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Abstract— In this paper, the authors describe ice load
measurements in test spans in Iceland which started 1972. From
1972, 84 test spans have been erected at 54 locations. Measuring
methods are explained as well as the purpose of the
measurements. Data from test spans where measurements have
been taken for more than 20 years are presented. Examples are
given of results from selected sites, showing variability of annual
maximum loading from different locations. Finally, it is
explained how the results have been used to improve load criteria
of new overhead transmission lines.

I. INTRODUCTION

Ice loading on overhead conductors is one of the most
important parameter influencing the investing and
performance of overhead transmission lines (OHTL) in
Iceland. Therefore, measurements of ice loading have been
made in test spans for more than 30 years. The first test span
for measuring ice loads on conductors was built in 1972. A
test span built the following year is still in operation today.
Since 1972, a total of 84 test spans have been erected at 54
locations, see Fig.2. Today, 53 of them at 35 locations
distributed all around the country are in operation and 43
spans at 26 locations have been in operation for more than 20
years. Most of the test spans are located in uninhabited areas
in the highlands at altitudes ranging from 350 m to 1000 m
above sea level.

The weather conditions vary significantly between locations,
based on the topography, altitude, distance to sea and
prevailing wind direction. Ice load is infrequent and hardly
measurable at some sites, while many icing events are
measured every year at other sites.

It is well recognized that atmospheric icing has great
variability depending on site conditions. From the beginning,
the main aim of operating the test spans has been to locate and
map areas where high ice load can be expected on overhead
transmission lines, especially in areas where experience of
operating structures is non-existent. Most of the test spans are
therefore located on planned transmission line routes but also
on existing line routes where the policy has been to operate
each span for at least 30 years for statistical purpose.

II. TEST SPANS, SETUP AND MEASUREMENTS

Each test-measuring site has one, two or three spans lying in
a straight line, at right angles or in a triangle. The spans are
standardized, being 80m long. The conductors are strung on
poles 10m above ground. Two types of conductors are used,
28 mm (AAAC) is most common, but 18 mm (AAAC) is used
at few locations.

During the first years, only mechanical maximum recording
dynamometers were used and manual readings were taken
three times a year. In 1988, electronic force recorders were
first installed and since then, a few have been installed every
year. Since 2005, all the operating test spans have been
equipped with electronic force recorders. Precision and
reliability of the recorders have improved greatly. The
recorders measure tension at 0.5-1 Hz and store maximum,
minimum and mean values within each 10 minutes. For a
more detailed description of the set-up of the test spans and
the force recorders, see references [4]. The original maximum
recording dynamometers are still operated in all the test spans
to ensure calibrations between old and new measuring
methods. Since 2005, ambient temperature measurements are

Fig. 1. Test span 77-5 parallel to 220 kV transmission line, erected 5 years before the OHTL. Length of span is 80m.
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Fig. 2. Location of all test spans 1972-2007.

also made every 10 minutes at all the sites. In some locations,
additional weather parameters are continuously measured as
well.

Measurements of the conductor’s end tension are taken.
They are then converted into external load per unit length,
using the geometry of the test span and mechanical properties
of the cable and guys. The underlying assumption is that
loading is equally distributed along the span. The
measurement’s horizontal and vertical components cannot be
accurately distinguished since wind-speed measurements are
usually not made. The load analysed is therefore the
conductor's total load, consisting of both vertical and
horizontal components.

Electronic force recorders

Fig. 3. Equipped central pole ina right angle test span.

By the advent of the electronic force recorders, the data
becomes more valuable wherein the process of loading and ice
shedding can be analyzed in time.

Fig. 4. A triangular test span (73-4), in-cloud icing on
span 73-4-A.
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III. ANNUAL MAXIMUM LOADING IN TEST SPANS MEASURED 20
YEARS OR MORE

Below, measurements are presented of annual maximum
load (AM) in test spans that have been operated for 20 years
or more. The yearly measuring period is end of Aug.-Aug. It
should be noted that the weight of the conductor is included in
the loading presented here. The measurements also include
both horizontal and vertical load component, i.e. wind loading
is included. The estimated conductor weight and maximum
wind load without ice may reach 35-60 N/m, lower values of
AM are thus in many cases due to wind without any ice.

Table I gives an overview of measured AM loading for the
spans.

TABLE 1. RESULTS FROM TEST SPANS WITH 20 YEARS OF MEASUREMENTS

It should be noted that test spans starting with the same
digits and distinguished with letters (A, B, C), are at same
location but oriented in different directions. These test spans
show in some cases that loading can be very dependent on
direction, see for example 72-1, 73-4, 74-1, 76-3, 82-1 and
85-1.

