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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MULTICORE AND SYMMETRICAL PAIR/QUAD
CABLES FOR DIGITAL COMMUNICATIONS -

Part 1-6: Nominal DC-resistance values of floor-wiring
and work-area cables for digital communications
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FOREWORD

e International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp

national electrotechnical committees (IEC National Committees). The object of IEC™is to pr
ernational co-operation on all questions concerning standardization in the electrical and electronic fielg
s end and in addition to other activities, IEC publishes International Standards, Technical Specificg
chnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter.referred to as

the subject dealt with may participate in this preparatory work. International, governmental and
vernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates ¢
th the International Organization for Standardization (ISO) in accordante ‘with conditions determin
reement between the two organizations.

e formal decisions or agreements of IEC on technical matters express{ as nearly as possible, an interng
nsensus of opinion on the relevant subjects since each techni€al ‘committee has representation frg
erested IEC National Committees.

C Publications have the form of recommendations for international use and are accepted by IEC N4
mmittees in that sense. While all reasonable efforts are"made to ensure that the technical content g
blications is accurate, IEC cannot be held responsible:for the way in which they are used or fo
sinterpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Public
nsparently to the maximum extent possible ia“their national and regional publications. Any diver
tween any |IEC Publication and the corresponding national or regional publication shall be clearly indica|
E |atter.

C itself does not provide any attestation ‘of conformity. Independent certification bodies provide conf
sessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible fg
rvices carried out by independent certification bodies.

users should ensure that they have the latest edition of this publication.

embers of its technical committees and IEC National Committees for any personal injury, property dams
her damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees
penses arising out(of) the publication, use of, or reliance upon, this IEC Publication or any othe
blications.

tention is drawn\to the Normative references cited in this publication. Use of the referenced publicati
Hispensabledforthe correct application of this publication.

tention is\drawn to the possibility that some of the elements of this IEC Publication may be the subj
tent rights. IEC shall not be held responsible for identifying any or all such patent rights.
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technical committee may propose the publication of a technical report when it has collected
data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

IEC TR 61156-1-6, which is a technical report, has been prepared by subcommittee 46C:
Wires and symmetric cables, of IEC technical committee 46: Cables, wires, waveguides, RF
connectors, RF and microwave passive components and accessories.
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text of this technical report is based on the following documents:
Enquiry draft Report on voting
46C/1044/DTR 46C/1051/RVC

Full information on the voting for the approval of this technical report can be found in the

repo

This

A Iislt of all parts in the IEC 61156 series, published under the general title Multicore
metrical pair/quad cables for digital communications, can be found on the IEC websitq.

sym

The

rt on voting indicated in the above table.

document has been drafted in accordance with the ISO/IEC Directives, Part 2.

committee has decided that the contents of this document will remain unchanged unt

and

| the

stabllity date indicated on the IEC website under "http://webstore.iec.ch” in the data relat¢d to

the g

° r
° W

-

e gmended.

A bil

pecific document. At this date, the document will be

bconfirmed,
ithdrawn,

bplaced by a revised edition, or

ngual version of this publication may be issued ata later date.

IMR
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that it contains colours which are considered to be useful for the corj

ORTANT - The 'colour inside' logo on-the cover page of this publication indic3

erstanding of its contents. Users should therefore print this document usin
pur printer.
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MULTICORE AND SYMMETRICAL PAIR/QUAD
CABLES FOR DIGITAL COMMUNICATIONS -

Part 1-6: Nominal DC-resistance values of floor-wiring
and work-area cables for digital communications

1 cope

This| part of IEC 61156, which is a Technical Report, provides informative values\for|DC-
resigtance of typical installed cables at the time of publication to enable further’ analyslis of
cable¢ performance mainly influenced by DC-resistance, such as thermal heating.

2 Normative references

The [following documents are referred to in the text in such a way~that some or all of [their
content constitutes requirements of this document. For dated references, only the edition
cited applies. For undated references, the latest edition of the referenced document (incldding
any amendments) applies.

