
Steel Reinforced Polyethylene Corrugated Pipe Applications & 
Inspection Standards 
 

Sichuan Goldstone Orient New Material Equipment Inc. 
Mr. Han Hongtao, Sales Manager, Production R&D 

Thomas Hickey, Technical Consultant 
2017.07 

 
Abstract: Since 2004,  Steel Reinforced Polyethylene Corrugated Pipe (SRPE) has been applied in 
sewage & drainage applications in China. Because of its superior stiffness and economic cost of 
production,  SRPE has been widely used in large diameter sewage pipe applications, and has 
become a major sewage pipe system, offering an excellent substitute for concrete pipe. Following 
the broad success in China, this composite pipe technology has also been adopted outside of 
China in a number of highly industrialized countries, such as Italy, USA, Canada, Russia, Turkey 
and Israel. This innovative composite pipe technology is rapidly gaining recognition for its 
superior properties and economic costs in various applications and is acquiring acceptance in the 
marketplace. There are now many industry standards that have been issued by various countries 
and organizations including SII458，ASTM F 2435，CJ_T 225-2011，UNI 11434 ITA，CSA B182.14-15, 
etc. The standards provide the technical specifications and performance evaluation methods for 
the various applications of SRPE pipe. This paper will review some of the methods in these 
specifications and provide some clarification of the differences between them. Hopefully as more 
experience is gained and the technology advanced we will see this innovative composite pipe in 
other applications. 
 
Introduction： 
Steel Reinforced Polyethylene Corrugated Pipe (SRPE) had been applied in China since 2004. After 
more than a dozen years in commercial applications considerable experience has been gained in 
design, fabrication and installation practices. These experiences need to be studied and the 
knowledge gained included in future developments and applications to continue to improve SRPE 
and further its adoption worldwide. 
 
SRPE pipe employs a multilayer wall construction consisting of inner and outer polyethylene 
layers and an omega-shape steel profile bonded to the two polyethylene layers by an adhesive 
(fig.1). Such construction maintains the key properties of polyethylene pipes (low coefficient of 
friction, chemical resistance, lightweight, etc.) while also benefitting from the structural 
properties of steel (high stiffness). Compared to plastic pipe, the use of steel in SRPE pipe 
provides higher resistance to external loads but lower consumption in raw materials. This results 
in smaller outside diameters, lower total construction weight, smaller trench dimensions and 
significantly reduced installation costs. An added proven benefit of SRPE pipe is that it has better 
long-term performance characteristics such as creep under constant external loads. 
 

 



 
Fig. 1. The structure of SRPE: 1 – inner polyethelyne layer, 2 – adhesive, 

 3 – omega-shape steel profile, 4 – outer polyetheline layer 
 

Using the spiral wound pipe processing method combined with steel reinforcing technology, 
allows large inner diameter SRPE pipe to be produced up to 3000mm with pipe ring stiffness from 
SN8 to SN16, or even higher. While these stiffness numbers may seem incredible, SRPE composite 
pipe can typically obtain the desired stiffness quite easily by a combination of adjusting the 
thickness of steel reinforcement and the pitch of the steel ribs. Additional options to achieve a 
particular stiffness value include employing a higher yield strength steel, taller steel profile or a 
combination. Another key advantage of SRPE beyond enhanced performance is the obvious 
material cost savings that the new structure pipe can achieve. A small amount of steel displaces a 
huge amount of polyethylene to achieve the same stiffness performance. Installation costs are 
much lower for SRPE pipe because it is so much lighter than other options. The reduction of pipe 
weights is up to 90% compared to concrete and cast iron, and up to 30-40% compared to 
non-reinforced structured wall plastic pipes. 
 

  

 
 
  



SRPE Pipe Typical Applications 
 
Currently SRPE pipe technology is being applied in many countries besides China. Countries using 
the SRPE pipe technology include Japan, Italy, Russia, Israel, Turkey, USA, Canada, Thailand, 
Serbia, Romania, Ukraine, Azerbaijan… The various applications include: 
 
1. Large diameter sewerage and drainage pipe system 

SRPE pipe shows many advantages when it is compared with other large diameter traditional 
civil sewerage pipe systems like concrete pipe, casting pipe and plastic pipe without 
reinforcement. The steel reinforcement allows the pipe to reach higher values of ring 
stiffness while pipe weights are reduced significantly. This has the benefit of bigger diameter, 
faster installation and lower ditching costs. SRPE pipe has therefore become one of the ideal 
sewer and drainage pipe solutions. There are many SRPE pipe projects in China which have 
been done since 2004. Japan and Israel started the usage of SRPE pipe earlier than China 
with installations starting in 1995，they are still in service till now. These long term 
commercial applications demonstrate that the structure of the SRPE pipe is highly reliable. 

