
 

 

GROUT DESIGN FOR PARTIALLY GROUTED RIPRAP  

 

 

 

 

 

 

A Thesis 

Submitted to 

the Temple University Graduate Board 
 

 

 

 

In Partial Fulfillment 

of the Requirements for the Degree 

MASTERS OF SCIENCE IN CIVIL ENGINEERING 

 

 

 

 

 

by 

Basel Yandem 

Diploma Date: MAY 2015 

 

 

 

 

 

Thesis Approvals: 

 

Thesis Advisor: Dr. Bechara Abboud, P.E., Civil & Environmental Engineering 

Committee Member: Dr. Joseph Coe, Civil & Environmental Engineering 

Committee Member: Mr. William Horne, P.E. CHA Companies 

 

  



i 

 

DISCLAIMER 

The contents of this experimental research report reflect the views of the author(s) who is 

(are) responsible for the facts and the accuracy of the data presented herein.  The contents 

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 

report.  
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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 
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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, 
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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 
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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. 
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Chapter 3 reviews the experimental research program. 

Chapter 4 provides test results and discussion of the results. 

Chapter 5 summarizes conclusions and recommendations. 
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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. 
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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 

¼" 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) 
6 to 8 

Conversion factors: 1 lb = 0.454 Kg 

The targeted grout mix should result in a wet grout density ranging from 120 to 

140 lb/ft
3
 (1922 to 2243 kg/m

3
). 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.  
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Table 2: Tap-Test Target Values Measurement 

For placement “in the dry” 
13.4 to 15 inch without tapping 

19.7 to 21.25 inch after 15 taps 

For placement “in the wet” 
11.8 to 13.4 inch without tapping 

13.4 to 15 inch after 15 taps 

Conversion factors: 1 inch = 2.54 cm  

 

 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 



8 

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 
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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 lb of cement (1.17 l, 1.40 l, and 1.76 l 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). 
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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 

¼" crusher chips (coarse aggregate), dry 1,190 

Water-Cement Ratio (w/c) 0.40 to 0.45 

Air entrained 1.25 to 6.0 oz/100 lb of cement 

Anti-washout Admixture (AWA) (used only for 

placement underwater) 

13.0 to 19.0 oz/100 lb of 

cement 

Conversion factors: 1 lb = 0.454 Kg,1 us fl oz = 0.03 l  

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 oz/100 lb of cement. Note, 13, 15, and 17 oz/100 

lb of AWA correspond to HEC-23 DG-12 recommendation of 6, 7, 8 lb per cubic yard of 

grout of AWA, respectively. In addition, a w/c ratio of 0.45 is the maximum 
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recommended by the manufacturer of the AWA MasterMatrix UW 450 (formerly 

Rheomac UW 450) used in this study. While 19 oz/100 lb of cement of AWA 

(corresponding to HEC-23 DG-12 target basic grout mix of 9 lb 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: 

 European 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 (4.4lb) 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). 
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Photo 2: European Flow Table Test “Tap-Test” 

 

Photo 3: ASTM C 1611 “Standard Test Method for Slump of Self-Consolidating 

Concrete” “Spread-Test” 



14 

 

 

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 

Mix 
w/c 

Ratio 

AWA, 

oz/100 lb 

of cement 

Cement, 

lb 

Fine 

Aggregate, 

lb 

Coarse 

Aggregate, 

lb 

Air Entrainment 

Admixture, oz/ 

100 lb of cement 

Water 

Reducer 

Admixture, 

oz/100 lb 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 0.43 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 

R.E.1 0.43 15 25 40 40 3.5 3 

R.E.2 0.43 15 25 40 40 3.5 3 

R.E.3 0.43 15 25 40 40 3.5 3 

R.F.1 0.43 17 25 40 40 3.5 3 

R.F.2 0.43 17 25 40 40 3.5 3 

R.F.3 0.43 17 25 40 40 3.5 3 

R.K.1 0.43 19 25 40 40 3.5 3 

R.K.2 0.43 19 25 40 40 3.5 3 

R.K.3 0.43 19 25 40 40 3.5 3 

R.G.1 0.45 13 25 40 40 1.5 1 

R.G.2 0.45 13 25 40 40 1.5 1 

R.G.3 0.45 13 25 40 40 1.5 1 

R.H.1 0.45 15 25 40 40 1.5 1 

R.H.2 0.45 15 25 40 40 1.5 1 

R.H.3 0.45 15 25 40 40 1.5 1 

R.I.1 0.45 17 25 40 40 1.5 1 

R.I.2 0.45 17 25 40 40 1.5 1 

R.I.3 0.45 17 25 40 40 1.5 1 

R.L.1 0.45 19 25 40 40 1.5 1 

R.L.2 0.45 19 25 40 40 1.5 1 

R.L.3 0.45 19 25 40 40 1.5 1 
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Table 5: Trial Batch Mix Design For Grout Placement In The Dry 

