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Thermal Resistivity of Backfill Materials for Underground Power Cables
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Abstract

Because the allowable current loading of buried electrical transmission cables is frequently limited by the maximum
permissible temperature of the cable or of the surrounding ground, there is a need for cable backfill materials that can
maintain a low thermal resistivity (less than 50T -cm/watt) even while they are subjected to high temperatures for
prolonged periods. Temperatures greater than 50°C to 60°C may lead to breakdown of cable insulation and thermal
runaway if the surrounding backfill material is unable to dissipate the heat as rapidly as it is generated. This paper
describes the results of studies aiming at the development of backfill material to reduce the thermal resistivity. A large
number of different additive materials were tested to determine their applicability as a substitute material. Tests were
carred out for Dongrim river sand, a relatively uniform sand of very high thermal resistivity (50°C-cm/watt at 10%
water content, 260 C -cm/watt when dry), and Jinsan granite screenings, and A-2(sand and gravel mixture), E-1(rubble
and granite screenings mixture), a well-graded materials with low thermal resistivity (about 35 C-cm/watt when at 10
percent water content, 100C-cm/watt when dry). Based on this research, 3 types of backfill materials were suggested

for improved materials with low thermal resistivity.
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& AHE BA Ay, o2 aot HHs] EFstd &
e o JIAE 5 AE Aes ddEnt
A2 AF Y=RE7F T3 580 Zof R
B} £golFe) 2 Ao ddHEs F7AH <
e HoA= fefdd oz gkt B3 A2 EA
o] 2taL Al o] Fon, (A 4u]7} 2o} &
SA2A AT Aew AdEn

Zefolof o] A$ Aol 53| AT bl
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E 2. E2i0l0f+ 10% H7ARS INE SY

N = 2(%) TR
s4u | zaiz | 228 | om=z | (C-em/W)
1.8 | 315 | 87.9 108.3
H-1 20 | 111 | 326 | 86.4 120.4
9.7 355 | 827 155.2
9.3 36.1 | 92.6 163.5
-1 2.0 8.7 372 | 91.0 167.7
8.0 39.0 | 885 208.0
115 | 374 | 91.4 137.9
J-1 20 | 111 | 382 | 90.4 141.5
10.7 | 38.7 | 89.6 182.2

e AAEE Zohr] EHuFARAMe dEGHAA
2ed AOE Uyertoy o Arete] S ot
a3S mesly] fjste] 7 daxj gl SEholdliAlE
10%% ¥71et A2 H-1I(Y &), (&), - 1(HA2E&
Hah)ol dell B4AREE 12) H E S A"E
Foha AFLO] WSS A Hgtch

AR AN 2) Heof 9 10%ele] BAT i
7F Agle, MRE 1 oF 50% FAFol FaHU
o & Sefolof4] YU R} GAHTFL IAT T2 J
29 TP Y=RES AMARCRN 23S 7
& 9 PO Il MY RoR HolX
o 2 A2 B EFteloldE AlE W Aol
oF 10% Z713te] 23]8 9540 YukAl: o 1}
Ehdth mebd AR RT 27) ol4te) B MY
3t ujgte| 2 £33 H9- GEA HAo] 7Hsdt AR
Yehtong 2% 23tegl et £ e AW
93 "astk ok

3.3 EERS E5Y

2 AFoE DEAHT © Fego) BE INT
H37t 242 = A 9] SHES Asta HEs
He AL 4 Y YREES EFhuA Wtk 3, 2

& 20% ol5}e] HIUFHE 2= B Z(EPH)E
Sahn Hasl AZAATE dehl ETAS A
ajE A5 YA AEE 3T ol 918 Al
& A, 2, A=ed T, Eetolof, A&
52 A8stEon, GURE AY @ )
(Fukagawa, 1974 % Wiseman & Burrell, 1969)& =
sho] WigHIE MABIATHE 3).

o, AE W AL $22 45 FHE Aol

E 3. =8 ARQ ujEH] (TR : %)

