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Tab.1 Criteria for variable significance determination
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Tab.2 Structural parameters and smoke density data of large-diameter cables

FE 5 B AME/mm SR E/(kgkm ) REEE/(kgkm ) EBRKEFE/(kgkm ) AR E/(gkm)  BHEEE%
1-1" 26.6 4276 1737 502.0 284 45.0
1-2" 245 978.0 1125 345.0 6.7 59.0
1-3 294 1722.7 783 448.0 35.1 61.5
1-4" 24.6 1957.0 0 195.0 47 76.0
1-5" 236 877.0 60.5 295.0 418 58.0
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Tab.3 Structural parameters and smoke density data of small-diameter cables
BE S HL 45 41 17 /mm S 5 B (kg km ) TR 2 R B/ (kg-km ™) HoAh 5/ (kgkm ) B /%
2-1" 10.5 87.9 90.1 2.6 54.4
22" 8.0 205 60.7 0 63.0
23" 7.7 32.7 52.8 0.5 58.0
24 10.2 84.4 86.4 1.0 58.1
2-5" 9.1 84.4 67.1 1.0 65.0
2-6' 6.8 20.5 45.6 0 46.8
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Tab.4 Correlation coefficient matrix of variables for large-diameter cables
MREI 25 FE HL45 % SRR % )@ Bf W = kG i = HoAth i =
B 2% B 1.0000
PAXES -0.1739 1.0000
SR 7 = 0.8864 0.2776 1.0000
4 )@ B W = —-0.8068 0.1121 —0.7830 1.0000
[E2: Yidg -0.8279 0.6805 -0.5104 0.7257 1.0000
FAth Joi = -0.4299 0.4004 —0.2450 0.0518 0.4906 1.0000
x5 MRABEKTEEEXRBER
Tab.5 Correlation coefficient matrix of variables for small-diameter cables
Tk 1 JH 2% FE IR Y e SR = 4 @ BE W & HAth i &
2% FE 1.0000
SR = 0.1892 1.0000
Sz 0.1863 0.9288 1.0000
kA4S e i = 0.1102 0.8811 0.9906 1.0000
HoAth 7 = -0.1065 0.8282 0.8749 0.8687 1.0000
AHIGE HHI
70 F 1.0 65F 1.0
60 HHE 2 . 0.8 60F 0.8
50 F - ‘ . 0.6 55 A% 06
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Fig.1 Scatter matrix and density ellipses for correlation

analysis of large-diameter cables
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Fig.2 Scatter matrix and density ellipses for correlation
analysis of small-diameter cables
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Tab.6 Goodness-of-fit metrics of large-diameter cable

regression model

B Ry Hyminz WERSE W% SEAD

0.988 0.979 1.24 59.46 8
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Tab.7 Goodness-of-fit metrics of small-diameter cable

regression model

R Ry #ymigz FASHE W% EEs

0.999  0.997 0.355 57.16 7
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Tab.8 ANOVA results of large-diameter cable regression

model
77 Z R B P 0 Fy, p
o 3 49556 165.19  107.966  0.0003"
R 7 4 6.12 1.53
8 1E A 7 501.68

E: *NTE0.05K T R R EA K.
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Tab.9 ANOVA results of small-diameter cable regression

model
T7 Z VR HeE  CFEM B Fy, p
Y 3 21730 7243 57384 0.0001°
W 3 0.38 0.13
1 IE A 6 217.68

VE: *NTE0.05KT R R EA K.
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Tab.10 Regression coefficients and significance of large-

diameter cables

T REMGIE AR ty, P
i 61.43 2.76 2225  <0.0001"
NG 0.0129 0.0013 9.57 0.0007"
FERRUR R -0.0552 0.0074 —7.44 0.0017"
& )& Bt Wi 0.0316 0.0150 1.68 0.1077

E: PNFE0.05KT R R MK,
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Tab.11 Regression coefficients and significance of small-
diameter cables

& RBUGTHE  ARdEiRE fy P
B -156.76 5.201 -30.14  <0.0001"
VX 23.65 0.738 3204 <0.0001"
AMERERR R B B -0.37 0.011 -33.92  <0.0001"
i A 3.43 0.151 2277 0.0002°
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PE Ak J5 1A 28 B UE A
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Tab.12 Goodness-of-fit metrics of large-diameter cable
optimized regression model
R R 3977MR% AR W ERERD
0.9748 0.9647 1.59 59.46 8

®13 MUBARRTBUEERVIERFZE S0
Tab.13 ANOVA results of large-diameter cable optimized
regression model

Ji B HEE  CFHM W Fy, P
A 2 489.0 24451 9663  0.0001
R 5 12.7 2.53

1% IE & Al 8 501.7

e FNFE0.05KT R E MK,

KRR~ B 25 RN /N ROST B 25 1) 00 2 S s fEL
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Fig.3 Actual vs. predicted smoke density of large-diameter

cables
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Tab.14 Regression coefficients and significance of large-

diameter cables after model optimization

T REMEIHE bRERE t, P
i 62.7 0.04125 1544  0.0001"
kA% 1 Bt & -0.045 8.169x10°  _568  0.0047
G4k & 0.011 1.551x10°° 702 0.0022°
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Structural Size Influencing Factors and Predictive Model of Cable
Smoke Density Based on Multiple Regression Analysis

WANG Hongxing
( Nexans (Suzhou) Cable Solutions Co., Ltd., Suzhou 215124, China )

Abstract: To quantitatively analyze influence mechanisms of cable structural dimensions on smoke density and
establish predictive models, multiple regression analysis was employed. Coupling effects of conductor weight,
silicone rubber weight and outer diameter were investigated by stratifying datasets based on a critical diameter
threshold of 20 mm. Regression equations were constructed based on historical experimental data, with key
variables screening through F-tests (»<0.05) and variance inflation factors (VIF<5). Results indicated that for cables
with an outer diameter =20 mm, smoke density exhibited a positive correlation with conductor weight (=0.011)
and a negative correlation with silicone rubber weight (f=—0.045). For cables with an outer diameter <20 mm, the
interaction between outer diameter and silicone rubber weight was significant (f=—0.37), while for every 1 mm
increase in outer diameter, a 5% reduction in silicone rubber content was required to suppress the surge in smoke
density. Model validation demonstrated that prediction errors within £2% (R2>O.97) could provide enterprises with
a quantitative design tool for material selection and structural optimization. The study transcends the limitations of
traditional qualitative analysis and lays the foundation for intelligent algorithm-driven precision design of cable fire

safety performance.
Key words: cable smoke density; structural parameters; multiple regression; interaction effects; fire-resistant

design
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