Mix 
W/C 

Ratio 

Cement, 

lb 

Fine 

Aggregate, 

lb 

Coarse 

Aggregate, 

lb 

Air 

Entrainment 

Admixture, 

oz/ 100 lb of 

cement 

Water 

Reducer 

Admixture, 

oz/100 lb of 

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 

Dry 2B 0.43 25 40 40 1.25 0.5 

Dry 2C 0.43 25 40 40 1.25 0.5 

Dry 3A 0.45 25 40 40 1.25 0.5 

Dry 3B 0.45 25 40 40 1.25 0.5 

Dry 3C 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: 

 Cement – Type II Portland cement that meets PennDot Requirment section 

704(25)  

 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 

SIEVE SIZE OPENING [in] 
Avg. Percent 

Finer [%] 
PennDot Min. 

Percent Finer [%] 
PennDot Max. 

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 

 

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

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

SIEVE SIZE OPENING [in] 
Avg. Percent 

Finer [%] 
PennDot Min. 

Percent Finer [%] 
PennDot Max. 

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 

w/c resulted in an increase of grout workability. Similar to w/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 w/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 w/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 

oz/100 lb 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 oz/100 lb of cement 

(equivalent to HEC-23 DG-12 max value of 8 lb per cubic yard of concrete) to 19 oz/100 

of cement (equivalent to 9 lb 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 w/c ratio with 17 oz/100 lb 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
2
 = 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 w/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 

w/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 

Mix 
W/C 
Ratio 

AWA 
Oz/100 

lb of 
cement 

Wet 
Grout 

Density, 
Lb/ft3 

Avg. Grout 
Compressive 
Strength, psi 

Air 
Content 

(%) 

European Flow Table Test 

ASTM C1611-09b CRD ς C 661 

NO Tap 15 Taps 

Average 
Diameter, 

Inch 
avg 

std. 
dev. 

Average 
Diameter, 

Inch 
avg.  

std. 
dev. 

Average 
Diameter, 

Inch 
avg.  

std. 
dev. 

Mass 
Loss, 

% 
avg.  

std. 
dev. 