 

 

 



2. Stormwater drainage pipe system 
Large diameter SRPE pipe can provide cities greater ability to drain surface water runoff from 
heavy rainfalls. So as city areas and populations grow, the city planners are considering using 
larger and larger stormwater drain pipes. Traditional drainage pipes have some limitations 
when the size gets too big, but this innovative composite pipe provides a new solution. Due 
to the steel reinforced structure, the SRPE pipe can achieve high stiffness (> SN8) even on 
large diameters up to 3000mm.  
 

 

  

 
3. Rainwater collection 

In some dry areas, perforated pipe is used to collect rainwater. The rainwater goes inside the 
pipe through the holes or slitting on the reinforced pipe, and then the water will be collected 
by the pipe and transported to water storage. The drilling and slitting are made only on the 
plastic wall, not on the steel and it has no effect on the reinforced pipe structure. Thus SRPE 
pipe is an ideal selection for this application. 
 
For areas needing to drain water rapidly, such as parking lots, sports fields, airport 
foundation and other commercial places, buried SRPE pipe has shown good performance and 
there are now many demonstrated applications. 
 

 



 
 

4. Water collection system and wastewater treatment plant 
Another useful application of steel reinforced pipe is on water treatment stations and 
wastewater plants. 
 

 
 

There is a reference in Turkey for a hydraulic dam project where the SRPE pipe was used for 
branch pipes and venting. 

 
 

5. Water storage tank 
The high strength, large diameter SRPE pipe reinforced by steel is a very good material for 
making water storage tanks. There are a number of projects finished in China and Thailand. 

 

  



 
 

6. Low pressure irrigation pipe for agricultural 
Agricultural water delivery systems need an economic solution for low pressure large 
diameter pipe (2-4 bar). Solid wall polyethylene pipe can be used in this application, but due 
to the high pipe cost it is not typically employed for large agricultural areas. SRPE pipe may 
provide a new solution for these irrigation pipe systems. Currently, SRPE pipe with a thicker 
wall to withstand the internal pressures is under development for this application and 
reliable pipe connections for this low pressure pipe are in testing. 
 

  

 

  

 
7. Culvert 

Culverts are structures that allow water to flow under a road, railroad track, trail, or 
similar obstruction from one side to the other side. Typically embedded so as to be 
surrounded by soil, a culvert may be made from steel or plastic pipe, reinforced 
concrete or other material. SRPE pipe is an excellent choice for use in culverts as it 
has higher corrosion resistance than steel, higher erosion resistance, lower weight 
and lower installation cost than concrete and lower weight, lower cost and higher 
stiffness than plastic pipe without steel reinforcing. It was just introduced in the US this 
year and is being well received. It offers all of the benefits of plastic pipe plus the 
strength of steel. 



  

  
 
 
SRPE Pipe Production Standards 
Various production standards have been developed and adopted for SRPE pipe. The following 
represent some of the key standards: 
 
ASTM F2435-15 (USA) 
Standard Specification for Steel Reinforced Polyethylene (PE) Corrugated Pipe 
 
CJ_T 225-2011 (China) 
Metal Reinforced Polyethylene (PE) Spiral Corrugated Pipe for Underground Sewer 
 
SII458 (Israel) 
Structure Wall Pipe of Steel Reinforced Polyethylene for Underground Drainage of Rain Water 
 
UNI 11434 (Italy) 
Steel Reinforced Spirally Formed Polyethylene Pipes for None Pressure Underground Drainage 
and Sewerage 
 
CSA B182.14-15 (Canada) 
Profile Steel Reinforced Polyethylene (SRPE) Storm Sewer Pipe and Fittings 
 
A number of new standards either institute or refer to ASTM standards or follow other of the 
published standards. 
 
These standards have some differences in the regulations for pipe production, so the pipe maker 
should understand these differences in the pipe specifications and testing methods clearly.  
 
