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1.0 Introduction & Purpose 
 
Current Ministry of Forest, Lands and Natural Resource Operations’ (FLNR) guidance for structural grout 

testing specifies use of disposable plastic cylinders, for creating samples for testing, which is not 

consistent with typical grout testing standards in North America.  The purpose of this project was to 

evaluate the accuracy of using disposable plastic cylinder molds for creating and testing structural grout 

samples instead of cube molds. 

Data on the compressive strengths of CSA standard grout cubes versus non-standard grout cylinders has 

been gathered in order to determine if the use of cylinders is warranted for FLNR structural grout testing 

for quality assurance testing for field structural grout applications. The results of the testing conducted 

support the continued use of the plastic cylinders and sufficiently accurate compressive test results for 

FLNR purposes. 

2.0 Background 
 
FLNR bridge standards specify use of grout for field construction of precast concrete bridge components.  

Typically, grout is used to fill shear connections on precast reinforced concrete slab bridges and for 

precast concrete deck panel, composite and non-composite, bridges. 

There are a number of factors which will influence the quality and strength of the grout including (not 

limited too): method of mixing, amount of water used, temperature of components during mixing, 

ambient environment including temperature and during curing, method of placement, etc.  As the 

grouted connections are critical to the structural integrity and bridge capacity, quality control and 

quality assurance is undertaken through sampling the grout as it is being placed in the field.  Grout 

samples are collected at various times through the grouting process and tested to ensure that required 

design compressive strengths are achieved in order to confirm that it is safe to place the structure into 

service. 

FLNR has specified use of cylinders for sampling of structure field grout for bridge projects.  Concern has 

been expressed that the cylinders are not representative of grout strength as standard tests specify use 

of cube molds.  In order to address this concern, this project was been undertaken. 

It is noted that the use of grout in our application is not considered typical use of grout. Grout’s origins 

are for use as mortar separating stone, concrete or brick elements.  Other typical uses of grout are for 

leveling surfaces such as machine or structural bearings and patching of concrete deck surfaces.  The use 

of grout for structural connections for bridges is not typical. 



FLNR specifies use of Target Traffic Patch grout due to its fast set, high strength properties.  These 

characteristics are desirable as bridges are typically placed into service as soon as possible.  Traffic Patch 

comes in two forms – fine and coarse.  Fine is used where patches are less than 25mm in thickness and 

coarse is used where patches are greater that 25mm.  Typical application in FLNR structures is: coarse is 

used in shear connections (>25mm); fine is used In joints between deck panels (typically <25mm) on 

precast deck on steel girder composite bridges. 

Interestingly, the specifications that Target provides for Traffic Patch specifies: 

 Compressive strength determined on 50mm (2 inch) cube specimens for Fine mix and 100mm (4 

inch) diameter cylinders for Coarse mix 

In discussions with Target technical specialists, they indicate that cylinders are specified for the coarse 

mix due the size of the “aggregate” steel fibres in the mix.  

FLNR utilizes disposable plastic cylindrical molds due to the cost, ready availability and versatility.  Cube 

molds come in reusable brass and plastic forms, typically 3 cubes per mold.  They are expensive ($250 to 

$650) and have limited versatility in that they have to be tracked and managed from project to project; 

they must be distributed to each job and recovered subsequent to testing for reuse.  Given that bridge 

construction projects are distributed broadly geographically and that they often occur at the same 

times, it is realistically impractical to use molds that need to be tracked, recovered and passed on for 

use on other projects. 

Plastic disposable cylindrical molds are readily available in abundance and can be provided at a fraction 

of the cost (50 dia x 100mm high, ~$0.25 each).  Being disposable, there is no concern for loss or 

tracking of molds from project to project.  It is simple to provide each project with sufficient number of 

samplers and to have them delivered to testing facilities – not continuous tracking of molds required.  

For cube sampling, there is no similar disposable product. 

Internet research indicates that various jurisdictions utilize cubes and or molds for concrete compressive 

testing.  Some jurisdictions utilize cubes exclusively.  In north America, for typical concrete testing, 

cylinders are the mold form of choice excepting for grout which appears to be cubes. 

Review of available studies comparing cube to cylinder testing suggests that cubic grout samples will 

produce a greater compressive strength than cylindrical grout samples from the same batch. Multiple 

online sources, as well as a representative from Metro Testing Labs, have confirmed this theory. Various 

factors influence the compressive strengths of the samples: shape and size of the mold, rate of 

application of the test load, direction of loading, moisture level of the concrete test block, methods and 

material used for capping, as well as friction at the machine-concrete interface cause at the time of 

loading. It was determined that the most influential factor is the size and shape of the mold; cubes and 

cylinders have differing height to diameter ratios which greatly influence how they break and the 

compression they can withstand. No single conversion factor was identified to relate the compressive 

strengths of cylindrical samples to cubic samples. A range of values from 0.8 to 0.95 (cylinder:cube) 

were found in the literature. 

http://www.targetproducts.com/UserContent/SpecSheets/trafficpatch.pdf


3.0 Methodology  

Scope of Testing 
A test batch was completed using Target Traffic Patch Coarse to determine an appropriate grout to 

water ratio ranging from 0.11 to 0.14. 4 samples were cast but were not broken. 

