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Rainfall intensity and distribution has a great effect on soil erosion. In this 
study, a portable perforated steel tray is developed and calibrated to 
simulate artificial rainfall which can be used for investigation of soil 
erosion under a certain rainfall.The simulator’s performance was 
compared with available tray and drip-type simulators as well as the 
natural rainfall. This is a drip-type simulator with the capacity of 
producing storms of up to 188 mm/h within 10 minutes. The higher value 
of D50 (4.18 mm) of the rainfall simulator than the value of D50 (3.25 mm) 
of natural rainfall indicates greater drop size distribution. The relatively 
lower height of the simulator to achieve the terminal velocity of natural 
rainfall was partially compensated by the greater drop size distribution. 
Fixing the perforated steel tray 3.3 m above ground surface generate a 
drop velocity of 4.2 m/s.The drop size distribution (D50) was estimated 
using Flour Pellet Method. Christiansen’s Uniformity (CU) Coefficient 
(86.2998% and 86.3143% for separate two runs) was determined for 
evaluation of Spatial Variability. Based on parameters such as raindrop 
size distribution, rain accumulation rate, spatial variability of rainfall and 
drop velocity, the simulator performs satisfactorily.  

 
Keywords:Rainfall Simulator, Perforated Tray, Rainfall Intensity, Drop Size Distribution, 
Drop Velocity, Flour Pellet Method, Spatial Variability, Christiansen’s Uniformity (CU) 
Coefficient 
 
Name of the Track: Civil Engineering 
 

1. Introduction 
 
The analysis of slope stability using limit equilibrium technique has caught the attention 
of researchers since the inception of geotechnical engineering due to the inherent 
simplicity in understanding. The strength rather than strain parameters is significant in 
analyzing the stability of a geotechnical structure (Jadid et al. 2018).  
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As such, determination of soil parameters with substantial accuracy has immense 
importance in understanding the behavior of soil subjected to a particular set of stress 
condition. Subsequently, development of an artificial rainfall simulator for accurate 
measurement of soil parameters were prime objective in the present investigation. In 
general, a homogeneous slope under rainfall conditions is prone to suffer from surface 
erosion orshallow landslides (Islam 2018). Natural Rainfall related phenomena like 
slope wash, slope erosion, landslides (Islam et al, 2017a), river bank erosion (Islam et 
al, 2016a) etc are evaluated using Artificial rainfall simulation. This simulation technique 
is useful for checking the durability of earthen houses (Islam et al. 2016b, Islam et al. 
2016c) and preparation of artificial homogenous soft clay samples for investigating the 
strength and compressibility as well (Shahriar 2015, Shahriar et al. 2016,Shahriarand 
Jadid 2018, Shahriar et al. 2018). Rainfall has significant effect on decrease in shear 
strength of soil (Islam et al. 2017b).  For designing geotechnical structures like retaining 
wall, sheet pile, cofferdams, pile foundation etc. change of pore water pressure due to 
rainfall have been considered all around the world (Islam et al. 2016). 
 
A “Drip-Type” portable perforated steel tray rainfall simulator is chosen in this study as it 
is simple to design, movable and requires simple water supply connection system. It is 
usable in adverse environmental condition, where mechanical water supply system and 
complex experimental setup hinder the use of conventional nozzle type rainfall 
simulators. Experiment was conducted in Bangladesh University of Engineering and 
Technology (BUET) campus, Dhaka (23.7280 N, 90.39240 E), in November-December 
period when winter season mainly governs in Bangladesh (Humidity Variation: 
38%~90%, Temperature Variation: 17~28 degree Celsius). Various rainfall parameters 
like rain drop size distribution, spatial variability, drop velocity and rain accumulation 
rate were measured to compare this artificial rainfall simulation with the natural rainfall. 
Flour Pellet Method was used to estimate the raindrop size distribution and spatial 
variability was measured in a completely random pattern of containers.This study is 
different from pertinent literatures in the sense that though there are numeral drip type 
rainfall simulators, our study provides a very simplified method for simulating rainfall still 
maintaining good accuracy with respect to corresponding properties of natural rainfall. 
 