R.A.1 0.40 13 138.25 6580 7.9 11.61 

11.81 0.20 

13.78 

13.78 0.20 

13.19 

13.45 0.30 

5.1 

5.10 0.00 R.A.2 0.40 13 136.5 5663 7.9 12.01 13.98 13.78 5.1 

R.A.3 0.40 13 138.75 6270 7.9 11.81 13.58 13.39 5.1 

R.B.1 0.40 15 140.5 6037 6.4 11.42 

11.52 0.10 

13.58 

13.61 0.15 

12.99 

13.19 0.20 

4.04 

4.29 0.36 R.B.2 0.40 15 139 6127 6.4 11.61 13.78 13.19 4.12 

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 

11.19 0.37 

13.48 

13.54 1.29 

13.19 

12.93 0.46 

4 

4.00 0.00 R.C.2 0.40 17 141 6747 8.6 10.93 12.29 12.4 4 

R.C.3 0.40 17 140 6253 8.6 11.61 14.86 13.19 4 

R.J.1 0.40 19 139.25 6053 9.3 10.83 

10.76 0.12 

13.78 

13.98 0.26 

12.8 

12.86 0.69 

3.03 

3.03 0.00 R.J.2 0.40 19 140.5 6187 9.3 10.63 13.88 12.21 3.03 

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 

11.94 0.21 

14.27 

14.14 0.15 

13.58 

13.88 0.36 

6.2 

5.90 0.52 R.D.2 0.43 13 137 5430 15 11.71 13.98 14.27 5.3 

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 

11.78 0.06 

13.48 

13.58 0.17 

13.39 

13.55 0.15 

5.1 

5.27 0.15 R.E.2 0.43 15 134.75 5150 15 11.71 13.78 13.58 5.3 

R.E.3 0.43 15 135.75 5240 15 11.81 13.48 13.68 5.4 

R.F.1 0.43 17 133.25 4520 16 11.42 

11.68 0.23 

13.48 

13.48 0.10 

13.19 

13.32 0.23 

5 

5.13 0.12 R.F.2 0.43 17 135.75 5313 16 11.81 13.39 13.19 5.2 

R.F.3 0.43 17 130 4430 16 11.81 13.58 13.58 5.2 
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Table 8, Continued 

 

 

 

 

Mix 
W/C 
Ratio 

AWA 
Oz/100 

lb of 
cement 

Wet 
Grout 

Density, 
Lb/ft3 

Avg. Grout 
Compressive 
Strength, psi 

Air 
Content 

(%) 

European Flow Table Test 

ASTM C1611-09b CRD ς C 661 

NO Tap 15 Taps 

Average 
Diameter, 

Inch 
avg. 

std. 
dev. 

Average 
Diameter, 

Inch 
avg.  

std. 
dev. 

Average 
Diameter, 

Inch 
avg.  

std. 
dev. 

Mass 
Loss, % 

avg.  
std. 
dev. 

R.K.1 0.43 19 134.75 4963 16.1 11.42 

11.35 0.12 

13.39 

13.13 0.30 

13.19 

13.12 0.12 

4.04 

4.11 0.08 R.K.2 0.43 19 137.5 5033 16.1 11.22 12.8 12.99 4.2 

R.K.3 0.43 19 134.25 4847 16.1 11.42 13.19 13.19 4.1 

R.G.1 0.45 13 134.25 5070 11.5 12.5 

12.66 0.20 

16.14 

16.60 0.41 

14.67 

14.96 0.30 

5.37 

6.06 0.59 R.G.2 0.45 13 133 4623 11.5 12.89 16.93 14.96 6.4 

R.G.3 0.45 13 134.5 4633 11.5 12.6 16.73 15.26 6.4 

R.H.1 0.45 15 136.5 5347 11.5 11.81 

12.04 0.40 

15.45 

15.65 0.26 

14.27 

14.40 0.15 

5.32 

5.34 0.03 R.H.2 0.45 15 138 5427 11.5 11.81 15.55 14.57 5.32 

R.H.3 0.45 15 139.5 5033 11.5 12.5 15.94 14.37 5.38 

R.I.1 0.45 17 136.5 5020 11.5 12.21 

11.91 0.30 

15.35 

15.62 0.23 

14.17 

14.20 0.06 

5.26 

5.30 0.03 R.I.2 0.45 17 135.75 5110 11.5 11.61 15.75 14.17 5.32 

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 

11.91 0.78 

15.75 

15.55 0.34 

14.17 

14.01 0.37 

5.43 

5.28 0.13 R.L.2 0.45 19 137 5160 11.5 12.5 15.75 14.27 5.2 

R.L.3 0.45 19 137.5 5120 11.5 11.02 15.16 13.58 5.2 



29 

 

 

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

Mix 
W/C 

Ratio 

Wet 

Grout 

Density, 

Lb/ft3 

Avg. Grout 

Compressive 

Strength, psi 

Air 

Content 

(%) 

European Flow Table Test 

ASTM C1611-09b 

NO Tap 15 Taps 

Average 

Diameter, 

Inch 

avg 
std. 

dev. 

Average 

Diameter, 

Inch 

avg.  
std. 

dev. 

Average 

Diameter, 

Inch 

xavg 
std. 

dev. 

Dry 1 A 0.40 130.75 4323 9.1 14.07 

13.94 0.15 

20.47 

20.34 0.23 

15.35 

15.74 0.40 Dry 1 B 0.40 133.5 4653 9.1 13.78 20.08 16.14 

Dry 1 C 0.40 134.25 4727 9.1 13.98 20.47 15.74 

Dry 2 A 0.43 131.5 4483 11 16.14 

16.08 0.30 

20.87 

21.00 0.11 

18.11 

18.18 0.12 Dry 2 B 0.43 134 4793 11 16.34 21.06 18.31 

Dry 2 C 0.43 133 5113 11 15.75 21.06 18.11 

Dry 3 A 0.45 135 4817 13 17.72 

17.65 0.12 

22.05 

22.57 0.45 

18.9 

18.90 0.00 Dry 3 B 0.45 135.5 4747 13 17.72 22.83 18.9 

Dry 3 C 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. 