A total of 52 samples were cast from Target Traffic Patch Fine: 27 cylinders and 27 cubes. Samples were 

broken at 24 hours, 72 hours and 7 days. Data was gathered and analysed to determine if it is 

appropriate to use cylindrical molds when determining the compressive strength of grout for MFLNRO 

projects. This report intends for a minimum compressive strength of 35 MPa after 24 hours and relates 

cylinders to cubes (used as a baseline); data is analysed to determine if there is an appropriate 

conversion factor that MFLRNO can use to relate the compressive strength of cylinders to that of cubes. 

Procedure 
The following procedure describes the method in which Jacqueline Pigeon, Cheri Tayler and Brian Chow 

prepared, mixed, cast and set the grout cubes and cylinders.  

Target Traffic Patch Coarse and Fine grout are the prescribed repair materials for MFLNRO concrete 

component repairs. For the purpose of this test, 27 cubes and 27 cylinders were cast from Target Traffic 

Patch Fine (TPF) grout, creating a total of 52 samples. Samples were cast on August 4th, 2015. 

Materials Required 

 3 - metal molds (3 cubes per mold) supplied by Levelton (2 inch x 2 inch) 

 6 - hard plastic molds (3 cubes per mold) supplied by Levelton (2 inch x 2 inch) 

 27 - plastic grout cylinders (2 inch diameter X 4 inch long) 

 Mailing labels 

 2 large buckets 

 Electric mixer – drill and paddle from Home Depot 

 2 bags Target Traffic Patch Fine ($23.21/bag) 

 Water 

 2 Digital thermometer(s) 

 Blunt, non-adsorbent rod 

 Weigh scales 

 Coolers to keep grout and mixing water cold 

 Burlap 
 
Safety Gear Required 

 Eye protection 

 Face masks 

 Rubber, latex or leather gloves 

 Protective clothing 
 



Preliminary Test 

An initial test batch was mixed and cast with available old Target Traffic Patch Coarse to test procedures 

and assess appropriate water to dry grout ratio between 0.11 and 0.14. The dry grout was weighed and 

the amount of water weight was determined using a ratio of 0.14. Post mixing, the test mix was 

assessed to be too fluid as water puddled on top of the samples once they were cast. A ratio of 0.12 was 

therefore chosen for the actual test mixes using Target Traffic Patch Fine 

Preparation Work 

1. A data sheet was created to record weights, times and temperatures throughout the procedure 

(see attached data sheet). 

2. 27 cylinders (4 inch height x 2 inch diameter) and 27 cubes (2x2x2inch) were gathered and 

labeled. Labels included the sample ID, date casted, and who the sample was cast by. Cylinders 

were identified by CY1 through CY27 and cubes were identified by CU1 through CU27.  

3. The cubic molds, mixing water and the dry grout was refrigerated overnight and then stored in 

coolers with ice, prior to mixing, in order to prolong working time. 

Mixing 

4. A single bag of Target Traffic Patch Fine was split into 3 approximately equal parts (see Table 3 

for dry weight per batch) to create 3 batches: Batch 1 utilized 3 plastic cube molds, Batch 2 

utilized 3 plastic cube molds and Batch 3 utilized 3 metal cube molds.  

5. Parts were weighed on a scale using a 5-gallon pail. The weight of the bucket was subtracted 

from the total weight in order to gain the dry weight of the grout.  

6. Water volume was determined based on water to dry grout ratio by weight. Batch 1 & 2 used a 

water to grout ratio of 0.12 and Batch 3 utilized a ratio of 0.11. The weight and temperature of 

the water for each batch were recorded just prior to mixing.  

7. Grout batches were mixed in a 5-gallon pail with an electric mixer and paddle.  

8. Water was slowly added to the grout. Mixing was periodically stopped to allow for hand 

scraping the materials from the bottom edge of the bucket, using a garden trowel, to create a 

more even mix.  

9. Start and finish times were recorded to determine length of mixing. 

Casting 

10. Grout was placed in the molds soon after mixing. 9 cylinders and 9 cubes were cast for each 

batch. 

11. Molds were filled approximately halfway with grout. 

12. Using a blunt non-absorbent rod, the molds were tamped uniformly over the cross section 

approximately 15 times. 