IEC B1156-1, Multicore and symmetrical pair/quad cables for digital communications — Part 1:
Genégric specification

IEC B1156-5, Multicore and symmetrical pair/quad cables for digital communications — Part 5:
Symmetrical pair/quad cables with transmission characteristics up to 1 000 MHz — Horizpntal
flooniwiring — Sectional specification

IEC B1156-6, Multicore and symmetrical pair/quad cables for digital communications — Part 6:
Symmetrical pair/quad cables with transmission characteristics up to 1 000 MHz — Work |area
wirinlg — Sectional specification

IEC p1156-9, Multicore and symmetrical pair/quad cables for digital communications — Pgrt 9:
Cables for channels with\transmission characteristics up to 2 GHz— Sectional specificatiof

IEC p1156-10, Multicore and symmetrical pair/quad cables for digital communicatiohs —
Part|10: Cable§~for cords with transmission characteristics up to 2 GHz- Sectfonal
spedification

3 Terms and definitions

No terms and definitions are listed in this document.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/
e |SO Online browsing platform: available at http://www.iso.org/obp

4 Overview

Measurement of thermal heating /1/ or other analysis of applications such as POE /2/ or other
remote powering application requires DC-resistance values reflecting the higher performance
of higher categories not explicitly specified in IEC 61156-5, IEC 61156-6, IEC 61156-9 and


http://www.iso.org/obp
https://iecnorm.com/api/?name=531f6e8f4f8de16a86e1860dfe39c495
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IEC 61156-10. This document therefore informatively provides such values for horizontal floor

wirin

g and work area wiring taking into account different possible basic designs.

5 DC-resistance values

5.1

General

IEC 61156-5, IEC 61156-6, IEC 61156-9 and IEC 61156-10 only have a basic DC-resistance
requirement each, possible to be fulfilled by cables of the lowest category. As higher
categories provide a better attenuation, also the DC-resistance of such a cable is lower, even

thoughmotTrequired;as cabtng—standardsatsodo ot require more—severe vatues for trigher
Claspes /3/.
The [DC-resistance of a balanced pair is basically dependent on conductivity and.diameter of

the
defin
bein
wire
mea
thus
mea

vires. During the stranding process, the wires are forced on certain trajectories tha
ed by lay-lengths, diameter of insulation and the dimensions of possible fillers and
j applied during stranding. Due to the inevitable forces needed tovform the insu

surement uncertainty requires a significant technical effert,” the following tables

roughly indicate the conductor diameter.

The

typic
prog
requ
(incl

al values. No requirements therefore can be derived from these values. Contin
ess of technical development might resulf/in cable designs fulfilling all cu

in Tables1, 2 and 3 below. The use of cables with a lower DC-resistance than indicat

poOSS
perfd

5.2

ible and might provide benefit with “respect to thermal heating and possibly fu
rmance parameters.

Values for horizontal floor wiring cables

[ are
foils
ated

5, the diameter of the conductors is slightly reduced while being stranded. Ag the
surement of the resulting conductor diameter is a measurement¥at a discrete poinf| and
less representative of the entire length of the cable and, furthermore, achieving g low

only

nominal DC-resistance values given in Tables 1, 2 and 3 below are to be understodd as

llous
Frent

rements of IEC 61156-5, IEC 61156-6, IEC 61156-9 or IEC 61156-10 respecfiively
Iding the request for copper conductors), but'having higher DC-resistance than indiqated

bd is
rther

Cables for horizontal floor wiring according to IEC 61156-5 and IEC 61156-9 have a dgsign

bassg
perfq
cond
shie
cond
resig

d on solid copper wires. Shorter lay-lengths are necessary to obtain a better cros

uctor diameter terachieve attenuation requirements. Also foils e.g. applied as
ding add to attenwation and accordingly high category pair-shielded cables need h
uctor diameters; too. Table 1 provides nominal values for the conductor diameter
tance for horizontal floor wiring cables.

Stalk

rmance. As shorterday-lengths lead to increased attenuation, such designs need a larger

pair
gher
and
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Table 1 — Nominal conductor-diameter (range) and conductor-resistance

(typical) values for horizontal floor wiring cables

U/UTP F/UTP, SF/UTP U/FTP, FIFTP, SIFTP
Category 5e 0,49 mm to 0,52 mm 0,51 mm to 0,53 mm No typical design
9,5 Q/100 m 9,0 Q/100 m
Category 6 0,52 mm to 0,55 mm 0,53 mm to 0,55 mm 0,54 mm to 0,56 mm
9,0 Q/10 0 m 8,5 Q/100 m 8,0 Q/100 m
Category 6A 0,54 mm to 0,56 mm 0,55 mm to 0,57 mm 0,55 mm to 0,57 mm
8,0 Q/100 m 7,5 Q/100 m 7,5Q/100 m
Catcguly -l' Nu typlua: dUD;yII Nu typlua: dUD;HII G,SG LLRLRRS tU C,C-l’ aas L
7,5 Q/100 m
Category 7A No typical design No typical design 0,58 mm t0.0,60 mn
6,8 Q/100 m

Category 8.1 (ffs.)