Height Weight Numb. of Max. Average
Test span| above sea Direction meas. meas. AM cov
of cond.
level years value value
[m] [°N] [N/m] [l [N/m]  [N/m] [-]
72-1-A 880 159 54 30 71,3 256 047
72-1-B - 39 5.4 30 972 405 0,59
72-1-C - 280 54 30 1936 493 0,70 '
73-1 940 2 5.4 31 163,2 538 0,58 i
73-2-A 970 357 5.4 30 139,0 58,1 053] Fig. 5. In-cloud icing on a test span close to shore, 650 m a.s.l.
73-2-B - 116 5.4 29 940 495 04l
73-2-C - 236 5.4 29 780 439 034 To simplify the analyses, chosen spans are grouped into
73-3 700 200 3,4 27 486 276 034 three categories: (i) Test spans where the average AM is less
73-4-A 820 277 5.4 32 1920 468 0,76 . .
T34 . 37 54 30 65.8 273 054 than 60 N/m, (ii) test spans where the average AM is between
74-1-A 380 64 54 28 144,8 272 094 60-100 N/m and (iii) test spans where the average AM is
74-1-B - 304 5.4 28 726 323 044 above 100 N/m.
74-1-C - 184 54 20 141,6 249 1,15
74-2 10 43 3.4 24 427 264 0301 4. Test spans with average AM less than 60 N/m
76-1-A 10 176 12,9 28 97,3 61,6 025
76-1-B - 82 12,9 23 55,3 325 020 Approximately 73% of the spans are in this category. Icing
76-3-A 340 173 354 % 67.8 2260351 dtob ly incident in these spans and man:
76-3-B - 83 5.4 29 1858 680 063 ISnotexpectedto bea yearly 3 y
76-5-A 660 283 54 27 101,0 348 068 AM loading values are dominated by wind in addition to the
76-5-B - 13 5,4 27 132,5 28,8 0,87 Conductor Welght
76-6-A 600 272 5.4 28 586 200 06l
76-6-B _ 2 5.4 26 51,9 239 039 Approximately 34% of the spans in the category have one or
77-2(2) 590 124 12,9 27 12,4 581 037 two cases of annual maximum loading above 120 N/m.
773 430 120 134 26 %9 421 08 Following histograms show such examples
77-4 480 288 13,4 28 71,4 363 030 :
77-5 400 270 134 28 71,6 381 036] 250
78-3 820 175 12,9 26 2448 662 0,67 [Nim]
79-1-A 370 269 13,4 25 124,9 30,7 0,66 200
79-1-B - 157 134 26 152,8 508 032 |
79-2-A 670 154 12,9 26 1214 592 032
79-2-B - 243 12,9 26 161,1 81,8 029 100 |
82-1-A 890 28 12,9 21 70,1 422 031
82-1-B - 298 12,9 23 1506 769 043 50
82-2 990 93 12,9 21 2704 583 086 o
82-3 700 295 12,9 23 77,5 42,6 039
82-4 560 126 12,9 23 201,9 724 048
82-5 10 129 12,9 23 61,5 39 040 L
83-1-A 570 117 134 22 370,7 1366 0,52
83-1-B - 27 13,4 22 239,2 88,6 048] 200
83-2-A 580 30 134 22 99,7 548 031
83-2-B - 300 13,4 21 92,4 62,3 024 1501
85-1-A 900 120 12,9 20 2087 1212 034 0
85-1-B - 210 12,9 20 6279 2545 053
Max 990 357 13,4 32 6279 2545 1,15 50
Min 10 2 5.4 20 427 200 020
Average 595 162 9,5 26 137,8 542 0,50 0 e e e
73 747576 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05
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Fig. 6. Annual maximum loading of spans with maximum average
below 60 N/m but one or two high values.

All these test spans are located far from sea shore and most
of them are in the central highlands where clouds have a
relatively low humidity after passing over mountainous areas
from sea. The altitude of those measuring sites is in the range
0f' 370 to 990 m.

The high loading values (above 120 N/m) occurred in all
cases before electronic force recorders were installed at those
sites. It is not possible to determine with certainty the type of
icing in each event, but they were presumably in-cloud icing,
except in 79-1-B where wet snow is most likely.

The samples show that in some locations, a single high AM
load (120 — 270 N/m) can be expected although the load is on
the average low for 20 — 30 years. Thus, sites without regular
ice loading can be exposed to high ice load in certain
situations. It can be argued that care is needed in evaluation
of extreme statistics for a single test span for these sites and a
reasonable estimate of ice load can only be made by
evaluating a number of spans together and considering
influence of topography and other factors.

B. Test spans with average AM between 60-100 N/m

There are eight test spans (19%) with average values of AM
in range of 60-100 N/m, four of them are shown below.
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Fig. 7. Annual maximum loading of spans with maximum average
between 60-100 N/m

Test spans where the average AM is between 60-100 N/m
are distributed all around the country and at different altitudes,
from 10 to 890 m. Most of them are inland in mountainous
areas. Wet snow icing can be expected anywhere and in-
cloud icing in all cases except at 76-1-A.

Icing events are more frequent in these test spans than in the
previous ones. It should though be noted that the highest AM
values in these test spans are similar to the one or two high
values recorded in test spans with average AM less than 60
N/m.