13. Molds were slightly overfilled with the second layer of grout and tamped 15 times, evenly 

distributing over the cross section. 

14. To remove excess grout and create a flat top surface, a flat edge was run over the top of the 

molds. 



Setting 

15. After samples were cast, they were placed on a flat surface to set. 

16. Approximately 1 hour after casting was completed, water was poured over the samples with a 

watering can and wet burlap was placed over them. The tops of cylinder and brass mold 

specimens were in contact with the wet burlap, however specimens in plastic molds were 

covered therefore did not have contact with the burlap. 

17. A plastic sheet was placed over the samples to help retain moisture. 

18. All samples were left outside overnight in a dry, covered area. 

19. The minimum and maximum temperatures were recorded overnight.  

20. Water was poured over the samples in the morning.  

Breaking 

21. Samples were transported to a lab for compression testing just less than 24 hours after casting.  

22. All samples were removed from their molds and identified with permanent marker after 

approximately 24 hours. 

23. 24-hour samples were broken and the remaining samples were divided and were were stored in 

a locked outdoor field cure box until they were broken. 

24. Cylinders were capped with sulphur mortar. 

25. The range of the rate of loading for cylinders is 0.3-0.71 kN/second and for cubes is 0.39-0.90 

kN/second. The specimens tested at 72 hours underwent a slightly higher rate of loading (higher 

end of range) than the 24 hour and 7 day samples (lower end of range ~0.5kN/sec). 

26. Samples were broke as closely as possible to the casting times on their respective break date.  

Samples were broken in an order specified in Table 1. 

27. Breaking lab employees performed the breaks and recorded the findings. 

Table 1: Order of sample breaking 

 

 

 

 

 

 

 

 

 

 

24 hr 72 hr 7 day

CU1 CU4 CU7

CU2 CU5 CU8

CU3 CU6 CU9

CY1 CY4 CY7

CY2 CY5 CY8

CY3 CY6 CY9

CU10 CU13 CU16

CU11 CU14 CU17

CU12 CU15 CU18

CY10 CY13 CY16

CY11 CY14 CY17

CY12 CY15 CY18

CU19 CY22 CU25

CU20 CY23 CU26

CU21 CY24 CU27

CY19 CU22 CY25

CY20 CU23 CY26

CY21 CU24 CY27

Order of Breaking



JP, BC, CT JP, BC, CT JP, BC, CT

19 20 19.6

19 18.7 20

1.04 1.036 0.938

5 5.8 6.4

8.626 8.626 8.426

7.6 11 12

11.9 15.9 17.7

0.121 0.120 0.111

9:56 AM 10:41 AM 11:18 AM

9:59 AM 10:45 AM 11:22 AM

3 4 4

10:00 AM 10:46 AM 11:23 AM

10:10 AM 10:54 AM 11:34 AM

10 8 11

9 cubes, 9 cylinders 9 cubes, 9 cylinders 9 cubes, 9 cylinders

N/A N/A N/A

22.7 22.7 22.7

13.6 13.6 13.6

Cook Street Cook Street Cook Street

Admixtures: Admixtures: Admixtures:

Curing location initial ~20 hrs: Curing location initial ~20 hrs: Curing location initial ~20 hrs:

Maximum curing temperature (oC): Maximum curing temperature (oC): Maximum curing temperature (oC):

Minimum curing temperature (oC): Minimum curing temperature (oC): Minimum curing temperature (oC):

Total casting time (min): Total casting time (min): Total casting time (min):

Number of samples cast: Number of samples cast: Number of samples cast:

Time casting completed: Time casting completed: Time casting completed:

Cast by: Cast by: Cast by:

Time mixing completed: Time mixing completed: Time mixing completed:

Time casting began: Time casting began: Time casting began:

Water to material ratio: Water to material ratio: Water to material ratio:

Time mixing began: Time mixing began: Time mixing began:

Water added (kg): Water added (kg): Water added (kg):

Dry grout added (kg): Dry grout added (kg): Dry grout added (kg):

Wet grout temperature (oC): Wet grout temperature (oC): Wet grout temperature (oC):

Batch #: 2 Batch #: 3

Ambient Temperature start (oC): Ambient Temperature start (oC): Ambient Temperature start (oC):

Water temperature (oC): Water temperature (oC): Water temperature (oC):

Total mixing time (min): Total mixing time (min): Total mixing time (min):

Dry grout temperature (oC): Dry grout temperature (oC): Dry grout temperature (oC):

Ambient Temperature end (oC): Ambient Temperature end (oC): Ambient Temperature end (oC):

Batch #: 1

4.0 Results  
 
Tables 2 and 3 provides general information on the mixing and casting procedure. 