No typical design

0,61mm to 0,64 mm
6,5 Q/100 m (ffs.)

3

0,61 mmto 0,64 m
6,5,0/100 m (ffs.

Category 8.2 (ffs.)

No typical design

No typical design

0,61 mm to 0,64 m
6,5 Q/100 m (ffs.

3

5.3 | Values for work area wiring cables

Worlk area wiring cables typically have designs applying stranded conductors. Neverthejess,
solid conductors are an option according IEC 61156-6 and IEC 61156-10. Therefore, |both
casegs are reflected in Table 2. The explanations with.tespect to the relation between gable
design and attenuation made for horizontal floor wiping cable also apply to work area wiring
cables.
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Table 2 - Nominal conductor-diameter (range) and conductor-resistance

(typical) values for work area wiring cables

U/UTP

F/UTP, SF/IUTP

UIFTP, FIFTP, SIFTP

Category 5e
stranded conductor

0,45 mm to 0,48 mm
0,12 mm? to 0,14 mm?

0,45 mm to 0,48 mm
0,12 mm? to 0,14 mm?2

No typical design

14,5 Q/100 m 14,5 Q/100 m
Category 5e 0,40 mm to 0,46 mm 0,40 mm to 0,46 mm No typical design
solid conductor 14,5 Q/100 m 14,5 Q/100 m

Category 6
stranded conductor

0,48 mm to 0,54 mm
0,13 mm? to 0,18 mm?

0,48 mm to 0,54 mm
0,13 mm? to 0,18 mm?2

0,48 mm to 0,54 mm
0,13 mm? to 0,18 mm?

13,5 Q/100 m

13,5 Q/100 m

13,5 Q/100 m

Cat¢gory 6
solig conductor

0,40 mm to 0,46 mm
13,5 Q/100 m

0,40 mm to 0,46 mm
13,5 Q/100 m

0,40 mm to 0,46.m
13,5 Q400 m

=

Catg¢gory 6,

0,48 mm to 0,54 mm

0,48 mm to 0,54 mm

0,48 mm(to°'0,54 m

S

strahded conductor 0,13 mm? to 0,18 mm? 0,13 mm? to 0,18 mm?2 0,13 mm?2 to 0,18 mm
13,5 Q/100 m 13,5 Q/100 m 13,5 Q/100 m

Catg¢gory 6, 0,40 mm to 0,46 mm 0,40 mm to 0,46 mm 0;40 mm to 0,46 mm

solifg conductor 13,5 Q/100 m 13,5 Q/100 m 13,5 Q/100 m

Category 7 No typical design No typical design 0,48 mm to 0,54 mm
strapded conductor 0,13 mm? to 0,18 mm?
13,5 Q/100 m
Category 7 No typical design No typical«d€sign 0,40 mm to 0,46 mm
solifl conductor 13,5 Q/100 m

Catg¢gory 7,

No typical design

No typical design

0,48 mm to 0,54 m

=

strapded conductor 0,13 mm? to 0,18 mMmn
13,5 Q/100 m

Catg¢gory 7, No typical design No typical design 0,40 mm to 0,46 mm

solifl conductor 13,5 Q/100 m

Cat¢gory 8.1
strapded conductor
(ffs.

No typical design

0,48 mm to 0,54 mm
0,14 mm? to 0,18 mm?2
13,5 Q/100 m (ffs.)

=

0,48 mm to 0,54 m
0,13 mm? to 0,18 mmn?
13,5 Q/100 m (ffs.

Cat¢gory 8.1
solifl conductor (ffs.)

No typical design

0,40 mm to 0,46 mm
13,5 Q/100 m (ffs.)

0,40 mm to 0,46 m
13,5 Q/100 m (ffs.

=

Cat¢gory 8.2
strapded conductor
(ffs.

No typical design

No typical design

=

0,48 mm to 0,54 m
0,173 mm2to 0,18 m
13,5 Q/100 m (ffs.

>

Cat¢gory 8.2
solifl conductor (ffs.)

