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Accepted: 2023/04/14 transmission systems pipes is very important in the amount of
energy loss. Different concepts and methods have been used to
examine surface roughness. Some of these methods are based on
roughness measurement devices and equipment in this field.
Significant researches are done in surface roughness measuring in
steel, copper, plastic, or coated pipes.

Methods: In this study, the inner surface roughness of fiberglass
pipes, has been evaluated using laboratory methods and roughness
measuring devices in several diameters and two different types.
Calibration and verification results of the surface roughness tester
machine on sandpaper and U-PVC pipe wall surfaces are evaluated.
In addition, the effect of roughness parameters and their calculated
surface roughness and time using of fiberglass pipe have been
investigated.

Findings: According to the results, the roughness parameters Rz and
Ra in the cut length of 0.8 and 2.5 respectively are suitable
parameters to estimate the roughness of the inner surface of the
fiberglass tube. Also, the roughness of the inner surface of biaxial
tubes is lower than uniaxial tubes. In addition, in comparing the
roughness of newly produced and old fiberglass pipes, the surface
roughness parameters decrease due to the passage of time and the
use in projects. Whereas, the roughness parameters related to the
type of pipe have not changed.

Conclusion: Based on the results of the Surftest SJ-210 device has
best results with accuracy of the roughness height reported for
fiberglass pipes is equal to 98.84%. In U-PVC, similar to fiberglass
pipe, the average roughness values has been estimated with high
accuracy using the Ra with a cutting length of 2.5.
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Evaluation of internal surface roughness in fiberglass pipes by surface roughness instruments

Extended Abstract

Introduction

The evaluation of surface roughness is
challenging due to its many complexities. A
comprehensive  definition of surface
roughness entails not only measuring the
height of roughness, but also considering
factors such as distance, various surface
designs, materials, and manufacturing
methods, all of which contribute to
variations in surface roughness. Fiberglass
pipes, for instance, are known for their
smooth inner surfaces, which offer
advantages such as reduced energy loss and
resistance to flow. In the past, the roughness
of pipe surfaces and the resulting friction
loss were determined through hydraulic
tests, as there were no profilometric tools
available to measure the inner surface
roughness of pipes. However, advancements
in engineering equipment have led to the use
of various tools and methods for measuring
surface and pipe wall roughness. The
roughness of different types of pipes with
modern inner coatings was measured using
the Surface Profilometer and Roughness
Tester. Additionally, a precise evaluation of
the internal surface roughness was achieved
by atomic force microscope (AFM) 3D digital
images of the surface of a small sample of the
pipe with different internal coatings.

Materials and Methods

In this research, we investigate and study the
roughness of the inner surface of the
Fiberglass Glass Reinforced Plastic (GRP)
pipes of varying diameters using a
profilometric tool. To accurately assess the
inner surface roughness of fiberglass pipes,
a portable surface roughness tester was
utilized to verify the accuracy of this device,
the surface roughness of a reference piece
and a piece of No. 400 sandpaper was
measured using this device. Roughness tests
were conducted on fiberglass pipes, and
roughness and profilometry were measured
using a surface roughness tester (Surf test
SJ-210). Samples, 30 cm in length, were
taken from the walls of fiberglass pipes with
diameters of 20, 40, 150, 200, 300, 600, 800,
and 1000 mm in uniaxial type. Additionally,

samples with diameters of 200 and 800 mm
were prepared in the biaxial type.

Findings

Surface roughness profiles were generated
for each cutoff length across all diameters,
and roughness parameters were
subsequently calculated. The average
absolute roughness (g) values were then
estimated from these parameters. The Rz
parameters, with a cutting length of 0.8,
demonstrated relative accuracies of 98.84%
and 88.2% for all fiberglass and uniaxial
tubes, effectively estimating the average
roughness of the fiberglass tube. The
minimum calculated error and the most
accurate roughness of the inner surface of
fiberglass tubes with diameters less than
150 mm were associated with the Ra
roughness parameter at a cut length of 2.5,
while for larger diameters, it was more
closely related to the Raesg and Rt
parameters at a cut length of 0.8. Overall, the
results indicate that, across all cut lengths,
the Ra roughness parameter exhibited the
least error in measuring the roughness of the
inner surface of the fiberglass pipes.