Table 2: General test information 

 

Table 3: Mixing and casting information on each batch of Target Traffic Patch Fine 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Number of batches:

Number of bags used:

Material used in mix:

Client:

General information

Target Traffic Patch Fine + water

Target Traffic Patch Fine

Engineering Branch

3

1

Weight of Traffic Patch Fine bag (kg) 26

Grout mix:



Tables 4, 5, and 6 provide data for the 24 hour, 72 hour and 7 day break times respectively. 

Table 4: 24 hour break data 

 

Table 5: 72 hour break data 

 

Table 6 highlights CY8 in red as it was poorly tamped and therefore was visibly unconsolidated. CY8 

provided the lowest compressive strength in comparison to cylinders from the same batch as well as all 

samples.  

 

 

psi MPa

Batch 1 CU1 24 10:00 AM 10:01 AM 108.5 6098 42.04 columnar

CU2 24 10:00 AM 10:05 AM 103.4 5811 40.07 columnar

CU3 24 10:00 AM 10:14 AM 100.5 5648 38.94 columnar

CY1 24 10:00 AM 10:24 AM 90.2 6663 45.94 shear

CY2 24 10:00 AM 10:30 AM 89.2 6589 45.43 shear

CY3 24 10:00 AM 10:35 AM 84.0 6205 42.78 shear

Batch 2 CU10 24 10:46 AM 10:39 AM 116.8 6564 45.26 columnar

CU11 24 10:46 AM 10:50 AM 115.7 6503 44.83 columnar

CU12 24 10:46 AM 10:56 AM 111.9 6289 43.36 columnar

CY10 24 10:46 AM 11:02 AM 91.2 6737 46.45 shear

CY11 24 10:46 AM 11:07 AM 98.4 7269 50.11 shear

CY12 24 10:46 AM 11:13 AM 99.3 7335 50.57 shear

Batch 3 CU19 24 11:23 AM 11:17 AM 130.1 7312 50.41 columnar

CU20 24 11:23 AM 11:24 AM 128.5 7222 49.79 columnar

CU21 24 11:23 AM 11:27 AM 127.3 7155 49.33 columnar

CY19 24 11:23 AM 11:32 AM 107.5 7941 54.75 shear

CY20 24 11:24 AM 11:36 AM 102.7 7586 52.30 shear

CY21 24 11:24 AM 11:39 AM 103.5 7645 52.71 cone and shear

Maximum Load (kN)Break timeCasting timeTest Age (hours)Sample IDBatch Number

24 hour break

Compressive Strength
Type of Fracture

psi MPa

Batch 1 CU4 72 10:04 AM 10:16 AM 120.9 6795 46.85 columnar

CU5 72 10:04 AM 10:21 AM 106.8 6002 41.39 columnar

CU6 72 10:04 AM 10:25 AM 107.7 6053 41.73 columnar

CY4 72 10:04 AM 10:07 AM 104.2 7697 53.07 shear

CY5 72 10:04 AM 10:10 AM 97 7165 49.40 shear

CY6 72 10:04 AM 10:13 AM 100.4 7416 51.13 shear

Batch 2 CU13 72 10:47 AM 10:41 AM 119.5 6716 46.31 columnar

CU14 72 10:47 AM 10:44 AM 132 7419 51.15 columnar

CU15 72 10:47 AM 10:47 AM 115.9 6514 44.91 columnar

CY13 72 10:47 AM 10:51 AM 100 7387 50.93 shear

CY14 72 10:47 AM 10:54 AM 104.2 7697 53.07 shear

CY15 72 10:47 AM 10:58 AM 107.3 7926 54.65 shear

Batch 3 CY22 72 11:27 AM 11:26 AM 121.5 8975 61.88 shear

CY23 72 11:27 AM 11:30 AM 114.4 8450 58.26 shear

CY24 72 11:28 AM 11:34 AM 117.9 8709 60.05 shear

CU22 72 11:29 AM 11:37 AM 127.1 7143 49.25 columnar

CU23 72 11:29 AM 11:41 AM 127.5 7166 49.41 columnar

CU24 72 11:29 AM 11:45 AM 136.6 7677 52.93 columnar

72 hour break

Batch Number Sample ID Test Age (hours) Casting time Break time Maximum Load (kN)
Compressive Strength

Type of Fracture



Table 6: 7 day break data 

 

Table 7 provides a summary of the above findings and computes the average compressive strength of 

the cylinders and cubes. The average compressive strength for the 7 day cylinders is highlighted (yellow) 

as it only includes CY7 and CY9 as CY8 had poor consolidation and had a noticeably lower compressive 

strength. The average compressive strength at 72 hours for the Batch 3 cylinders is to be noted (in 

green) as it is higher than the average compressive strength after 7 days. Cubes from Batch 3 were each 

cast in brass molds and are noted in red. 