No typical design

No typical design

0,40 mm to 0,46 m
13,5 Q/100 m (ffs.

=

54 Resistance unbalance

Strapding-of the elements is generally necessary in order to obtain a flexible cable. Due tp the
prolgngation of conductors due to stranding, the resistance of a stranded wire per gable
length™l'is higher than the resistance of a stretched out wire of the same length [. For a single
stranding step, the prolongation factor r can be calculated using the diameter of the stranding

trajectory D and the lay length s.
D
r(s) = ,/1+(T)2 (1)

As the pairs of a cable for digital communications usually have a different lay length, there are
generally differences in the conductor resistance between pairs. This is characterised by the
resistance unbalance between pairs as defined in IEC 61156-1. Assuming that the lay length
of the pairs of a cable varies in a range of s, ,,/snin = k, the resistance unbalance between
pairs to be expected can be estimated using equation (1) as follows.
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ARP = 7(Smin ) = 7(kSmin )
(Smin )+ 7(kSmin )

(2)

For certain parameters, the result of this calculation is shown as an example in Figure 1. This
is considered to be an approximation of the resistance unbalance between pairs of currently
existing cables in cabling. The same nominal conductor diameter is assumed for all pairs.
Manufacturing variances are neglected. Therefore, the resistance unbalance of the pairs is
evanescent.

115
1lo | D=14mm; k=1
0|5
0 ! —
5 10 15 20 25

Minimum lay length s,;,/mm

Figure 1 — Evaluation of resistance unbalance between pairs
for certain stranding diameters and lay lengths ranges

D=12mm; k=1

PDv=0,9 mm; k=145

IEC

In cgdse a certain resistance unbalanece within a pair AR is assumed for the pairs, the vallie of

the fesistance unbalance between'the pairs can be influenced. In the worst case, both pairs
havg the maximum resistance thbalance absolute value with a different algebraic sign.|This
valu¢ then adds to the resistance unbalance between pairs. Figure 2 shows a similar
evalyation as Figure 1 taking into account the maximum resistance unbalance of a| pair
accarding to IEC 611565, 2 %. The equations used are in line with the definitiorls in
IEC p1156-1:
R —R_
AR =100—/2—m (3)
max + Rmin
where
AR is the conductor resistance unbalance (%);
R max is the resistance for the conductor with the higher resistance value (Q);
Rpin is the resistance for the conductor with the lower resistance value (Q).
ARP., =100 Rmax iRmini (Rmax x + Rmink )~ Rmax k Rmink (Rmaxi + Rmini ) (4)
’ max i Rmini (Rmax x + Bmink )+ Rmax & Rmin & (Rmaxi + Rmini )
where
ARP;,  is the resistance unbalance between pair i and pair k (%);
Rnax is the resistance of the wire with the higher resistance of a pair (Q);
R is the resistance of the wire with the lower resistance of a pair (Q);
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It is obvious that fulfilling a certain requirement for the resistance unbalance between pairs
might require significantly lower values for the resistance unbalance within pairs in case very

low lay lengths are used.

6,0 |

5,0

N

4]0

ARP (%)

As the resistance unbalance is not dependent 'on the absolute value of the resistance

10

15

Minimum lay length s,i,/mm

25

Figure 2 — Evaluation of resistance unbalance between pairs taking
into account a resistance unbalance of the pairs of 2 %

D=09mm; k=745 ARE2 %

D=12mm{k=12A8=2%

D=14mm; k=12A8=2%

IEC

the

same resistance unbalance between pairscan be assumed for both horizontal floor wiring

cablgs and work area wiring cables. Table 3 provides typical values for resistance unbal
betwleen pairs for horizontal floor wiringzZand work area wiring cables.

Table 3 — Nominal (typical) values of resistance unbalance between
pairs for horizontal floor wiring cables and work area wiring cable

Ance

U/UTP F/UTP, SF/UTP U/FTP, FIFTP, S/IFTP
Cat¢gory 5e 1% 1% No typical design
Catg¢gory 6 1,5 % 1,5 % 1%
Catg¢gory 6, 3% 3% 1%
Cat¢gory 7 No typical design No typical design 1%
Catggory7, No typical design No typical design 1,5 %
Cat¢gory 8.1 (ffs.) No typical design 3,5% 2%
Category 8.2 (ffs.) No typical design No typical design 2%
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