 

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. 

 

Figure 6: Effect of AWA on Tap-Test without Tapping for Grout Placement in the Wet 
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Figure 7: Effect of AWA on Spread-Test for Grout Placement in the Wet 

 

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 

 

Figure 10: Effect of w/c Ratio on Spread-Test 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 

 
Figure 12: Effect of AWA on Loss of Mass by Washout 
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Figure 13: Effect of w/c Ratio on Loss of Mass by Washout 

 

Figure 14: Correlation between Tap-Test without Tapping and Spread-Test for  

AWA = 13oz/100 lb of cement 
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Figure 15: Correlation between Tap-Test without Tapping and Spread-Test for  

AWA = 15oz/100 lb of cement 

 

Figure 16: Correlation between Tap-Test without Tapping and Spread-Test for  

AWA = 17oz/100 lb of cement 
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Figure 17: Correlation between Tap-Test without Tapping and Spread-Test for  

AWA = 19oz/100 lb of cement 

 

Figure 18: Correlation between Tap-Test without Tapping and Spread-Test for w/c = 0.40, 

for Grout Placement in the Wet 
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Figure 19: Correlation between Tap-Test without Tapping and Spread-Test for w/c = 0.43, 

for Grout Placement in the Wet 

 

Figure 20: Correlation between Tap-Test without Tapping and Spread-Test for w/c = 0.45, 

for Grout Placement in the Wet 
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Figure 21: Correlation between Tap-Test after 15 taps and Spread-Test for  

AWA = 13 oz /100 lb of cement 

 

Figure 22: Correlation between Tap-Test after 15 taps and Spread-Test for  

AWA = 15 oz /100 lb of cement 
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Figure 23: Correlation between Tap-Test after 15 taps and Spread-Test for  

AWA = 17 oz /100 lb of cement 

 

Figure 24: Correlation between Tap-Test after 15 taps and Spread-Test for  

AWA = 19 oz /100 lb of cement 
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Figure 25: Correlation between Tap-Test after 15 taps and Spread-Test for w/c = 0.40, for 

Grout Placement in the Wet 

 

Figure 26: Correlation between Tap-Test after 15 taps and Spread-Test for w/c = 0.43, for 

Grout Placement in the Wet 
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Figure 27: Correlation between Tap-Test after 15 taps and Spread-Test for w/c = 0.45, for 

Grout Placement in the Wet 

 

Figure 28: Correlation between Spread-Test and Tap-Test Without Tapping for Grout 

Placement in the Dry 
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Figure 29: Correlation between Spread-Test and 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 

Material 
Quantity by weight for one 

cubic yard of grout, pounds 

Portland cement, Type I or Type II 740 to 760 

Fine Aggregate, dry 1,180 to 1,200 

¼" crusher chips (coarse aggregate), dry 1,180 to 1,200 

Water-Cement Ratio (w/c) 0.40 to 0.45 

Air entrained Admixture 
Manufacturer 

Recommendation 

Water-Reducing Admixture 
Manufacturer 

Recommendation 

Anti-washout Admixture (AWA) (used 

only for placement underwater) 

Manufacturer 

Recommendation 

Conversion factors: 1 lb = 0.454 Kg 

 The targeted grout mix should result in a wet grout density ranging from 120 

to 140 lb/ft
3
 (1922 to 2243 kg/m

3
). Wet densities outside this range should be 

rejected and the mix re-evaluated for material properties of the individual 

constituents.  

 The targeted grout mix should result in a minimum air content of 6% in the 

plastic state. 