Table 7: Summary of sample compressive strengths 

 

psi MPa

Batch 1 CU7 7 10:07 AM 10:14 AM 119.2 6699 46.19 columnar

CU8 7 10:07 AM 10:24 AM 127.2 7149 49.29 columnar

CU9 7 10:07 AM 10:33 AM 120 6744 46.50 columnar

CY7 7 10:07 AM 10:40 AM 103.4 7638 52.66 shear

CY8 7 10:08 AM 10:44 AM 84.8 6264 43.19 shear

CY9 7 10:08 AM 10:49 AM 100.7 7438 51.29 shear

Batch 2 CU16 7 10:50 AM 10:58 AM 131 7362 50.76 columnar

CU17 7 10:50 AM 11:05 AM 120.1 6750 46.54 columnar

CU18 7 10:50 AM 11:10 AM 133 7475 51.54 columnar

CY16 7 10:51 AM 11:19 AM 113.6 8391 57.86 shear

CY17 7 10:51 AM 11:26 AM 114.6 8465 58.37 shear

CY18 7 10:51 AM 11:34 AM 115.2 8509 58.67 shear

Batch 3 CU25 7 11:31 AM 11:42 AM 132.1 7424 51.19 columnar

CU26 7 11:31 AM 11:49 AM 138.8 7801 53.79 columnar

CU27 7 11:31 AM 11:55 AM 138.7 7795 53.75 columnar

CY25 7 11:31 AM 12:03 PM 112.8 8332 57.45 shear

CY26 7 11:31 AM 12:11 PM 118.2 8731 60.20 shear

CY27 7 11:31 AM 12:19 PM 114.3 8443 58.21 shear

7 day break

Batch Number Sample ID Test Age (days) Casting time Break time Maximum Load (kN)
Compressive Strength

Type of Fracture

Sample ID 24 hours Sample ID 72 hours Sample ID 7 days 24 hour Delta 72 hour Delta 7 day

CU1 42.0 CU4 46.8 CU7 46.2

CU2 40.1 CU5 41.4 CU8 49.3

CU3 38.9 CU6 41.7 CU9 46.5

Delta 4.4 7.9 4.6

CY1 45.9 CY4 53.1 CY7 52.7

CY2 45.4 CY5 49.4 CY8 43.2

CY3 42.8 CY6 51.1 CY9 51.3

CU10 45.3 CU13 46.3 CU16 50.8

CU11 44.8 CU14 51.2 CU17 46.5

CU12 43.4 CU15 44.9 CU18 51.5

Delta 4.6 5.4 8.7

CY10 46.4 CY13 50.9 CY16 57.9

CY11 50.1 CY14 53.1 CY17 58.4

CY12 50.6 CY15 54.6 CY18 58.7

CU19 50.4 CU22 49.3 CU25 51.2

CU20 49.8 CU23 49.4 CU26 53.8

CU21 49.3 CU24 52.9 CU27 53.7

Delta 3.4 9.5 5.7

CY19 54.7 CY22 61.9 CY25 57.4

CY20 52.3 CY23 58.3 CY26 60.2

CY21 52.7 CY24 60.0 CY27 58.2

CU 44.9 2.2 47.1 2.8 49.9

Delta 4.1 7.6 6.3

CY 49.0 5.7 54.7 1.6 56.3

6.8

4.0

0.8

2.2

5.4

2.4

-1.4

Averages

Test Age

49.6

58.3

52.9

58.6

Test Age

43.3

51.2

47.5

52.9

50.5

60.153.3

3.0

6.5

Compressive Strength (Mpa)

Batch Number

44.5

49.0

49.8

Average Compressive Strength of Grouping (Mpa)

40.4

44.7

47.3

52.0

Batch 3

Brass Molds for 

Cubes

Batch 2

Batch 1

3.0

3.8

0.7



5.0 Discussion & Observations 

Procedure 
 
During mixing, it was noted that there was an obvious saturation point as water was gradually added; 

the mix suddenly transformed from very dry to fluid. The test batch was well over this saturation point 

as puddles formed on the top of the molds having used a water to dry grout ratio of 0.14. Using a 0.12 

ratio during the actual test was more appropriate in achieving the saturation point. Batch 3 utilized a 

ratio of 0.11 and became stiffer more quickly, setting much faster than Batches 1 and 2. Batch 1 and 2 

did not exhibit signs of setting prior to completion of casting all the samples. Figure 1 depicts an ideal 

consistency after water has been added; the water to dry grout ratio for this mix is 0.12.   