This paper is organized as follows: Section 1 deals with Introduction and Section 2 
focuses on Literature Review. Rainfall simulator design is explained in Section 3; 
Section 4 describes Operation of the simulator; Section 5 deals with Performance 
evaluation; Spatial variability of the rainfall simulator is described in Section 6 and lastly 
Section 7 deals with the Conclusions. 
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2. Literature Review 
 
To create artificial environment for rainfall research, rainfall simulators have been a 
widely used research tool. (Ellison and Pomerene,1944; Mutchler and 
Hermsmeier,1965; Moldenhauer,1979). Laboratory environment can reduce the effe
of humidity, temperature, wind and other variables according to need and replicate the 
experiments later and thus providing better control. (Bubenzerand Meyer,1965). Better 
experimental control allows specific processes to be observed in isolation (Cla
Walsh,2007). The simulators are used for small spatial scale (Bryan and De 
Ploey,1983). Though large scale simulators are available (Moore et al,1983), they are 
not portable and difficult to use in field experiments in remote areas. Riezebos and 
Epema (1985) used Splash Cups with their simulator to collect rainwater. Rainfall 
simulators can be classified in two categories mainly, Pressurized and Non
(Clarke and Walsh,2007). Pressurized simulators use nozzles to initiate flow (Imeson 
1977). The nozzle is turned upward to create an arc of water so that droplets can reach 
zero velocity before gaining velocity again (Bowyer
pulsed the constant high rate of flow from the nozzle to get required rainfall inten
Drop formers are sometimes used instead of nozzles like soaked woolen threads 
(Woodburn,1948), glass capillaries (McIntyre,1958), silicone rubber tube (Poesen and 
Savat,1981) and hypodermic needles (Farres,1987) to allow the droplets to gain 
momentum using gravitational acceleration. Clarke and Walsh (2007) used a portable 
drip type simulator and used large median drop size to compensate for the reduction in 
drop velocity. Portable simulators generally produce much larger drops than reported for 
natural rain in arid and semi
worked on upgrading portable rainfall simulator so that drop size distribution data from 
simulators resemble natural rainfall event more closely. Bowyer
compared data from capillary tubing drip type simulator and Spray type nozzle 
simulator. Abudiet. al. (2012) collected rainfall in plastic cans and used Christiansen 
Coefficient to estimate the uniformity of rainfall application. 
 

Figure 1: Satellite Image of the Location from Google Maps
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Among early raindrop measurement techniques which were manual, Stain Method 
(Bowen and Davidson,1951), Flour Pellet Method (Bently,1904), Oil Immersion Method 
(Fuchs and Petrjanoff,1937) and Photographic Methods (Abudi et. al.,2012) are notable. 
Due to technological advancements, automated methods like Acoustic Disdrometers, 
Displacement Disdrometers, Optical Disdrometers, Optical Spectro Pluviometer (Salles 
and Poesen, 1999), Optical Imaging are now being used for greater accuracy 
(Kathiravelu et. al., 2016). Adopting a computation-based technique, Chowdhury et al. 
(2018) used polynomial surface fitting to correlate three different soil parameters as 
variables in a single equation.Moreover, a mathematical model of double order equation 
has been used by Chowdhury et al. (2017) and Chowdhury et al. (2018) to evaluate the 
river training work of Padma river, Bangladesh. 
 
Bently (1904) first worked with the flour pellet method to determine raindrop size 
distribution. The drop size distribution is affected by compaction of flour and sample size 
(Kohl,1974). Hudson (1963) used a tray for flour sampling while Carter et. al., (1974) 
used a circular pan of 31 cm diameter and 1.6 cm deep flour. Ogunye and Boussabaine 
(2002) used 1 second as exposure time to rainfall. Brief exposure time (1-2 seconds) 
ensures that no duplication of drop count happens (Regmi and Thompson,2000; Júnior 
and Siqueira,2011; Lascelles et. al.,2000). According to Kohl (1974), perimeter of the 
collection tray should be avoided, and test area should be restricted to the center of the 
collection tray to get rid of splash effect. After rainfall event on the flour sample, pellets 
that formed were dried at an ambient temperature (28-30 degree Celsius) 
(Hudson,1963). The pellets were put through sieve analysis to determine drop size 
distribution. (Miguntanna,2009; Egodawatta,2007; Navas et. al.,1990). Parsakhooet. al. 
(2012) used a ruler to measure pellet size. Arnaezet. al. (2007) used digital image 
analysis to get the pellet size more accurately. Clarke and Walsh (2007) divided the 
sieve analyzed pellets into seven size classes. Laws and Parson (1943) determined a 
mass ratio to convert mean pellet mass of each class to mean drop mass. Hudson 
(1971) chose mean drop diameter (D50) as the best drop size distribution index. 
According to Clarke and Walsh (2007), diameter of rain gauze affects the drop size 
distribution. Payne (2001) simulated rainfall using flour pellet method. Clarke and Walsh 
(2007) compared the data of two natural storm data of two different intensities with their 
simulator data. In this experiment, a perforated steel tray rainfall simulator, which is 
portable in nature, is designed, operated and its performance is evaluated. 
 

