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Study on Wind-induced Fatigue of Double-slope Roof Panels Considering
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Abstract: In order to study the fatigue damage distribution law of metal roofs used in long span
and low buildings under wind loads, taking the double-slope roof building with a slope of 1/60 as
the research object, based on the wind speed and direction data from 1975 to 2019, the fatigue
damage cumulative value of the double-slope roof panel with a return period of 50 years was
studied. The Gumbel distribution and the mixed Von Mises distribution were used to describe the
daily extreme wind speed distribution and the wind direction distribution separately. The single-
parameter Archimedean Copula function was used to describe the correlation between wind speed

and wind direction, and the joint distribution of wind speed and direction was obtained. Based on
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the wind tunnel test results of the double-slope roof, the cumulative value of fatigue damage of
the metal roof panel was studied considering the influence of continuously changing wind speed
and discrete wind direction angle on the fatigue life. The results show that the fatigue damage of
double-slope roof panels is closely related to factors such as the dominant wind direction and roof
position. The cumulative fatigue damage in windward eaves, corners and other airflow separation
locations at the dominant wind direction is much larger than that of other areas. The maximum
cumulative value of 50 years wind-induced fatigue damage for the double-slope roof is 0. 746
under, and wind load can cause fatigue failure of metal roof panels in windward eaves and
corners. For metal roof panels, wind-induced fatigue damage is a huge hidden danger causing
wind exposure accidents, which should be paid great attention to.
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Fig.1 Australia Trapezoidal Section Metal Roof Panel
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Fig.2 Measured Wind Speed and Direction
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Fig.3 Wind Speed Probability Density Function
Fitting Result
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Table 1 Fitted Values of Harmonic Function Parameters
n=4 n=>5 n==~6 n="7
i ao
B v R? B Vi R? B Vi R? B U’ R?

1 —0.175 | —1.528 —0.175 | —1.528 —0.175 | —1.528 —0.175 | —1.528

2 —0. 049 0. 389 —0. 049 0. 389 —0. 049 0. 389 —0. 049 0. 389

3 0.029 0.242 0.029 0.242 0.029 0.242 0.029 0.242

4 0.163 5 0. 044 1.109 | 0.903 0. 044 1.109 | 0.951 0. 044 1.109 | 0.958 0. 044 1.109 | 0.990
5 —0.030 0.127 —0.030 0.127 —0.030 0.127

6 0.024 | —1.181 0.024 | —1.181

7 —0.027 0. 000
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Table 2 Fitted Values of Von Mises Mixture

Model Parameters

) n=3 n=4
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1 |0.140 | 1.000 | 4.016 0.404 | 3.233 | 0.829

2 10.650 | 3.113 | 2.535 0.308 |12.733] 1. 887

0.912 0. 994

3 10.210 | 6.283 | 0.585 0.234 | 4.104 | 2.775

4 0.054 | 8.333 | 4. 804

2.4 REKEEKE S

DR IR T 5K 0 A s T A BE - P A XU
JRUTE] 5 AN 58 2 AH L ST B A 22 8] YA DG M E
ARE B H g Copula bR B0 #) ) VZ IH

T it A ml KUK 4 2R A U, 0 JL AR B 5] A K 3
it A A AT A TR A, 2 Ah B BE AL AR A G PR AT
ROTERS . W ARSI A SR REAEN
Copula pRECHE ST XU X ) 3R 5 43 A A

Copula p& AT LA 23 531 25 172 B 09 31 2% 3 A1 AN
A7 8] B9 A e M . Copula pR BB 3 2 #E ., X 1F A
KM T HoR g . 2531 F(o) F1 GGy 433l
Ry WG 5Ai pR AL £ (o) Fl g Cy) Ry %o o Fe) AR
R R W 2Ly BYIKA 2 A R L (s y) FIER
AR R (2 ) AR N

L(x,y)=C[F(x),G(y)]

_ICLF().G(y)]
IFIG

AR G B R Ry 4 Fh S 80 Archi-
medean Copula pRECH 15 XU X [ BE & 43 4 » Copu-
la PR FRK AR 3 Fron. 1R H Kendall B4 ¢
ZBE A A S Archimedean Copula bR %X
el
v = 2> sign[ (), — ) (2 — 25,1/ [MM —1)]

(6)

I(x,y) f()gly) 7

(8
ArhresignC e ) 75 R EG M R B DEG 00x
ﬁ?}’JLJIIJ%:Z/T\‘J?@JII N2 'T‘E](J% i/l\\%j/l\iﬁﬁsf %7
R FREL.

% 3 Archimedean Copula if %]

Table 3  Archimedean Copula Function

Copula BUA SEBR
C,(uyv) co(usv) “ Kendall #AH 56 % % “
2 A 3 [ BiA
GH exp(—D) exp(—D)[InCw)In(w) ] 1 (D+a—1) (1, +eo) ]7L 0. 881
¥ p woD? 1 ’ a ’
Clayton (u—edo-e—1)-L (lJra)(uv)"H“’(%ﬁL%*l)’(%”) [0, +co) /(a2 —0.238
a a
[aCutov—1)+1](1—a) +aquv(l+a) 2 2 e -
/Tl —a(l—w) (1— - . —1. — =L (d—a)?n(1—a) | —0.70
AMH wo/[1—a(1—w) (1—v)] DD T [~1.D 1= D2~ | —0.705
1 (e ®—D(e=—1) qes oD (g0 —1) 41 o P
Frank | ——In[1+ | e e e RV0) | 14— [ ——fde— 17| —0.003
IC, (uyv)

1
F:D=[(—InG)e+ (—In(w))]a 3¢, (usv) =

dudv
P T b XS A B T AR B A R R o=
—0. 135, &7 XU AL ] 522 B 553 1 AH DG 1 .
IR (O HEHEIE X «€[0,30]H € [0°,
27 N 2k 480 AN B 1k Ak XU SHE R 1] BB6 B 40 A1 HE R %
FELAE AN SC DB AT 3, il 3t R K3 4 Fhoy
BWPLA LR .
Fu,®=c[FQu) ,FO]f(w f( (9
K. e o)Wy Copula PR BB G F ) L f(w)
5350 R 2K Gumbel J A 4 348 (9 XU THE 53 A oRi Z50F AR

RO w0 B BEHLAE bk 0 03 A5 BRI s 0 S R TR RE SR

KB RBG ) . £ 55 kK Von Mises 43
A7 A 08 IR ) 43 A R BSORIARE 38 2% B pRAK

Kl 4 Sk H 3 il Copula bR ECAM A B AU E XL )
K M 232 B bR B L 1T DL M = 3 34 ] e
JE T B 3 KT A A KU AR R H B R
A A F AR . RS SR, GH,
AMH .Frank = Copula pR %L & 45 5 ¥ 847,
AR 3 Kendall B AHC R BT 5219 GH Cop-
ula BRELHI B E o T 3 3 R FTR IS EEE L E



6 AHAFE TRFR

2022

\]
0 2 }
)

w0 v >
R

(a) GH Copula

(b) AMH Copula

(¢) Frank Copula

B4 KMEXEBBAMEZEIRBUSER
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Speed and Direction Fitting Result
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