Discussion

In the comparison of the measured
roughness values between bi-axial and uni-
axial pipes, it was observed that the average
roughness value of the inner surface in uni-
axial pipes is higher than that of bi-axial
pipes for both 200- and 800-mm diameters.
This higher roughness is attributed to the
greater resistance of the materials used in
their construction and the presence of sand
in the wall of the uni-axial pipes.
Additionally, = when  comparing the
roughness of new and old fiberglass pipes
with a diameter of 1000 mm and different
lengths, it was found that the roughness of
the old pipe is slightly less than that of the
new pipe. This reduction in roughness is due
to erosion and the natural smoothing of the
pipe surface over time. Consequently, the
roughness of the pipes decreases with use. It
is worth noting that the roughness
coefficient increases in the transmission
network due to sedimentation. To validate
the performance of the roughness testing
device, a sample of U-PVC pipe with a
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diameter of 120 mm and a length of 30 cm
was prepared, and the roughness of its inner
surface was measured. The results indicate
that the average absolute roughness of the
inner surface of the U-PVC pipe, with a
cutting length of 2.5, closely matches the
reported roughness value of 1.5 microns for
a PVC pipe, demonstrating 97.46%
calculation accuracy as per available
sources.

Conclusion

In this study, we examined the inner surface
roughness of fiberglass pipes using a
roughness tester and evaluated it using
various roughness parameters. We also
investigated the impact of each roughness
parameter on estimating the surface
roughness. Our experimental results
indicate that the roughness parameter Rz
and Ra with a cutoff length of 0.8 and 2.5 is
generally suitable for estimating the inner
surface roughness of fiberglass pipes,
respectively. Additionally, our
measurements revealed that the inner
surface roughness of biaxial pipes is
generally lower than that of uniaxial pipes.
Comparing newly manufactured pipes with
old pipes removed from the Sangar water
supply transmission line, we found that the
surface roughness parameters, based on the
difference between the maximum and
minimum roughness of the inner surface
pipes, are influenced by the pipe
manufacturing process. Over time and with
use in projects, these parameters decrease
due to the erosion of the maximum
roughness of the pipe's inner surface.
However, the roughness parameters that
primarily indicate the average roughness of
the pipe surface, and are related to the type
of pipe, remain relatively unchanged in old
and new pipes, suggesting that the average
roughness of the fiberglass pipe surface
remains constant over time and use in
transmission lines.

Our measurements of the U-PVC pipe also
demonstrated the accuracy of the roughness
testing device in estimating the inner surface
roughness of the pipe. The roughness
parameter Ra, with a cutting length of 2.5, in

the U-PVC pipe, is similar to that of the
fiberglass pipe and accurately estimates the
average roughness value of this type of pipe.
According to the results obtained from the
Surftest S]-210 device, it provides better
results than other tools in estimating the
roughness of the inner surface of fiberglass
pipes. Its calculation accuracy, compared to
the reported roughness height for fiberglass
pipes, is equal to 98.84%.
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22 _ probe

23 - Contact-Based Measurement
24 - Non-Contact-Based Measurement
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20 - Sand-grain roughness arithmetic average
v\ - Estimated sand-grain roughness arithmetic average
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29 - Profilometer - Roughness Tester (PCE-RT)
30 - Portable Surface Roughness Tester (Surftest)
31 - Filter GAUSS

a5

CsSwgSus) a3 el gk Ghey 03 9 09 Ve BT m
“o 505 G9sSe oIV o3l 4 (g5 alal glad & a2 g5 b ()5
Eyoslidon Lbsy b il clacd by il gla Il (PV) L3l
(SPG) Vdaws Jedgry (sySojlul olSiss jioshlbyyy igzmen
Jdon Jhomd spSojlul abus I PosiTector oy ks )
625 048 s yraglidy y Dektak ST g yio Jidg e
b 0siS cws g Hommel ghaw (s pj 048 cuns  PCE-RT)
o1 a3l gl (505 2yl g (Surftest) " daws (505 o