3. Rainfall Simulator Design 
 
Perforated Tray 
 
This drip-type artificial rainfall simulator includes a 1.11 m2 (1.22m×0.91m) (Figure 2) 
rectangular tray made of mild steel with a pipe supply based water connection system. It 
is capable of simulating any artificial rainfall on a structure (physical model) having an 
area equal or less than 1.11 m2. From length and width size each, a space of 0.152 m 
was left out because of further components’ use or other accidental purposes. A 50 mm 
high steel boundary was provided around the perforated tray to maintain a constant 
depth of water on the tray (Figure 3). As per the design, 2 mm pore opening is used in 
the tray having a center to center spacing of 25 mm. On a rectangular grid of 
1.07m×0.762m, 1305 pore openings were created using a hand drill machine having 2 
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mm drills. The whole perforated t
located very clearly while the final
maintained in an equal size in both the inner and outer part of tray/drill. In spite of 
having pore openings of almost equal 
with the horizontal. The tray was penetrated through a hollow section of a railing of the 
1st floor (height 3.3 m with hollow portion of the railing) of the building holding it 
horizontally. 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: 1.22m×0.91m Rectangular Perforated Tray with 50mm Steel 

Figure 2:Schematic Diagram of the Perforated Tray Rainfall Simulator
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mm drills. The whole perforated tray was punched at first so that the pores can be 
located very clearly while the final drilling takes place. The pore diameter was 
maintained in an equal size in both the inner and outer part of tray/drill. In spite of 
having pore openings of almost equal size, the tray must be kept completely at level 
with the horizontal. The tray was penetrated through a hollow section of a railing of the 

floor (height 3.3 m with hollow portion of the railing) of the building holding it 

 

0.91m Rectangular Perforated Tray with 50mm Steel 
Boundary in all sides 

Schematic Diagram of the Perforated Tray Rainfall Simulator
(Dimesnsions are in mm) 
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ray was punched at first so that the pores can be 
drilling takes place. The pore diameter was 

maintained in an equal size in both the inner and outer part of tray/drill. In spite of 
size, the tray must be kept completely at level 

with the horizontal. The tray was penetrated through a hollow section of a railing of the 
floor (height 3.3 m with hollow portion of the railing) of the building holding it 

0.91m Rectangular Perforated Tray with 50mm Steel  

Schematic Diagram of the Perforated Tray Rainfall Simulator 
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Height of the Rainfall Simulator
 
Rain drops don’t fall freely but with a terminal velocity in the ground due to air 
(Gunn and Kinzer, 1949). For an artificial rainfall simulator, it is essential to achieve that 
terminal velocity of rainfall within the limitation of very short height 
But in case of most drip-type field simulators, rain drops hit the ground with relatively 
much lower velocity than the terminal velocity (Cerda et al., 1997; Laws and Parsons, 
1943). In this case, the perforated tray was set up at 3

Figure 4:Approximate Estimation of Falling Height to 

Figure 5: Falling Rain Drops 
from Different Five Floors
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:Approximate Estimation of Falling Height to Achieve the Terminal 
Velocity of 2 mm Rain Drops 