 

Figure 1: consistency of 0.12 water to dry grout ratio  

The heat of hydration could be felt emitting from the samples approximately 30 minutes after casting 

was completed. Two thermometers were with the samples to record the minimum and maximum 

temperatures for the first 24 hours of the field cure. Two varying minimum and maximum temperatures 

were recorded: 13.6oC to 22.7oC and 14.1oC to 26.7oC. It was noted that the thermometers used 

throughout the test were approximately 1oC apart when reading air temperature and therefore may 

have some influence in the differences between the two readings. The variation of the minimum and 

maximum temperatures may also be due to the position of the thermometers during curing as one was 

placed on top of the samples and one was placed between the samples, therefore greater influenced by 

the heat of hydration. A minimum and maximum curing temperature of 13.6oC and 22.7oC respectively 

were chosen. 

Breaking 
 
All samples were broken within the standard range of 0.3-0.71 kN/second for cylinders and 0.39-0.90 

kN/second for cubes. However, the rate of loading for the 24 hour break and the 7 day break was 

around 0.5 kN/second whereas the rate of loading for the 72 hour break fell in the higher end of the 



range for both the cubes and cylinders. All cylinders broke as shear fractures (Figure 2) with the 

exception of one cone and shear fracture. Cubes broke as columnar fractures (Figure 3). 

 

 

 

 

 

 

 

 

Figure 2: Shear fracture       Figure 3: Columnar fracture 

Data  
 
Table 7 provides the average compressive strength for each batch, separated into cubes and cylinders 

for each break time. With the exception of one anomaly, the compressive strengths of the samples 

increased with age. This general trend is an expected outcome which correlates with Target 

specifications. The average compressive strength for the Batch 3 cylinders (CY19-CY21) was recorded to 

be higher at 72 hours (58.2MPa) than at 7 days (56.8MPa), providing a difference of -1.4MPa. This may 

be due to human or mechanical error in the readings, differentiation in the rate of loading between the 

two break times, or potential defects in one or more of the 7 day grout samples. Overall this outlier is 

not of concern and does not influence the overall trend. 

Table 7 also demonstrates an increasing trend vertically as well. The strength of the samples increases as 

the batch number increases. While the water to grout ratio decreased for each consecutive batch 

(0.121, 0.120, 0.111) the difference between the ratios of Batch 1 and Batch 2 are 0.001 (0.004L), which 

should provide any variation in the data. While the ambient temperature remained fairly consistent, the 

temperature of the water added increased for each batch (5oC, 5.8oC, 6.4oC). Target specifies using cold 

water to delay the set time. As the temperature of the water increases, the mix may have hardened 

more quickly.  

The cubes cast in Batch 1 and Batch 2 were cast in plastic molds (Figure 4) and the cubes cast in Batch 3 

were cast in a brass mold (Figure 5). The cubes cast in the brass mold consistently broke at the highest 

strengths. The plastic molds were capped off, unlike the brass mold, and therefore did not allow for 

Batch 1 and 2 cubes to be exposed to the wet burlap and potentially causing those samples to dry up 

too quickly overall decreasing the design strength. When grout begins to harden it expands; as plastic is 



less ridged than brass, the plastic may have allowed for bulging to occur, deforming the molds slightly 

and causing them to break at a lower strength. 

 

 

 

 

  

 

 

           Figure 4: Plastic cube molds (capped)    Figure 5: Brass molds 

While the brass molds were not capped and able to be in contact with the burlap, the burlap was not 

placed in a way that maintained contact with cubes 22 through 24 during the first 24 hour field cure 

(Figure 6). The only direct exposure to water that CU22 through CU24 had was when water was poured 

over them at the end of casting and approximately 20 hours later. This human error is not evident in the 

strength data for these samples therefore is not of concern. 

 

 

 

 

 

 

 

Figure 6: Dry spot where wet burlap did not maintain contact with CU22-CU24 

 

Sample CY8 was not tamped a secondary time therefore was visibly unconsolidated (Figure 7). While 

CY8 broke at a relatively high compressive strength (41.8MPa), CY7 and CY9 broke at much greater 

strengths: 51.0MPa and 49.7MPa respectively. Therefore, when calculating the average compressive 

strength for the Batch 1 cylinders at the 7 day break, CY8 was omitted from the calculation.  

 



 

 

 

 

 

 

 

 

 

Figure 7: CY8 unconsolidated cylinder 

 

As seen in Table 7, the cylinders produced a higher compressive strength in comparison to the cubes. 

This trend does not correlate with the internet research conducted which states that high-strength 

concrete (or grout) cylinders should provide a lower compressive strength in comparison to concrete 

cubes at a 0.8 to 0.95 cylinder to cube ratio. However, this range is determined utilizing 6x6 inch cubes 

and 6x12 inch cylinders, whereas the FLNRO experiment utilizes 2x2 inch cubes and 2x4 inch cylinders. 

