B Flexibility in batching procedures

Performance Characteristics

Washout Resistance: VWashout is determined by Army Corps of Engineers CRD-C 61, “Test
Method for Determining the Resistance of Freshly Mixed Concrete to Washing Out in Water”.
Test results show that the addition of MasterMatrix UW 450 anti-washout admixture to
concrete significantly reduces the washout of cement and fines, compared to untreated
concrete.

MasterMatrix UW 450 Admixture

Concrete Mixture Data Dosage Response
(Non-Air-Entrained Concrete) 1;
Cement Content 650 Ib/yd® (386 kg/m?) & 10
Water-Cement Ratio  0.49 [ 2
Slump 4£05in.(100+10mm) £ 4

2
Slump: Concrete that is designed for 0
underwater placement applications is typically Untreated 10(650) 16 (975) 20(1300)

batched at an 8-10 in. (200-250 mm) slump. Dosage, fl oz (mL/100 kg)

After MasterMatrix U¥W 450 admixture is added, a decrease in slump will be noted. It may
be necessary to add additional high-range water-reducing admixture to achieve the slump
required for placement. Slump evaluations for a 60-minute period show that MasterMatrix
UW 450 admixture does not adversely affect concrete slump retention.

MASTER®
»BUILDERS

SOLUTIONS



MasterMatrix UW 450

Technical Data Sheet

Air Content: A slightly higher dosage of air-entraining admixture
may be required to achieve the desired air content when using
MasterMatrix UW 450 admixture.

Setting Time: MasterMatrix UW 450 admixture has little to no
effect on concrete setting time at commonly used dosages
of 4-12 fl oz/cwt (260-780 mL/100 kg). Slight retardation of
setting time may be experienced at dosages over 12 fl oz/cwt
(780 mL/100 kg).

Compressive Strength: Using test specimens that are cast in
air, concrete containing MasterMatrix UW 450 admixture may
obtain slightly lower compressive strength when compared to
untreated concrete. However, when strength is evaluated using
test specimens that are cast underwater, concrete containing
MasterMatrix UW 450 admixture achieves higher strength
because washout is minimized. In addition, most underwater
concrete mixtures that are proportioned in accordance with
ACI 304R, “Guide for Measuring, Mixing, Transporting, and
Placing Concrete”, exceed compressive strengths that are
required for underwater applications. If necessary, a lower
water-to-cementitious materials ratio may be used to achieve
the desired results.

Guidelines for Use

Dosage: MasterMatrix UW 450 admixture is recommended for
use at a dosage range of 4-20 fl oz/cwt (260-1300 mL/100 k)
of cementitious materials for most concrete mixtures. Because
of variations in concrete materials, jobsite conditions and/or
applications, dosages outside of the recommended range
may be required.

Mixing: For underwater concrete placements, ACI 304R,
Chapter 8, “Concrete Placed Underwater” provides certain
basic mixture proportions such as:

B A minimum total cementitious material content of
600 Ib/yd?® (356 kg/m?)

B Use of pozzolans approximately 15% by mass of
cementitious materials

B A maximum water-to-cementitious materials ratio of 0.45

B Fine aggregate contents of 45-55% by volume of
total aggregate

B Air contents of up to 5% are listed as desirable

B A slump of 6-9 in. (150-230 mm) is generally necessary
and occasionally a slightly higher slump range is needed

MasterMatrix UW 450 admixture should be added with a
water-reducing admixture, such as BASF MasterPolyheed®
or MasterSet® admixture lines. For achieving high slump
concrete, use MasterMatrix UW 450 admixture in conjunction
with a MasterGlenium® high-range water-reducing admixture.
This combination will produce a high-performance, flowing
concrete that exhibits supetrior resistance to washout of
cement and fines. MasterMatrix UW 450 admixture should
be added after all other concreting ingredients have been
batched and thoroughly mixed, either at the batch plant or at
the jobsite.

Concrete Placement: Concrete containing MasterMatrix UW
450 admixture is easily pumped throughout the typical
slump ranges that are used for underwater concreting. It is
recommended that concrete containing MasterMatrix UW 450
admixture is placed by pump or tremie. Concrete placement
should be continuous and without interruption. Keep the
discharge point of the placement device immersed in the fresh
concrete during placement.

It is not recommended that concrete containing MasterMatrix
UW 450 admixture be allowed to free-fall through water during
placement.