Rain Drops 
rom Different Five Floors 

Figure 6: Setting up the Perforated Tray 
on the Height of 3.3 m from the 
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Rain drops don’t fall freely but with a terminal velocity in the ground due to air drag 
Gunn and Kinzer, 1949). For an artificial rainfall simulator, it is essential to achieve that 

of the perforated tray. 
type field simulators, rain drops hit the ground with relatively 

much lower velocity than the terminal velocity (Cerda et al., 1997; Laws and Parsons, 
.3m above the ground surface 

eve the Terminal 

Setting up the Perforated Tray 
3.3 m from the Ground 
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This height was fixed by velocity calibration of known (2 mm diameter) rain drop size 
using a hypodermic needle (Figure 4) capable of producing 2 mm drop size, making the 
drops fall from five different heights (6.38 m, 10.03 m, 13.69 m, 17.35 m and 21 m) 
(Figure 5). This was repeated for five different days with different humidity (38%, 47%, 
55%, 71%, 90% respectively), temperature (28, 28, 26, 21 and 17 degrees Celsius 
respectively) and time duration (3PM~3:20PM, 2PM~2:20PM, 11AM~11:20AM, 
9AM~9:40AM and 7AM~7:20AM respectively) of the day. Drop velocity was measured 
from the time required for the drop to hit the ground after its departure from the needle. 
Air drag was also considered. 
 
Rain drops attained approximately (there may be fractional second variation) 4.2m/s 
drop velocity while hitting the bottom ground, attaining 46.67% of the terminal velocity 
(Terminal velocity of rain drops of 4.1mm is 9m/s, Laws, 1941). West L.A. et al (2016) 
used a rainfall height of 3.05m for a spray type nozzle rainfall simulator. Clarke and 
Walsh (2007) set the droplet box at a height of 1.35m with a mesh droplet randomizer 
(reducing the height to 0.85m) to attain a drop velocity of 3.7m/s. 
 

4. Operation of the Simulator 
 
The perforated tray is levelled, and water is supplied through a pipe of 12.5 mm 
diameter at 0.0004 m3/s flow rate. Polythene sheets were used to cover the tray until 
the water depth reached 1 cm above the tray bottom surface. Then the water depth in 
the tray was maintained 1 cm constantly throughout the whole rainfall simulation period 
in order to ensure constant pressure. 
 

5. Performance Evaluation 
 
Rain Drop Size Distribution 
 
The rain drop size distribution in this experiment is estimated using Flour pellet method 
(Figure 7). The flour used here was at first oven dried at 103~105 degree Celsius to 
eradicate any extra moisture content. It was then calibrated with 29 drops (Figure 8) of 
known diameter (2mm) water drops, where after the oven drying, drops show an 
average diameter of 1.89 mm (94.5% shrinkage due to flour).  
 
Using a wooden roller, flour was compacted to remove the air voids present inside. 
Then three separate flour samples were prepared to collect the raindrops from running 
perforated tray rainfall simulator. Each module was exposed to the artificial rainfall for 
only 1-2 seconds to avoid any overlapping of raindrops. Total 269 drops for Sample 1, 
254 drops for Sample 2 and 210 drops for Sample 3 ,of different drop sizes, were 
collected after running the simulator. Flour pellet sizes were estimated from the Sieve 
Analysis result (ASTM D422-63 R02) using No. 4, No. 8, No. 16 and No. 30 U.S. 
Standard Sieves (Figure 10). Other sieves were not accepted as no accumulation of 
pellets occurred there. 
 
Observed rain drop accumulation (Table 1) indicates that most of rain drops were 
accumulated in the 4.75~2.38 mm and 2.38~1.19 mm range (considering 94.5% 
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shrinkage due to flour after calibration), for all three samples. From the Cumulative Drop 
Size Distribution Curves (Figure
D50 was estimated (on average) 4.18 mm. The graph is obtained from plotting 
Cumulative Volume (determined from Percentage of Rain Mass in each size class) 
against Drop Diameter. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1: Rainfall Simulator 

Class 
(mm) 

Median 
Size 
(mm) 

>4.75 6.38 

4.75~2.38 3.08 

2.38~1.19 1.82 

1.19~0.6 0.95 
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Sample 1 

Median 
 
 

Mass of One 
Drop (mg) 

Number of 
Drops 

Total Mass 
(mg) 

 156.522 23 3600 

 19.820 111 2200 

 10.538 93 980 

 7.143 42 300 

 
 

Sample 2 
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One 
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Figure 9: Rain Drop Collection in the Flour Sample (1), (2) and (3) 

(a) 

Figure 10: Flour Pellets (a) 
No. 8 and (c) No. 16 U.S. 