Lol
L & (Surftest S]-210) maw (g5 Joo BB oS e olKwd
Jdon 9 ) ) aw (slos i bl p bl jutn Copu g B>
S9) 2 Pl ey ) 9 LD Sioles axio (9 » |y aw )
S e ) (i)l e adlllae ()3 WS (o ma FanelS
o il w8 G o&iwd ol 55 el o o3lit] Ll 1B (sladls)
oBawd yrwe & 390 WelS' &S puer gaw (59) <S> b (bl
59y S35 Nlgi oo e yionleo WO Jlade yiSlis U el (g5 cubls
Ar sblos by canl (9,500 B o8 (nl glad S (5031l | s
o ESp Cep 2yS S g sy Wgge @ Fy
o8 cuiS y ceyw g 46 e Lie +/VO Be/YO (MM/S) (40
aswarle oY G o/o¥ il odows (g 05 cubldy B> ool V (MM/S)
IS0 1997 3 luiliwl by 49ySs0 YO U YF+ Jobo (gl sy o
ot ) gaw (6325 (6 5031l ol jl wiges S oF S5 03L o
Sl o 1y 9sSae Y8+ (5 )l STas oKiwd (pl a2 0
DIN (Y4) IS0 4287 5,lsibusl _polusl s ol ol 53 .08 sy
e 5l Sllugs 5 pdaw sl goxie ™ wsS yiLé o (YA) EN 4288
Ol sl b 29 oo pllol g Bl s Sl oad (6 S0l slas
o S (Kby9)8 9 b Saedl s oSy aler o (i IS
Ol sy Ngded 6 pSojlal g ol ke aw (605 e 4
a5 o ea A 5 VID cofA o[V ol A (Ac) Loy Jobo O ol
Taw ) s pSejlul 13 zge Bl Giren sl 0l
0l odlitwl (9)Sho YO 9 A VD zoo Job aw jl oS () jo
Rz jlade assli> (Y'+) DIN4768/1(1978) 3kl olel 5 .cansl
FIA 2l 625 S 05ll Wiges Jsbo el (19,80 V0 U /0
095 VB o1 g Ra g i oo <IN (2 Jsbo oS 3l yio i
WWID syl diges Jsb bl (ygySn Yo Ve RZ Jliie ST .o
095 Ve Y m Ra g e oo VIO Sy Jobo 5 AL sio s
9 Fe ko) YO diged Jsbo w2 yia o + VO oy Job (slp sl
0955w IV G o[ yuRa g 9)Sse /O /Ny Rz ydlds

.L«Uu)l

25 - [RASOL (PFM 5020)

26 - Surface Profile Gage (SPG)

27 - PosiTector Surface Profile Gage (PT-SPG)
28 - Digital Surface Profile Gauge
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2.5 4.98 23.96 54.92 29.19 99.24 97.30 44.07 50.52
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Uniaxial 0.8 1.06 5.79 11.71 6.22 43.78 26.98 12.64 15.45
2.5 3.98 19.12 43.87 23.32 63.09 65.97 33.66 36.14

Average 2.52 12.45 27.79 14.77 53.435 46.475 23.15 25.8
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RMSE ¢