 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 

 

 

Conversion factors: 1 inch = 2.54 cm  

 

 

  

For placement “in the dry” 15.0 to 18.0 inch 

For placement “in the wet” 12.0 to 15.0 inch 
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APPENDIX A 

AGGREGATES 
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FINE AGGREGATES 

Trial 1 Fine Aggregate 

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

[3/8] 0.375 100.0 0.0 

2.4 

4 0.25 97.9 2.1 

8 0.125 95.4 4.6 

16 0.0625 82.0 18.0 

30 0.0333 53.1 46.9 

50 0.02 29.2 70.8 

100 0.01 5.8 94.2 

200 0.005 0.2 99.8 

PAN 

 

0.0 100.0 

 

Trial 2 Fine Aggregate 

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

[3/8] 0.375 99.8 0.23 

2.4 

4 0.25 97.5 2.53 

8 0.125 94.7 5.34 

16 0.0625 81.3 18.70 

30 0.0333 51.4 48.63 

50 0.02 28.1 71.89 

100 0.01 5.2 94.85 

200 0.005 0.3 99.73 

PAN 
 

0.0 100.00 

 

Trial 3 Fine Aggregate 

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

[3/8] 0.375 100.0 0.00 

2.5 

4 0.25 97.0 2.95 

8 0.125 93.9 6.07 

16 0.0625 79.2 20.84 

30 0.0333 48.0 51.98 

50 0.02 28.2 71.76 

100 0.01 4.7 95.30 

200 0.005 0.2 99.80 

PAN 
 

0.0 100.00 
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Avg. Fine Aggregate 

SIEVE SIZE OPENING [in] AVE % FINER 

[3/8] 0.375 99.9 

4 0.25 97.5 

8 0.125 94.7 

16 0.0625 80.8 

30 0.0333 50.8 

50 0.02 28.5 

100 0.01 5.2 

200 0.005 0.2 

PAN 

 

0.0 
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COARSE AGGREGATES 

Trail 1 Coarse Aggregate 

Sieve 

Size 

Opening 

[in] 

Percent 

Finer 

[%] 

Cum. % 

Ret. 

Fineness 

Modulus 

[1/2] 0.5 100.0 0.0 

3.6 

[3/8] 0.375 95.5 4.5 

4 0.25 35.0 65.0 

8 0.125 4.8 95.2 

16 0.0625 1.6 98.4 

100 0.01 0.7 99.3 

PAN 

 

0.0 

   

Trail 2 Coarse Aggregate 

Sieve 

Size 

Opening 

[in] 

Percent 

Finer 

[%] 

Cum. % 

Ret. 

Fineness 

Modulus 

[1/2] 0.5 100.0 0.0 

3.7 

[3/8] 0.375 97.5 2.5 

4 0.25 23.3 76.7 

8 0.125 3.8 96.2 

16 0.0625 1.4 98.6 

100 0.01 0.9 99.1 

PAN 

 

0.0 

   

Trail 3 Coarse Aggregate 

Sieve 

Size 

Opening 

[in] 

Percent 

Finer 

[%] 

Cum. % 

Ret. 

Fineness 

Modulus 

[1/2] 0.5 100.0 0.0 

3.7 

[3/8] 0.375 94.7 5.3 

4 0.25 25.9 74.1 

8 0.125 4.9 95.1 

16 0.0625 1.6 98.4 

100 0.01 0.9 99.1 

PAN 

 

0.0 
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Trail 3 Coarse Aggregate 

Sieve 

Size 

Opening 

[in] 

Percent 

Finer 

[%] 

Cum. % 

Ret. 

Fineness 

Modulus 

[1/2] 0.5 100.0 0.0 

3.7 

[3/8] 0.375 94.7 5.3 

4 0.25 25.9 74.1 

8 0.125 4.9 95.1 

16 0.0625 1.6 98.4 

100 0.01 0.9 99.1 

PAN 

 

0.0 

   

Trail 5 Coarse Aggregate 

Sieve 

Size 

Opening 

[in] 

Percent 

Finer 

[%] 

Cum. % 

Ret. 

Fineness 

Modulus 

[1/2] 0.5 100.0 0.0 

3.9 

[3/8] 0.375 94.8 5.2 

4 0.25 13.3 86.7 

8 0.125 0.9 99.1 

16 0.0625 0.4 99.6 

100 0.01 0.2 99.8 

PAN 

 

0.0 

   

Avg. Coarse Aggregate 

Sieve Size Opening [in] 
Percent Finer 

[%] 

[1/2] 0.5 100.0 

[3/8] 0.375 95.6 

4 0.25 22.2 

8 0.125 3.0 

16 0.0625 1.1 

100 0.01 0.6 

PAN 

 

0.0 
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