Product Notes

Compatibility: Do not use MasterMatrix UW 450 admixture with
naphthalene-based high-range water-reducing admixtures. Erratic
behaviors in slump, pumpability and washout may be experienced.

Storage and Handling

Storage Temperature: MasterMatrix UW 450 admixture
must be stored at temperatures above 44 °F (7 °C) to
avoid dispensing difficulties due to thickening. Do not allow
MasterMatrix UW 450 admixture to freeze since it cannot be
reconstituted after thawing.

Shelf Life: MasterMatrix UW 450 admixture has a minimum
shelf life of 12 months. Depending on storage conditions, the
shelf life may be greater than stated. Please contact your local
sales representative regarding suitability for use and dosage
recommendations if the shelf life of MasterMatrix UW 450
admixture has been exceeded.

Handling: Contact with water in hoses, pumps, tanks orreceiving
vessels must be avoided to prevent gelling when transferring
MasterMatrix UW 450 admixture to other containers.

Dispensing: Consult your local sales representative for the
proper dispensing equipment for MasterMatrix UW 450
admixture. If dispensing directly from the 55 gal (208 L) drum,
it is recommended that the larger 2 in. (50 mm) opening
be used.

BASF Corporation

Admixture Sy

www.master-builders-solutions.basf.us
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MasterGlenium® 7500

Full-Range Water-Reducing Admixture

Formerly GLENIUM 7500*

Description

MasterGlenium 7500 full-
range water-reducing
admixture is very effective

in producing concrete
mixtures with different levels
of workability including
applications that require
self-consolidating concrete
(SCC). MasterGlenium 7500
admixture meets ASTM C
494/C 494M compliance
requirements for Type A,
water-reducing, and Type F,
high-range water-reducing,
admixtures.

Applications
Recommended for use in:

B Concrete with varying
water reduction
requirements (5-40%)

B Concrete where control
of workability and setting
time is critical

B Concrete where high
flowability, increased
stability, high-early and
ultimate strengths, and
improved durability are
needed

B Producing self-
consolidating concrete
(SCC)

B Strength-on-demand
concrete, such as 4x4™
Concrete

B Pervious concrete

Features

MasterGlenium 7500 full-range water-reducing admixture is based on the next generation
of polycarboxylate technology found in all of the MasterGlenium 7000 series products. This
technology combines state-of-the-art molecular engineering with a precise understanding
of regional cements to provide specific and exceptional value to all phases of the concrete
construction process.

B Dosage flexibility for normal, mid-range and high-range applications
B Excellent early strength development

B Controls setting characteristics

B Optimizes slump retention/setting relationship

B Consistent air entrainment

Benefits

B Faster turnover of forms due to accelerated early strength development
B Reduces finishing labor costs due to optimized set times

B Use in fast track construction

B Minimizes the need for slump adjustments at the jobsite

B | ess jobsite QC support required

B Fewer rejected loads

B Optimizes concrete mixture costs

Performance Characteristics

Concrete produced with MasterGlenium 7500 admixture achieves significantly higher early
age strength than first generation polycarboxylate high-range water-reducing admixtures.
MasterGlenium 7500 admixture also strikes the perfect balance between workability
retention and setting characteristics in order to provide efficiency in placing and finishing
concrete. The dosage flexibility of MasterGlenium 7500 allows it to be used as a normal,
mid-range, and high-range water reducer.

MASTER®
»BUILDERS
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MasterGlenium 7500

Technical Data Sheet

Guidelines for Use

Dosage: MasterGlenium 7500 admixture has a recommended
dosage range of 2-15 fl oz/ewt (130-975 mlL/100 kg) of
cementitious materials. For most mid- to high-rangeapplications,
dosages in the range of 5-8 fl oz/cwt (325-520 mL/100 kg)
will provide excellent performance. For high performance and
producing self-consolidating concrete mixtures, dosages of
up to 12 fl oz/cwt (780 mL/100 kg) of cementitious materials
can be utiized. Because of variations in concrete materials,
jobsite conditions and/or applications, dosages outside of the
recommended range may be required. In such cases, contact
your local sales representative.

Mixing: MasterGlenium 7500 admixture can be added with the
initial batch water or as a delayed addition. However, optimum
water reduction is generally obtained with a delayed addition.