RMSE ¢

RMSE &

RMSE ¢

RMSE &

RMSE &

RMSE ¢

(mm) (q) (Ra) (R2) (Rasg) (Raesg) (Rtmax) (Rasgmax) (RY) Min |E( )|
20 0.8 2.638 2.263 7.679 2.369 43.798 23.801 9.702 0.618
2.5 0.141 13.279 35.171 16.978 66.510 65.139 27.499 0.039
0.25 2.970 0.057 4.016 0.417 49.604 45.120 5.155 0.015
40 0.8 1.959 7.693 15.111 6.314 83.219 38.071 24.438 0.535
2.5 0.389 17.961 32.435 15.528 73.355 38.530 34.945 0.106
150 0.8 3.005 0.559 3.557 0.177 11.589 11.540 1.952 0.048
2.5 0.170 10.734 34.882 16.822 25.576 57.283 18.873 0.046
200 0.8 2.970 0.700 3.981 0.403 12.643 10.713 1.690 0.110
2.5 0.707 8.528 28.899 13.647 21.878 36.352 15.691 0.193
0.25 3.528 2.835 2.199 2.885 11.179 3.196 1.450 0.396
200B 0.8 3.224 1.336 1.138 1.110 12.495 5.607 1.131 0.303
2.5 1.655 5.339 18.519 8.125 15.945 29.755 11.179 0.452
0.25 3.536 2.786 2.220 2.899 10.635 2.475 1.442 0.394
300 0.8 3.140 0.990 2.114 0.594 11.915 13.661 1.181 0.162
2.5 1.450 7.531 20.711 9.291 36.381 28.503 19.148 0.396
0.25 3.557 2.934 2.468 3.026 10.713 1.761 1.817 0.481
600 0.8 3.231 1.450 1.103 1.131 12.792 5.077 0.926 0.253
2.5 1.718 5.268 17.826 7.757 19.665 25.428 10.451 0.469
800 0.8 3.140 1.308 2.135 0.580 23.568 12.120 1.365 0.158
2.5 0.863 9.440 27.259 12.777 56.866 60.083 21.998 0.236
0.25 3.550 2.984 2.432 3.012 10.274 3.741 1.987 0.542
800 B 0.8 3.147 1.195 2.015 0.643 24.091 5.897 2.249 0.176
2.5 1.223 7.679 23.257 10.649 53.874 33.807 18.406 0.334
1000 0.8 3.217 1.499 1.230 1.061 18.851 8.323 0.919 0.251
2.5 1.365 6.088 21.701 9.815 27.344 32.548 12.523 0.373
1000 0.8 3.224 1.379 1.153 1.103 15.549 7.326 1.937 0.301
old 2.5 1.626 5.664 18.830 8.294 17.996 23.879 13.315 0.444
5 1A G Jsb b (r9,See s Giliss (5 ol (5525 (RMSE) @l po (3nilee lomslons 515 jlao-Y' Jgas
Facghe Voo e b8 s g8 gl ) Coma 03 5 pgen S5 S 6 g) 53 ¥/D
RMSE ¢ RMSE & RMSE ¢ RMSE ¢ RMSE ¢ RMSE ¢ RMSE ¢
(Ac Min |E( €)|
(mm) (Ra) (R2) (Rasg) (Raesg) (Rtmax) (Rasgmax) (RY)
1000 0.8 0.007 0.120 0.078 0.042 3.302 0.997 1.018 0.016
old 25 0.262 0.424 2.871 1.520 9.348 8.669 0.792 0.044

U (505 035 Comd 0503 dliwg 4y (WwllS 5y B dlg) JA 15 daw 1 b drwlono g baws Cuild o gllao (605 —F Jgan
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£ (Ra) £ (Rz) € (Rasg) £ (Raesg) & (Rtmax) & (Rasgmax) £ (RY)
d (mm) (Ac)
(um) (um) (um) (um) (um) (um) (um)
0.25 0.74 4.17 8.13 4.32 8.92 11.80 5.78
120 0.8 1.11 7.50 12.25 6.51 14.15 17.20 9.48
25 1.46 10.80 16.13 8.57 18.32 19.68 13.23
Average 1.10 7.49 12.17 6.47 13.80 16.23 9.50
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