When compared with other standards, ASTM has different inner and outer pipe diameter 
regulations. ASTM has three specification tables for SRPE for single wall and double wall 
corrugated pipe which are included below: 



 

 

ASTM F2435-15 Pipe Specification 
 

ASTM Table 1 includes pipe nominal diameter from 8 inch (200mm) up to 80 inch (2000mm), and 
ASTM Tables 2 & 3 cover pipe up to 60 inch (1500mm). ASTM does not cover all current pipe 
diameters such as DN500 which is not in the tables and only goes up to DN1500 for type III and 
type IV. Producing pipe diameters not in the table will require working with ASTM to get them 
approved if you want ASTM compliant SRPE pipe or producing non-ASTM approved pipe.  
 
A key difference from most other standards, is that ASTM specifies both the inner diameter and 
outer diameter. This is a very special regulation that means the steel profile rib height is limited 
by the standard. The ASTM profile height is taller than that specified in CJ_T 225 while the pitch 
of ASTM (also specified) is tighter than CJ_T 225. The reason for this difference may be that the 
ASTM specification was developed based on older SRPE pipe production technology. The latest 
SRPE machine technology provides a stronger steel forming capability, thus it can handle thicker 
and harder steel bands than was possible previously. For example, the latest steel forming system 
can process 1.5-1.6mm steel strip, so the profile height can be reduced but still offer high ring 
stiffness. The higher profile with thinner steel required by ASTM gives the pipe good stiffness but 
it makes the pipe outer diameter larger, which results in a higher cost of production and 
increased trench costs. The latest SRPE manufacturing technology can produce pipe that meets 
key specifications of the ASTM (inner diameter and stiffness) but smaller outside diameter and 
larger pitch for lower pipe costs. It can of course meet all of the ASTM specifications but this 
would not take advantage of the latest technology. 



 
Chinese standard CJ_T 225-2011 covers pipe diameters up to DN2600 (the current largest SRPE 
pipe inner diameter is 3000mm), Canadian standard CSA B182.14-15 up to DN3000, and Italian 
standard UNI 11434 (012012) up to DN2500. For diameters larger than 1500mm, following one of 
these standards is more suitable than ASTM. Since these standards do not specify the inner and 
outer diameter together, it is possible to take advantage of the latest technology and make pipe 
that is stronger but smaller in outer diameter. 
 
The waterway wall thickness specified on ASTM Table 1 of F2435 -15 is thicker when compared 
with ASTM Table 2, ASTM Table 3 and other standards. This table is not suitable for non-pressure 
sewerage pipe systems, but serves as a reference for low pressure irrigation pipe used in 
agricultural applications such as those used in Thailand and other locations. 
 

 
Chinese CJ_T 225-2011 Pipe Specification 

 

 
Canadian CSA B182.14-15 Pipe Specification 

 



 
Italian UNI 11434 (012012) Pipe Specification 

 
In CSA B182.14-15, pipe ring stiffness is determined by the ASTM D2412 method with the 
compression set as 5%. This is different from the method in ISO 9969 which uses 3% compression. 
The ring stiffness determined by the two methods is not an exact equavilent and their 
relationship is explained below. 
 
The pipe stiffness test methods defined by ASTM 2412 and ISO 9969 are as follow. 
ISO 9969 Thermo Plastics Pipes Determination of Ring Stiffness 
ASTM D 2412   Standard Test Method for Determination of External Loading Characteristics of 

Plastic Pipe by Parallel Plate Loading 
 
The ASTM 2412 stiffness definition is           , while ISO9969 calculation formula is          
The convertion between ISO 9969 and ASTM 2412 is as following: 
 
 
 
So if we look at the pipe stiffness in ASTM F2435 technical sheet, the equival ring stiffness in ISO 
standard are shown on the following table. 
 
40 psi = 0.28 MPa = 280 KN/m2, 280 X 0.0186 = 5.2 KN/m2 = SN 5.2 
50 psi = 0.35 MPa = 350 KN/m2, 350 X 0.0186 = 6.5 KN/m2 = SN 6.5 
58 psi = 0.4 MPa = 400 KN/m2, 400 X 0.0186 = 7.45 KN/m2 = SN 7.45 
 
CSA, ASTM and ISO specifications all include a a pipe compression strength test. In CSA B182.14 
the pipe must be able to be compressed by 20% from its original internal vertical diameter 
without failure. ISO 9969 and ASTM have similar tests, but at 30% compression and 40% 
compression respectively. 
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A creep test may also be required to evaluate the pipe service lifetime. Polyplastic Group (Russia) 
conducted a creep test for SRPE pipe DN 1200 (SN16) in accordance with ISO 9967 under a load 
of 820 kg (see below). This test produced an initial deformation of 19 mm. The results obtained 
indicate less than 2.5% of total deformation extrapolated to 2 years (fig.2). The creep ratio of the 
tested sample is 1.35 which is significantly lower in comparison with PE and PP and even less 
than the creep ratio of PVC pipes, which are equal to 4 (PE & PP) and 2.5 (PVC) respectively in 
accordance with ISO 21138. 