SRR LR AR R
A—1 40 | 60
A—2 50 | 50
A-3 60 | 40
A-4 70 | 30
B—1 40 60
B2 50 50
B-3 60 40
B—4 70 30
c—1 50 | 20 30
c-2 50 | 25 25
c-3 50 | 30 20
c-4 50 | 35 15
D—1 10 90
D-2 20 80
D-3 30 70
E—1 30 70
E-2 40 60
E-3 50 50
F—1 30 | 14 56
F-2 40 12 | 48
F-3 50 | 10 40
G—1 30 7 7 56
G-2 | 40 6 6 48
G-3 | 50 5 5 40
H—1 ) 10
H—2 80 20
H-3 70 30
-1 90 10
1—2 80 20
1-3 70 30
J-1 90 10
J-2 80 20
J-3 70 30
K—1 45 | 45 10
K—2 42 | 43 15
K—3 40 | 40 20
L—1 36 12 42 10
L-2 45 | 10 35 10
L-3 54 8 28 10
M—1 36 6 42 10
M—2 | 45 5 35 10
M-3 | 54 4 4 28 10
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E 4. MRS 2YAE 2

AEig CHEAE H 24
Ms | ,,. lovc| 22| 7= | =8
A=Y @lomd) | (%) | (%) | A% | A%
A-1 2.61 2.04 10.5 21.8 [15.67} 0.35

A-2 2.61| 2.07 |.10.0 | 20.8 |15.26| 0.36
A-3 262 2.05 9.5 21.4 |15.85] 0.74
A—-4 2.63| 1.99 8.5 24.3 [13.80} 6.40

33.1 A A&

# 39 WfjgRF A 2fE SAT ARE A1~
A-4X2E ER735to] wighgo] wtet 244AE 2 €54
ABE FAsch Bl LAZAHZEE 5.0%
A F7MA R, TR |RE EeElste] FUT &
SH]o] i th=of T FFE etk 4G4
FHINE 4) HH0] Bho] ALEE |Fo| Z7H9
I, HAFE|(OMC)= fash=z 43 vl 9l
o), ol H40] 2L BT 4 ke Hol 17 o
Solch. 722 7t A2 Ao uet rekx A
M)Az YEs} 4 2 A2 AR7E VA e b
EpdiTh A4 23 egkel Zoj Yot BE AR}
AR TS HOIFT A49) FS ZEATE M 2
2 Zrol ARt AP Y] QIR EE A Hol Y=
EAKwell graded soil)etile T 4 Qich

AEA S 23} pu7h 22 FHoAM EAFE o
Aol wet 2A HekshH(120 ~ 160 T -cm/watt), Z2
R =2} stejekx $<euof uhet 50~ 160 C-cm/watt 2
MalslEe oERT el g3l o 2 Aes
et 13). T ol e € A2 A 13
£o] 27] 2o H=E AAA7I= vl A7
7] whgolt. w3t SU FHu] W A ZAGA
Azk 9 meo] TEH|7E 50 : 5091 A2 Ao HL

LX{ & (T-on/W)

e (%)

O 13, S4uie xdae) BAAMER)

218 E=XEZEERI=EE 18 Mb=

A-1 ARBETH12~15% AAF o] st Aoz U
od, gagre o wiet F 2bol7t glgich
upebs] 22 fRet siejets 3] 2 AR o
w3 bt XA} SR & = ok

AR F 540 7MY £2 ARe A4 29
o] ujgo] 50 : 50 A2AIBRA FATFS T4l
ute} tha 2ol 9ot ZhmaEfe] 50~60%0]H, A4
9] 33~50%, &<=H] 2% oY we] 72| A2 &
Abeta, AzAl A8 oF 110%2 Yepdth a2
a2l 70~75%, H49] 55~60%= vretytct. whet
A A ul e YRE L B¢ E5YAE A
T4 USE ¢ 5 or, HEe EFAE o183
A g 59 @ 5S4 FH M+ Ae A
o2 HoE)

ot maf B AZE 2ER R TS0 7] g
ol o = A FATE S AR ARH
o, FF 27HAd EFA Y uigA o] Bad AR
et