While research also provides information that varying sizes of cylinders (or cubes) cast from the same 

batch of grout will provide varying compressive strengths, an overall conclusion as to why the research 

and the experiment provide opposing results cannot be drawn. 

Target Products Ltd provided data from quality assurance testing that they regularly conduct on Target 

Traffic Patch, as seen in Table 8. They used cube molds for their quality assurance testing of Traffic Patch 

Fine. 

Table 8: Target Traffic Patch Fine compressive strength data (2014) 

 

Product: Traffic Patch Fine Product: Traffic Patch Fine Product: Traffic Patch Fine
Date Manufactured: 2014-03-07 Date Manufactured: 2014-04-10 Date Manufactured: 2014-05-13

Date / Time Sampled: 2014-03-07 Date / Time Sampled: 2014-04-10 Date / Time Sampled: 2014-05-13

Test Typical Test Typical Test Typical

Dry sample weight, g 2,500 Dry sample weight, g 2,500 Dry sample weight, g 2,500

Water, g 300 Water, g 300 Water, g 300

Water:Powder Ratio 0.12 0.11-0.14 Water:Powder Ratio 0.12 0.11-0.14 Water:Powder Ratio 0.12 0.11-0.14

Setting Time (min) Setting Time (min) Setting Time (min)

Initial Set 13 Initial Set 12 Initial Set 11

Final Set 23 Final Set 24 Final Set 19

Compressive Strength, psi Compressive Strength, psi Compressive Strength, psi 

at 3 hours 5,472 >3,000 at 3 hours 3,286 >3,000 at 3 hours 4,666 >3,000

at 24 hours 7,396 >5,000 at 24 hours 5,316 >5,000 at 24 hours 7,289 >5,000

at 7 days 8,711 at 7 days 6,856 at 7 days 8,655

at 28 days 11,448 > 7,500 at 28 days 8,278 > 7,500 at 28 days 9,462 > 7,500



The three Target tests indicate that after 24 hours, the mean compressive strength of the cubes should 

be between 5000 psi (typical) and 7396 psi (Target test). The mean strength for the cubes and the 

cylinders after 24 hours for the FLNRO test is 6512psi and 6889psi respectively, fitting within the Target 

range. 

The results of testing were shared and discussed with Target technical specialist. He was surprised and 

impressed by the results.  The results of the FLNR testing and Targets QA testing; the same range of 

results between Targets and FLNR were observed. 

Cylinder to Cubes Results Ratio and Statistical Review 

A review of available web literature on cubes versus cylinders suggested a cube to cylinder strength 

ratio range of 0.8 to 0.95.  However, we were not able to find a study which compared 50mm cubes with 

50 diameter cylinders.  Studies typically compared larger cubes to larger cylinders.  Where 50mm cubes 

were used, larger 100 diameter cylinders were used. 

To determine an appropriate cylinder to cube ratio, the average compressive strengths were calculated 

for each break time in Table 10. Table 10 data was then averaged to produce Table 11.  A summary of 

the ratios, has been created in Table 12, providing the minimum and maximum ratios, the mean and the 

median. When cast properly following Target manufacturer`s specifications, grout cast in the cylindrical 

molds tested approximately 10% higher than in cubes; an approximate ratio of 1.1 can be used to relate 

cylinders to cubes. 

Table 9: Average compressive strength of cubes and cylinders per batch at 24 hours, 72 hours and 7 days  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Batch # Average compressive strength 

Cubes Batch 1 40.35

Batch 2 44.49

Batch 3 49.85

Cylinders Batch 1 44.72

Batch 2 49.05

Batch 3 53.26

Batch # Average compressive strength 

Cubes Batch 1 43.32

Batch 2 47.46

Batch 3 50.53

Cylinders Batch 1 51.20

Batch 2 52.88

Batch 3 60.06

Batch # Average compressive strength 

Cubes Batch 1 47.33

Batch 2 49.61

Batch 3 52.91

Cylinders Batch 1 51.97

Batch 2 58.30

Batch 3 58.62

7 day break

24 hour break

72 hour break



Table 10: Cylinder to cube ratios for 24 hours, 72 hours and 7 days 

  

Table 11: Summary of ratios for FLNR test 

 

 

The mean and standard deviation for cubes and cylinders have been calculated from the 24 hour break 

data in Table 13. These values were used to create normal distribution curves for cylinders and cubes 

(Figure 8).  