 
Fig. 2. Creep test of SRPE DN/ID 1200 SN 16 

 

SRPE Pipe Performance Test 
In order to evaluate SRPE pipe resistance to outside load, a laboratory soil box test was 
developed in China. This sand box test was designed by Huachuang Tianyuan Industrial 
Developing Co., Ltd. (HTIDC), based on the method “The Design of Buried Thermoplastics Pipe” 
which was published by TEPPFA (European Thermoplastics pipe and fitting association) and APME 
(Association of Plastics Manufactures in Europe) in 1999. This test can simulate and analyze the 
pipe stress in real underground situations. 

 

The sand box test project was started in August of 2014 at the HTIDC Soil Laboratory, to establish 
a buried pipe simulation system. The equipment consists of three sections: cast iron sand box, 
hydraulic compression system and pressure control system. Different soil and backfill material can 
be loaded into the iron box, and then the hydraulic system applies a load from top of the pipe to 
simulate buried pipe conditions. The control system can adjust the hydraulic load to get data 
from different simulated buried depths and vehicle loads. 



  
Sand Box Test System Sketch 

 

 

   
Micro pulse displacement sensors are installed inside of the pipe to monitor and record the 
changes in diameter and evaluate pipe deformation.  



   
Stress impact on the inner wall of the pipe is checked by installing strain gauges. 

   
Soil pressure is measured and verified by a soil pressure meter. 

   
The hydraulic system provides a maximum pressure of 20MPa, which is equal to a buried 
underground depth of 40 meters. The relationship between buried depth and top pressure load 
is provided in the following table (Table 1). 

 
P1: Hydraulic cylinder set pressure, MPa            P2: Soil practical load, MPa 

T: Equivalent buried depth, Meter   

The results verified that the “Pipe-Soil Interaction” principle is still effective with large diameter 
SRPE pipe. Unlike rigid pipe, the buried flexible SRPE pipe can become deformed after installation, 



and this deformation will compact the soil around the pipe. The load on the pipe is a function of 
pipe strength and soil volume changing resistance together. The tests show that all of the backfill 
related test variables have a significant effect on pipe behavior and pipe performance is 
controlled by installation practices.  

 
According to the research on “The Design of Buried Thermoplastics Pipe” by TEPPFA and APME, 
the backfill quality is classified into three grades, WELL, MODERATE and NONE. The WELL backfill 
results in minimal pipe diameter deformation. The NONE backfill however, allows for higher pipe 
deformation (~3%) to occur without buckling failure in the first term (usually first two years after 
installation). After the first term the backfill is fully compacted (it reaches the WELL condition) 
and the system becomes stable with no further deformation occurring. In practice, the ideal 
condition of using WELL backfill in the field cannot always be achieved because it is both time 
consuming and expensive due to the soil compaction operation. So in most pipe installations, 
MODERATE backfill is used. 

 

SRPE pipe provide superior stiffness which 
allows for a long lifetime for buried pipe in 
conditions of less than ideal backfill. With SRPE, 
poor native soils and a wide range of low cost 
materials can be used as backfill. This 
eliminates the need for high grade filling 
materials like fine sand, coarse sand, clay and 
silty clay while also reducing soil compaction 
density requirements. Thus the use of SRPE 
pipe yields significant cost benefits for 
customers compared to alternative products. 

 

The HTIDC Soil Laboratory conducted various SRPE pipe sand box tests from August of 2014 until 
the end of 2015. High performance SRPE pipes with ring stiffnesses of SN10 and SN12.5 (ISO9969) 
were selected to make the comparison tests. Popular pipe sizes included in the testing were 
DN800, DN1000, DN1200, DN1500 and DN2200. 