(1) 
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Sample 3 
Median 

 
 

Mass of One 
Drop (mg) 

Number of 
Drops 

Total Mass 
(mg) 

 115.385 26 3000 

 11.215 107 1200 

 20.444 45 920 

 9.375 32 300 

: Rain Drop Collection in the Flour Sample (1), (2) and (3) 
Artificial Rainfall 

(b) 

Figure 10: Flour Pellets (a) Just after the Collection, and then Accumulation on (b) 
No. 8 and (c) No. 16 U.S. Standard Sieves 

(2) 
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Raw natural rainfall data (Payne, 2001) of different two storms (mean storm intensities 
26 mm/h and 17 mm/h respectively) shows that for Storm 1 (26 mm/h) contained no rain 
drop greater than 4 mm diameter and Storm 2 contained over 40 percent of rain drops 
that were greater than 4mm. So, a median drop diameter, D
representative according to the natural rainfall, which is also greater than the D
mm) produced by Clarke and Walsh (2007). There were very little percentages of rain 
drops (14%~15%) reached sizes greater than 4.75 mm (less than the natural rainfall in 
Storm 2, 18%), may be due to the restriction of coalescence of rain drops resulting from 
low fall height (Brandt CJ, 1989).
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using Perforated Steel Tray Rainfall Simulator

Figure 11:(a) A 5 inch Diameter Rain Gauge with Funnel, (b) Collection of Rain 
Water and (c) A 100ml Calibrated Cylinder used inside the Rain gauge
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Raw natural rainfall data (Payne, 2001) of different two storms (mean storm intensities 
respectively) shows that for Storm 1 (26 mm/h) contained no rain 

drop greater than 4 mm diameter and Storm 2 contained over 40 percent of rain drops 
that were greater than 4mm. So, a median drop diameter, D50 of 4.18 mm (>4 mm) is 
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mm) produced by Clarke and Walsh (2007). There were very little percentages of rain 
drops (14%~15%) reached sizes greater than 4.75 mm (less than the natural rainfall in 
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Raw natural rainfall data (Payne, 2001) of different two storms (mean storm intensities 
respectively) shows that for Storm 1 (26 mm/h) contained no rain 

drop greater than 4 mm diameter and Storm 2 contained over 40 percent of rain drops 
of 4.18 mm (>4 mm) is 

to the natural rainfall, which is also greater than the D50 (4.15 
mm) produced by Clarke and Walsh (2007). There were very little percentages of rain 
drops (14%~15%) reached sizes greater than 4.75 mm (less than the natural rainfall in 

e due to the restriction of coalescence of rain drops resulting from 

10

ferent Three Samples 
using Perforated Steel Tray Rainfall Simulator 

(a) A 5 inch Diameter Rain Gauge with Funnel, (b) Collection of Rain 
Water and (c) A 100ml Calibrated Cylinder used inside the Rain gauge 

(c) 
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A 12.5 cm diameter rain gauge (Figure 11) with funnel and a calibrated 100 ml plastic 
cylinder inside it was used to measure the Rain accumulation rate. No rain went outside 
the funnel after the cylinder overflowed as it was being accumulated in the empty 
spaces of the rain gauge outside the plastic cylinder. The rain gauge was exposed to 
the artificial rainfall for one hour, accumulating rainfall of 188mm (Clarke and Walsh, 
2007, used rainfall intensities of 200 mm/h and 160 mm/h). It was also observed that 
the rainfall simulator achieves rainfall intensity of 188 mm/h within 10 minutes. 
 

6. Spatial Variability of the Rainfall Simulator 
 
The assessment of spatial variability was done using ten cups which were kept straight 
under the perforated tray in a completely random pattern. (Figure 13). Rain 
accumulation (in mm) for each cup was measured after 180 seconds of rainfall. The 
process was repeated using another completely different pattern of cups. For each run, 
Standard Deviation (SD) and Christiansen’s Uniformity Coefficient (CU) (Christiansen, 
1942) were calculated, where CU=(1-SD/Mean)×100. The results and calculations for 
two runs are tabulated in Table 2. 
 