Table 12: Mean and standard deviation for 24 hour cubes and cylinders 

 

Batch # Cylinder:Cube 

Batch 1 1.11

Batch 2 1.10

Batch 3 1.07

Batch # Cylinder:Cube 

Batch 1 1.18

Batch 2 1.11

Batch 3 1.19

Batch # Cylinder:Cube 

Batch 1 1.10

Batch 2 1.18

Batch 3 1.11

24 hour break

72 hour break

7 day break

Minimum 1.07

Maximum 1.19

Mean 1.13

Median 1.11

Summary

Mean Standard Deviation

Cubes 44.89 4.23

Cylinders 47.47 3.89

24 hours



 

Figure 8: Normal distribution curves for 24 hour cubes and cylinders 

The normal distribution curve indicates the following for the 24 hour samples: 

Cubes 

 Approximately 68% of the data is within 40.7 to 49.1 MPa 

 Approximately 95% of the data is within 36.4 to 53.4 MPa 

 Approximately 99.7% of the data is within 32.2 to 57.6 MPa 
 
Cylinders - Unadjusted 

 Approximately 68% of the data is within 45.0 to 53.0 MPa 

 Approximately 95% of the data is within 41.0 to 57.0 MPa 

 Approximately 99.7% of the data is within 37.0 to 61.0 MPa 
 

However, the grout tested was the same grout and should have the same strength.  If we assume the 
cube molds are the “base line” adjusting the cylinder results to reflect cube results, the following would 
result through applying the inverse of the mean 1.11 cylinder/cube strength ratio = 0.9 cube/cylinder to 
get “true” grout strength: 

 
Cylinders – Adjusted (applied 0.9 to cylinder results to get cube result) 

 Approximately 68% of the data is within 40.5 to 53.0 MPa 

 Approximately 95% of the data is within 36.9 to 51.3 MPa – results greater than 35 MPa 

 Approximately 99.7% of the data is within 33.3 to 54.9 MPa 
 

The data from the FLNRO test therefore confirms that after 24 hours, 95% confidence interval of 

samples should be approximately greater than 36.4MPa (lowest bound for 95% confidence interval for 

the cubes), which exceeds the required final design strength of 35 MPa.  



Possible Sources of Error 
 
Due to limitations on resources and funds, this project was not completed in a scientifically thorough 

fashion.  

Other forms of error not previously mentioned may include mechanical error from the compression 

machine as it provided data on the peak weight applied and was set to a specific rate of loading.  Other 

forms of mechanical error include the precision of the weigh scales used. The smaller weigh scale was 

accurate to 4 decimal places whereas the larger bathroom scale was accurate to 1. The specific water to 

grout ratios therefore may not have been exact, as well as other weight recordings.  

Human error also occurred throughout the test. The peak weight applied to sample CY20 was not 

recorded and therefore was recalled from memory. Other human error likely arose through the mixing 

and casting processes: batches were mixed and cast over varying lengths of time, the water to dry grout 

ratio for Batch 3 was 0.11 (rather than ideally having it at 0.12). During breaking, the machine was not 

set to the same rate of loading for each break time but rather was within a range of 0.3-0.71 kN/sec for 

cylinders and 0.39-0.90 kN/sec for cubes. 

It was noted that the cubes from the brass molds broke at higher strengths than the plastic molds in all 

cases.  The question arises as to whether there is something about the brass molds versus the plastic 

molds that results in a difference?  Speculating, the difference could be that the plastic molds are not as 

stiff as the brass molds and perhaps there is a confining effect resulting in higher strengths. 

6.0 Conclusion 
 
The results of this project support the validity of FLNR structural grout testing us of 50diaX100mm high 

disposable plastic cylinder molds. Grout samples cast in the cylindrical molds provide a higher 

compressive strength than 50.8x50.8 x50.8mm cubes.  

All cylinders (with one outlier) failed by a shear fracture, and all cubes failed by a columnar fracture. All 

samples yielded compressive strengths well above 35MPa and the compressive strengths generally 

increased over time as expected. 

When cast properly following the Target manufacturer’s specifications and using cubes as a baseline, a 

cylinder to cube ratio of 1.1 can be used; cylinders are break at a compressive strength approximately 

10% greater than that of cubes. Therefore, cylinders should break at approximately 38.5MPa to meet 

the required 35 MPa for cubes. Approximately 95% of samples will break above the required 35MPa 

after 24 hours. 

Consideration for other possible investigative projects 
 
Through the course of this project, other questions for possible future investigation arose: 



 Influence of amount of water on grout cure time and compressive strength 

o Use of water in excess of the limits prescribed by the manufacturer 

 Influence of ice water on grout cure time and compressive strength 

 Influence of ambient temperature on grout cure time and compressive strength 

 Influence of a wet cure versus dry cure on grout cure time and compressive strength  

 Comparison of compressive strength of Traffic Patch Fine versus Coarse in 50x100mm cylinders  

 Influence on compressive strength using varying sizes of cylinders (eg 50x100mm versus 

100x200mm or 150x300mm) 

 Influence on cube compressive strength of plastic molds versus brass molds 

 