   
 



The results show that the SRPE pipe can 
alternative non-rigid/flexible 
under a hydraulic pressure of 
depth), and a 5% deformation
depth). When the load was increased to 

Pressure 

(MPa) 

Depth 

(m) 

Y1 

Def Value 

Y1 

% 

Y2

Def Value

1 2.15 1 0.10 1

2 4.28 3 0.30 3

3 6.43 7 0.70 8

4 8.55 12 1.20 16

5 10.68 19 1.91 24

5.5 11.76 22 2.21 29

6 12.83 26 2.61 34

6.5 13.91 31 3.11 40

7 14.98 34 3.41 43

7.5 16.06 36 3.61 46

8 17.13 38 3.81 49

9 19.25 46 4.61 59

10 21.38 55 5.52 67

15 32.05 95 9.53 110

17 36.33 118 11.84 134

 

According to Chinese SRPE pipe technical specification 
deformation value can be calculated from the following formula:

Wd,max  is the pipe diameter deformation in vertical

HS is the soil depth from the pipe top

The initial soil compaction density is >85%.

  
show that the SRPE pipe can withstand higher loads from the 

 products. In the test, DN1000 SN12.5 pipe has a 
pressure of 5.5MPa (Soil internal pressure 0.23MPa, equal to 

deformation under 8Mpa (Soil internal pressure 0.10MPa, equal to 1
increased to 17MPa, the pipe started buckling and fail

Y2 

Def Value 

Y2 

% 

Y3 

Def Value 

Y3 

% 

1 0.10 0 0.00 

3 0.30 3 0.30 

8 0.80 7 0.70 

16 1.60 13 1.31 

24 2.41 20 2.01 

29 2.91 24 2.41 

34 3.41 29 2.91 

40 4.01 35 3.52 

43 4.31 38 3.82 

46 4.61 41 4.12 

49 4.91 43 4.32 

59 5.92 53 5.33 

67 6.72 62 6.23 

110 11.03 109 10.95 

134 13.44 133 13.37 

Chinese SRPE pipe technical specification CECS223: 2007, the buried pipe 
deformation value can be calculated from the following formula: 

                   
is the pipe diameter deformation in vertical 

is the soil depth from the pipe top. 

initial soil compaction density is >85%. 

 
the top than other 

a 3% deformation 
equal to 12m buried 

equal to 17m buried 
, the pipe started buckling and failed.  

, the buried pipe 



 

We can see an interesting result from the test 
data in that the calculated deformation and the 
measured test deformation deviated. The 
calculation shows a 3% deformation under a 
hydraulic pressure P1=1.5MPa equivalent to a 
depth of 3.22m. However in testing, 3% 
deformation did not occur until the hydraulic 
pressure reached P1=5.5 Mpa corresponding to 
a depth of 11.76m. Similarly for 5% 
deformation, there is a deviation between the 
calculated result and the test result, with 
P1=2Mpa as the calculated result and P1=8Mpa 
the measured result. The reason for these 
deviations may be as follows: 

1) The test pressure holding time is not long 
enough. 

2) The test was made in winter, so frozen soil 
may have provided additional resistance 
against higher loads 

3) The factor used in the calculation for soil 
compaction density may not be 
representative of the real compaction 
density. When we use 95% compaction, the 
theoretical calculated value is close to the 
measured test data. This result shows that 
the load on buried flexible pipe is a strong 
function of soil compaction density.  

 

 
 

 
     Before               1 MPa                3MPa             4MPa 

 
     5 MPa               6 MPa              7 MPa 
The above are views inside of the pipe at increasing soil pressures. As can be seen the pipe 
reached 3% vertical deformation, but was still stable. 

 

 

P1 

(MPa) 

D 

(m) 

Qsvk 

(KN/m2) 

Wd1 

(mm) 

Wd1 

(%) 

Wd2 

(mm) 

Wd2 

(%) 

0.5 1.08 21.6 11.99 1.20 0 0.00 

1 2.15 43 23.87 2.40 1 0.10 

1.5 3.22 64.4 35.74 3.59 2 0.20 

2 4.28 85.6 47.51 4.77 3 0.30 

2.5 5.36 107.2 59.50 5.97 6 0.60 

3 6.43 128.6 71.37 7.17 8 0.80 

3.5 7.49 149.8 83.14 8.35 12 1.20 

4 8.55 171 94.91 9.53 16 1.60 

4.5 9.62 192.4 106.78 10.72 20 2.01 

5 10.68 213.6 118.55 11.90 24 2.41 

5.5 11.76 235.2 130.54 13.11 29 2.91 

6 12.83 256.6 142.41 14.30 34 3.41 

6.5 13.91 278.2 154.40 15.50 40 4.01 

7 14.98 299.6 166.28 16.69 43 4.31 

7.5 16.06 321.2 178.27 17.90 46 4.61 

8 17.13 342.6 190.14 19.09 49 4.91 

P1: Hydraulic Pressure       D: Equivalent Buried Soil Depth 

Qsvk: Pipe Top Soil Pressure 

Wd1: Calculating deformation  Wd1%: Calculating deformation 

Wd2: Real deformation        Wd2%: Real deformation rate 



 
        8 MPa               9 MPa              11 MPa             13 MPa 

When the hydraulic pressure was raised to 8MPa on the top of the pipe, buckling started to 
appear at the 11 o’clock position. 