Product Notes

Corrosivity — Non-Chloride, Non-Corrosive: MasterGlenium
7500 admixture will neither initiate nor promote corrosion of
reinforcing steel embedded in concrete, prestressing steel or
of galvanized steel floor and roof systems. Neither calcium
chloride nor other chloride-based ingredients are used in the
manufacture of MasterGlenium 7500 admixture.

Compatibility: MasterGlenium 7500 admixture is compatible
with most admixtures used in the production of quality
concrete, including normal, mid-range and high-range water-
reducing admixtures, air-entrainers, accelerators, retarders,
extended set control admixtures, corrosion inhibitors, and
shrinkage reducers.

Do not use MasterGlenium 7500 admixture with admixtures
containing beta-naphthalene sulfonate. Erratic behaviors in slump,
workability retention and pumpability may be experienced.

Storage and Handling

Storage Temperature: MasterGlenium 7500 admixture must be
stored at temperatures above 40 °F (5 °C). If MasterGlenium
7500 admixture freezes, thaw and reconstitute by mechanical
agitation.

Shelf Life: MasterGlenium 7500 admixture has a minimum
shelf life of 9 months. Depending on storage conditions, the
shelf life may be greater than stated. Please contact your local
sales representative regarding suitability for use and dosage
recommendations if the shelf life of MasterGlenium 7500
admixture has been exceeded.

Packaging

MasterGlenium 7500 admixture is supplied in 55 gal (208 L)
drums, 275 gal (1040 L) totes and by bulk delivery.

Related Documents
Safety Data Sheets: MasterGlenium 7500 admixture

Additional Information

Foradditionalinformation on MasterGlenium 7500 admixture oron
its use in developing concrete mixtures with special performance
characteristics, contact your local sales representative.,

The Admixture Systems business of BASF’s Construction
Chemicals division is the leading provider of solutions that
improve placement, pumping, finishing, appearance and
performance characteristics of specialty concrete used in
the ready-mixed, precast, manufactured concrete products,
underground construction and paving markets. For over
100 years we have offered reliable products and innovative
technologies, and through the Master Builders Solutions
brand, we are connected globally with experts from many
fields to provide sustainable solutions for the construction
industry.

BASF Corporation

Admixture Sy

www.master-builders-solutions.basf.us
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MasterGlenium 7500

Technical Data Sheet

Limited Warranty Notice

BASF warrants this product to be free from manufacturing
defects and to meet the technical properties on the current
Technical Data Guide, if used as directed within shelf life.
Satisfactory results depend not only on quality products but
also upon many factors beyond our control. BASF MAKES
NO OTHER WARRANTY OR GUARANTEE, EXPRESS OR
IMPLIED, INCLUDING WARRANTIES OF MERCHANTABILITY
OR FITNESS FOR A PARTICULAR PURPOSE WITH RESPECT
TO ITS PRODUCTS. The sole and exclusive remedy of
Purchaser for any claim concerning this product, including but
not limited to, claims alleging breach of warranty, negligence,
strict liability or otherwise, is shipment to purchaser of product
equal to the amount of product that fails to meet this warranty
or refund of the original purchase price of product that
fails to meet this warranty, at the sole option of BASF. Any
claims concerning this product must be received in writing
within one (1) year from the date of shipment and any claims
not presented within that period are waived by Purchaser.
BASF WILL NOT BE RESPONSIBLE FOR ANY SPECIAL,
INCIDENTAL, CONSEQUENTIAL (INCLUDING LOST PROFITS)
OR PUNITIVE DAMAGES OF ANY KIND.

Purchaser must determine the suitability of the products for the
intended use and assumes all risks and liabilities in connection
therewith. This information and all further technical advice are
based on BASF’s present knowledge and experience. However,
BASF assumes no liability for providing such information and
advice including the extent to which such information and
advice may relate to existing third party intellectual property
rights, especially patent rights, nor shall any legal relationship
be created by or arise from the provision of such information
and advice. BASF reserves the right to make any changes
according to technological progress or further developments.
The Purchaser of the Product(s) must test the product(s) for
suitability for the intended application and purpose before
proceeding with a full application of the product(s). Performance
of the product described herein should be verified by testing
and carried out by qualified experts.

* GLENIUM 7500 became MasterGlenium 7500 under the Master Builders Solutions brand, effective January 1, 2014.

© BASF Corporation 2014 ® 01/14 m RMX-DAT-0231
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BASF Corporatlon 23700 Chagrin Boulevard
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