C. Test spans with average AM greater than 100 N/m

The average AM load has been above 100 N/m in three of
the test spans that have been in operation for more than 20
years. Two of the spans are located at the same measuring site,
but the direction of the spans is different. Both measuring
sites are in the eastern part of the country, rather close to sea
where humid clouds moving from sea side, from northeast and
east, have unlimited access. The altitudes are 570 and 900 m
a.s.]. These spans usually experience many icing events every
year. In-cloud icing is dominating for those test spans, thought
wet snow icing can also be expected.
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Fig. 8. Annual maximum loading of spans with maximum average
above 100 N/m

The span 85-1-B includes the highest measured load (627
N/m), see fig. 9. The ice accumulation continued for
approximately 3 days. It is notable that this event was near
mid July. The hardware in the test span broke down before
the ice accumulation stopped, and the maximum loading may
thus have been somewhat higher. Temperature was not
measured at site at time of accumulation but measurements
shown are based on interpolation from nearby temperature
recorders.
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Fig. 9. Maximum measured ice loading in test span (85-1-B).
Temperature is estimated from nearby measurements. Test
span broke down before accumulation stopped.
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Fig. 10. Maximum measured ice loading in test span 83-1-A.

Accumulation is continuous for two days.
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IV. USE OF ICE LOAD DATA FROM TEST SPANS

The main aim of measurements in test spans has, from the
beginning, been to define areas where high ice load can be
expected on OHTL. After operation of test spans distributed
all around the country, the knowledge of the ice loading
phenomena has improved significantly and more confident
assumptions can now be made for ice loading.

Data from test spans have been used in determining design
ice loading for all new OHTL the last two decades. The data
has also been used to establish a database. Other information
on icing has also been as bases to determine design ice
loading. Such as database of known icing registered on
distribution and transmission lines (see ref.5) and computer
simulation of weather estimating risk of wet snow icing (see
ref. 6).

In 2006, two new 400 kV OHTL were constructed passing
an area with severe ice loading. Test span 83-1 had been
operated on the line route since 1983 and the maximum
measured ice loading was 36 kg/m. The measurements from
the test spans were used for estimating design values of ice
loading.

The use of these measurements for estimating ice load has
been successful and no major failure of overhead transmission
line has occurred in lines built during the last 25 years.
Therefore, the main objective for operating the test spans has
been achieved.

Line routes of OHTL may be forced to pass trough areas
with severe icing. In 2006, a program of online monitoring
was implemented wherein load cells and video cameras are
used on two 400 kV lines. The aim is to increase the
operational reliability of these two very important lines and
prepare emergency plans possible for de-icing methods in case
of extreme icing.

g

Fig. 11. Installed video camera and load cell in a 400 kV OHTL.

i

Fig. 12. Monitoring equipment in a 400 kV line.

V. CONCLUSION

The results of measurements in the test spans have given
important information on icing at different conditions ranging
from 10m up to 1000m above sea level. Operational
experience of OHTL designed and constructed during the last
25 years, based on ice loading founded on these measurements
have been successful and no major failures have occurred and
loss of supply during heavy icing periods are quite rare.

Hundreds of icing events, most f them in-cloud icing, have
already been recorded since the test spans were equipped with
tension recorders. Considerable amount of icing data is now
available to analyze icing accumulation and ice shedding in
more detail than before.

The next step in measuring and monitoring ice load has
already started with an online connection of load cells and
video cameras on OHTL to a control station. It is an
important step, combined with preparation of an operational
plan, for de-icing of OHTL in severe icing areas.

VI. REFERENCES

[1] Eliasson A.J., Jonasson A.B., Iceload Measurements in Iceland.
International Seminar on Ice Load Measurements, Norway, 18-20 May
1992.

[2] Eliasson A.J., Thorsteins E., Data Analysis of Icing Measurements in
Iceland. 6th International Workshop on atmospheric Icing of Structures
—IWAIS 93 —, Budapest, September 20.-23., 1993.

[3] Thorsteins E., Eliasson A.J., Ice Load Measuremts in Test Spans in
Iceland — Statisitcal Analysis of Data. 8th International Workshop on
atmospheric Icing of Structures — IWAIS "98 —, Reykjavik 1998.

[4] Thorsteins E., Eliasson A.J., Observation of Icing by Tension Recorders
— Comparison of Conductors.  8th International Workshop on
atmospheric Icing of Structures — IWAIS 98 —, Reykjavik 1998.

[5] Isaksson S.P., Eliasson A.J., Thorsteins E., “Icing Database —
Acquisition and Registration of Data”. 8th International Workshop on
Atmospheric Icing of Structures - IWAIS "98 -, Reykjavik Iceland, 8 —
11 June 1998.

[6] Olafsson. H., Agﬁstsson H., Régnvaldsson 0., Eliasson A.J., “Towards a
Method for Estimating the Risk of Wet Snow Icing in a Mountainous
Region.”. ICAM 2007 — Chambéry France, 4-8 June 2007.



	Introduction
	Test spans, Setup and measurements
	III.   Annual maximum loading in test spans measured 20 year
	Test spans with average AM less than 60  N/m
	Test spans with average AM between 60-100  N/m
	Test spans with average AM greater than 100  N/m

	Use of ice load DATA FROM test spans
	Conclusion
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