  
                15 MPa                                17 MPa 

Under a hydraulic pressure of 17 MPa, equivalent to a soil load 726 KN/m2, buckling failure 
occured. 

The results validate the principle of “Pipe-Soil Interaction”. Buried flexible pipes interacting with 
the surrounding soil can withstand high loads when the WELL condition (high compaction) for 
backfill is achieved on the top and sides. Higher stiffness pipe allows for lower compaction 
density (MODERATE or NONE) during installation while still being able to withstand these same 
loads. Soil compaction will increase over time while under a period of loading on pipe. If the pipe 
does not have adequate stiffness, it may buckle and fail before the soil is WELL compacted and 
never reach the ideal long time stable stage. So having good stiffness properties is important for 
buried pipe installations to reduce backfill material quality, compaction rate and installation 
costs. 

 

The data (3% deformation, 5% deformation and buckling failure) for DN1500 is 5MPa (11m), 
6.5MPa (14m) and 13MPa (27m), while for DN2200 pipe is 6.5MPa, 7.5MPa and 8.5MPa. 



 

 

 
 

DN1500, SN12.5 
 
 
 
 
 

 
DN2200, SN10 

 
 
 

SRPE pipe show good load resistance performance in the simulated environmental testing. 
Proper pipe ring stiffness can make pipe installation easier and lower the costs of trenching, 
bedding, compacting and backfilling. 

 
Conclusion 
Due to the innovative steel reinforced structure of spiral corrugated pipe, SRPE pipe has 
enhanced characteristics and advantages in comparison with other pipes made from traditional 
materials, such as concrete, cast iron etc. as well as from plastics.  

 

There are many applications for SRPE pipe in practice at the moment. More applications will be 
created to satisfy the various demands from customers. However, SRPE pipe has only a 12 year 
history from its commercial introduction, so for these additional as yet undemonstrated 
applications, there are still some parts under development and areas needing to be addressed. 
Pipe producers and pipe machine developers should work hard to continue improving SRPE pipe 
technology and insure it reaches its full potential. 

 
 

Pressure 

(MPa) 

Depth 

(m) 

Y1 

Def Value 

Y1 

% 

Y2 

Def Value 

Y2 

% 

Y3 

Def Value 

Y3 

% 

3 6.43 11 0.74 10 0.68 3 0.20 

4 8.55 30 2.03 20 1.35 17 1.15 

5 10.68 50 3.38 35 2.36 23 1.55 

6 12.83 58 3.92 44 2.97 35 2.36 

6.5 13.91 73 4.93 53 3.58 42 2.83 

7 14.98 82 5.54 60 4.05 46 3.10 

10 21.38 131 8.85 105 7.09 100 6.74 

12 25.63 161 10.88 123 8.31 123 8.29 

13 27.78 177 11.96 133 8.99 135 9.10 

13.5 28.86 181 12.23 135 9.12 138 9.31 

Pressure 

(MPa) 

Depth 

(m) 

Y1 

Def Value 

Y1 

% 

Y2 

Def Value 

Y2 

% 

Y3 

Def Value 

Y3 

% 
3 6.43 11 0.50 14 0.63 7 0.32 

3.5 7.49 13 0.59 15 0.68 9 0.41 
4 8.55 16 0.72 18 0.81 12 0.54 

4.5 9.62 31 1.40 28 1.26 27 1.22 
5 10.68 38 1.72 40 1.80 34 1.54 

5.5 11.76 46 2.08 43 1.94 42 1.90 
6 12.83 52 2.35 48 2.16 49 2.22 

6.5 13.91 65 2.94 66 2.98 60 2.71 
7 14.98 83 3.75 82 3.70 80 3.62 

7.5 16.06 106 4.79 99 4.46 96 4.34 
8 17.13 126 5.70 118 5.32 110 4.97 

8.5 18.19 159 7.19 145 6.54 128 5.79 
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