Table 2: SpatialVariability ofRainfall usingthe Rainfall Simulator 
(Run-1 and Run-2) 

 

Cup 
Number 

Rainfall Accumulation 
(in mm) 

Mean 
Standard 
Deviation 

CU* (%) 

Run-1 Run-2 Run-1 Run-2 Run-1 Run-2 Run-1 Run-2 

1 4.499 4.489 

3.875 3.878 0.531 0.531 86.2998 86.3143 

2 3.789 3.673 

3 3.552 3.574 

4 3.71 3.724 

5 4.736 4.846 

6 3.394 3.386 

7 3.631 3.732 

8 3.315 3.322 

9 3.789 3.893 

10 4.341 4.143 

 
For separate two runs, CU was estimated as 86.2998% and 86.3143% which is very 
close to the estimated ones of Thomas and El Swaify (1989) (92% at 150 mm/h), Dunne 
et al., (1980) (CU ranging 80%~90% for 114 mm/h), Battany and Grismer (2000) (91.7% 
at 60 mm/h), Cerda et al., (1997) (93.3% at 55 mm/h), Clarke and Walsh (2007) 
(91.51% at 200 mm/h and 87.68% at 160 mm/h). 
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7. Conclusions 

7.1 New Addition to the Body of Knowledge
 
Because of the portable nature
and environmental condition with a sufficient height
not simplified to be portable enough to carry them out easily
 
7.2 Importance or Implication
 
The simulator performs satisfactorily in terms of rain drop size distribution 
variability (according to Christiansen’s Uniformity Coefficient), drop velocity (46.67% of 
the terminal velocity of natural rainfall) and rainfall accumulation rate (188 mm/h rainfall 
intensity within 10 minutes). Random pattern of collector cups was followed to assess 
the rainfall from the simulator in any position under the perforated tray. Results show 
that the rainfall pattern of the simulator depicted a uniform
86.2998% and 86.3143% Christiansen’s Uniformity Coefficient for separate two runs.

(a) 

(c) 

Figure 13: (a) Random Pattern of the Cups Run
Run-1(c) Random Pattern of the Cups Run
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Addition to the Body of Knowledge 

portable nature of this rainfall simulator, it can be used in any geological 
condition with a sufficient height where other rainfall simulators are 

to be portable enough to carry them out easily. 

Implication of Findings 

The simulator performs satisfactorily in terms of rain drop size distribution 
variability (according to Christiansen’s Uniformity Coefficient), drop velocity (46.67% of 
the terminal velocity of natural rainfall) and rainfall accumulation rate (188 mm/h rainfall 

Random pattern of collector cups was followed to assess 
the rainfall from the simulator in any position under the perforated tray. Results show 
that the rainfall pattern of the simulator depicted a uniform spatial nature attaining 

ristiansen’s Uniformity Coefficient for separate two runs.

(b) 

: (a) Random Pattern of the Cups Run-1, (b) Rainfall Accumulation of 
1(c) Random Pattern of the Cups Run-2, (d) Rainfall Accumulation of Run

(d) 
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, it can be used in any geological 
where other rainfall simulators are 

The simulator performs satisfactorily in terms of rain drop size distribution (D50), spatial 
variability (according to Christiansen’s Uniformity Coefficient), drop velocity (46.67% of 
the terminal velocity of natural rainfall) and rainfall accumulation rate (188 mm/h rainfall 

Random pattern of collector cups was followed to assess 
the rainfall from the simulator in any position under the perforated tray. Results show 

nature attaining 
ristiansen’s Uniformity Coefficient for separate two runs. As 

1, (b) Rainfall Accumulation of 
ulation of Run-2  
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the data analysis for this rainfall simulator shows acceptable results, it can be utilized to 
simulate artificial rainfall in events like soil erosion, splash assessment, slope failure etc. 
in future. 
 
7.3 Limitations of the Research 
 
In this study, accumulated rain drop fall was assumed as negligible whereas various 
rain drops fell down in an integrated form, totally different from its discrete property. 
Flour pellet method is a manual method for rain drop measurement which sometimes 
provides miscellaneous results deviated largely from the actual ones. For measuring the 
rain drop velocity, air drag was counted based on some experimental observations 
whereas analytical modeling of air drag could provide better assessment of it. 
 
7.4 Recommendation for Further Research 
 
To maintain the discrete property of each rain drop, silicon tube can be used in each 
perforation. In this study, steel has been used as the prime base material; any material 
cheaper than steel is highly encouraged to use to reduce cost though maintaining same 
or higher durability and service. 
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