332 B, C A&

AR A2EH1E 7202 weljo} A4S
7zt Zgste] BAAIE 2 EEAAIEE 3t
Sz GEAAEET 2L 1Y EAFA=
115~350C-em/Wo. 2 7rmeje] oF 2ujo] @3l ot
st igEE EGE A4S 8y 4 Rz et
A A HIE AHE R} sch

EAE AT BARS] AP AREHT DIAYRY
7H&0] 31.6%00 4] 29.5% W& tha sl o,
YAz EE Az Hadsch ol ARAEAESE Y

o] FHHSLT Y AZEULY hgaFe] Hopd 7)

# 5. B, CAlRS| EMAH H1}

NELE CHEAIE H 24
Hl= ==Y =% =)
s\ | | e |OC 43R | 5 | 3B
3.08 2.17 10.0 29.6 | 3.44 1 1.02
3.00 2.12 10.5 29.3 | 3.50| 1.08
2.92 2.06 11.0 29.4 | 3.64 | 1.02
2.83 1.96 11.5 30.8 | 3.85| 1.04
2.87 2.23 9.0 22.2 112.34} 0.44
2.83 2.19 9.5 22.5 112.89| 0.46
2.78 2.17 10.5 22.0 |13.49| 0.48

2.74| 214 11.0 ) 21.9 114.15] 0.42
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08 14, 3=eH|2t A S| 2A (BAIR)

QUob, 7H9) it THIEY} SRS o)
a3 gtk B3 TEAS U FEASE th S715]
USRI} FolHEE & 5 UTHE 5).

AN BT GAYe] 71 WA Uehd BAAE
o 79 mee] 100~120%9) BAPAE Uehgon,
Aol 60%2 Vet GEA] A AHES
o 2= YIrHIY 14). 2 B-1AIRS} o] W2sY
o ool B A9 AAHOR AXYLLE A ekt
out Poulo] T AR Wk AtiHoE Agr,

AY-Azed BN ERAY CARS H9 A
2&3719) 1 go] FrH O AL CArEY AR
A7k 7P A el 19).

=, @] ool IATHE ARo] AS
AR gk Bo)T otk ARIAYE AEEc) of
40% 2 k& Lrehfo] @4l e Mat auE A
Eot 2@S & 4 Uk o4 AR 3714
Aeg Y5 BT A3t A2e] GAAR of= 2w
e @Al A et Bl ot @54 A4
a7 AARE & 4 Ytk

333 D, E A&
D, EA| 28] B4AIEE I & 60 AXH Slet

E 6. D, EARY SHAEHEY

NEL HEAE A2
o HE | .. |oMc|z38| 25| 28
NEB lemd) | %) | () | A | A

D—1 2.67| 2.14 9.5 | 19.9 [20.91{1.83
D-2 2661 212 9.0 | 20.3 [17.50|1.48
D-3 2.65| 2.07 9.0 | 21.9 |14.62] 1.36
E-1
E-2
E-3

2.67, 214 | 9.0 | 19.8 |33.57|3.42
2.67| 214 | 9.0 | 19.9 |30.56] 4.04
2.67| 214 | 9.0 | 19.9 [17.59] 5.30
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2 Aol 4 =HullEAe 49t 5

= A02 IHA Uk wEhA 2 At
A YA Bt 2%t HlEAE Esh] fist
of A AMET e FEHE IR IR FLA
2 % EAe AFE Sviet =R S48
I, O 2REFE o 28 I

(1) BEAR] GA2 & YA HEA4E, 2%, o4,
YA E 27, d=EE, FH2E 9 oy
ol 9% =t

() 9% €A FuHe dMF = Fnlof et
50~260[ C-cm/watt] &2 AZA|9} 59418 FA7}
o] ¢ 5~6H2 207t FATE & = YA

(3) A=A R 7582 oF 32[%]0lH,
ma) G ol o5k 100[C-cm/watt]0]8}] AR
XS BV BV AR yEth
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