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Abstract: In order to establish a post—disaster performance evaluation method for self—tapping screw joints un—
der typhoon, firstly, the time—history wind pressure coefficient data of the roof based on wind tunnel tests were collect—
ed. Secondly, typhoon simulation was carried out to get information on wind speed and direction. Then, the coefficient
matrix of roof wind pressure during typhoon transit was calculated by rain—flow analysis method. Finally, the node re—
sistance degradation model under different wind speeds was calculated. Combined with the typhoon load model, the
time—varying reliability index of self-tapping screw joints in coastal cities was obtained by the Monte Carlo simulation
method. Thus, the wind resistance performance evaluation of self—tapping screw joints based on probability is realized.
Besides, the analytical solutions of the wind speed and wind direction of the simulated typhoon are given according to
the method of simulating typhoon. Simultaneously, the mathematical model of resistance degradation of self—tapping
screw joints caused by the typhoon is obtained. Through the analysis of a numerical example, it is concluded that the

reliability of self —tapping screw joints is significantly reduced when the typhoon induced resistance degradation is
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considered. When evaluating the reliability of self—tapping screw joints for light steel roofing, the target reliability in—

dicators in China’s codes are relatively conservative.

Key words:roofing system;time —varying reliability; simulated typhoon;self —tapping screw joint;resistance

degradation model ; Monte Carlo simulation

Bifi 5 R L Ml 1) e AN A A DA B Ei S
T HUR AR B AR, TR SRR
Joj U2 FLH R B J2 THT R 0 A2 PR AR 2% R B A
MLt B BT A . TR RS s
K, TE SR = AR A SZ BRI T ), B ST
SAMEE S R AR R, DTS 3O AN = T
RYRAE, P, B0 B BT S R PERE AR
L RAEESY, N E BB R R SR RS
A S BRPE A P AL R S 7.

HAT, A& MIAASEZ XS 3 T 15 S P
PEREIEAT T BFSE. ZERIPUXUIERE T, Xu 4659 F1
Mahendran! X} 8 K 75 FH %) 240 J2 1T 05T 15 6
AT TR, IR T 5402 I R SRR
F A BT m AL SR IR TS, A3 BT AR 26
JEFUENAR AT s SR R S T XU R BB () 52 R 26
TENT S A% 57 ORI BE 7 1T, Morgan 587 Beck 45
TRUT T B SO i e i 2 1T & A 98 57 5L e R 1)
AIREM:, R ST I Ee R, & XUWE I B Bk T
9 B AR R R IR A LA AR RS, AU I R
P o TSR SR 5 F SO R0 57 i i T i e
. SR, A RO R AR R i 1 Aok A
iy, HI sl A & FERTHS. [, Mahendran!" 48 2 b/
FEBIRYEIN H T 5 THRAE B B AU R T
R Ge A e ROBE R IEA5 2072 0 . Xl 12 % 17
FRfar 3 B 5 B A AT A B AT, Bk T 7R 5
it ES, SEEA RN E G R T2%
TEPT IR PR XUE REE PG F S B E R -
T, KA G IR B TP EESE T 172 JuFlAb. 78
B R GE K G PEREVTAS 7 TH , R IF 07 E N T B
RAE R AN ZE A i IR A, $ i 1 XA
ST R TII 23 By 7 1 55 B ) PRAEU X B A &R0
BN TR IR, e AR R A A R R
M), BT 52RE R PR 153 T &2 4 SRR
R IRHE A 2R, Mahendran S5 1o 16 RGP DI
X H YT E AR -TEMR R G TS, 26 1 T 3%
2 1T ST 25 A8 i 57 it 2 L Lo 97 R it

J5 B, Myuran SE0 B 30 EE G Ko 57 5,
FIE TAEREA T A BCET A 5w i R 3T
SEWEST B AR B 1 05 5 — T e, AT R
RN SO ST ORI SRS

TR S AT 5 RERESE T T, 5K S S E A R B
LRI AT B AR b, ST AT
GRRIAS AT R BRI, R AR [R A AR AR A
A FRDPSE TR AL AT PEA RO, R T
AR AR o R R R A A I A w1 A
BT R ERAF PO AF Ih AR AI R] SARL AR 114
AN, A5 S IR AT SRR T BRI T B IR AS
FE B WA Bl e BT, LB AR5 i 3[R
R e T BB I A 25034, IFHIREHE
S H Xk D S5 A 14 P A e A AR 3 X
ARSCE BTN G RS, BN E DT A
PUITB AL REEE IR 5 AU 300 K A= T 278 . R 26T
A AR ] FE R R AN RS, R
SFR B IO,

gi brid, ASCE Sl B A X O FTX
)Tk BIHE T AU 28 Bt R s , 3 3k W 3 o A
LA 2 & W i A A XU R EOERE s FESE A K
B R A AR BT PR IR (LR IR AL, 5
AR XU T S (EL A A AR AE B0, AT A3 A X0 ET
WRAES KAER T BT BT s Ak ftf 5T
WEARI B BOET T s TR REIEAL , 204 I B 25U
TEESRTT A TR R RIS ] REREFE AR B IR T i

1 I AT R S

ASCHES SR B Y, BT 1w A BT
STER R 97 VERT T By A8 ] SERE AR T [ 1
(a) Z5HY T H BT RO S7 BRI A2 5 B35
BT, B BCETHY TN R BB Aar 0 SO
b 2ROV ) AL AR i 2 = 1T AR S i —
RGNS, ABAET I RN R T FE AR, fi(r)
SsCs ) AT T s AR B 5 HE PRSI e (1) s (1)



74 R R A4 (A AR BER)

2021 4F

3 RABT I YA A 2 B ] 8 AR £ DG .
TR A 1(b) PR, Hd Z=R-S A& 7K
BIIBRRAS RS, X A RS AN = 1 R
48 1 BT SR 7R, B TR AT .
W' 1M ABUIEE B WA

A

R,S

Sfr(r)

f;(g i
“ | |
0 u n /v Iy & L Iy L

(a) W ASATHE RETHEERRY

/Lk(t)

r=us(e)

BTG S LG, By
1 2 100 Ji A & X550 7115 B
|

‘
SRR L();

A 4
bFfT%EPiss n/\ﬁfﬁ ’ﬁ\ARL{/Pm T 7
J?ﬁJEOWe?huﬁ Faxiil ! m%& s, | VIR Ry I

S AR | 7=R-5,<0
GIRFERT 8, =22l R R, AR, -=»

Zi=R\-5>0 !

HiJ1IR1E AR, .

BRUEA S,

Z=R-S0 *

. Z=R,-$,<0
PLITIRAK AR,

Z,=R,~-$,>0

\ 4 Y
[ttt | N a4
(b) P2 AT 1
A1 wETEEFLF*®

Fig.1 Time-dependent reliability assessment method
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Fig.2 Principle of the rain flow count method

KU R A7 26 1 TR R 500 (R 1 ) T~ KU A
P, X TS JC A 55 45475 1 22022 AN AR A
Pt pE .
R1 45° X AbRUE 7 H5E R
Tab.1 Matrix of wind pressure coefficient

at 45° wind direction kPa

(EEg TEFA fiy 7
T
W 02 06 10 14 1.8 22 25 29 33 37

0.1 920 15 00 00 00 00 00 00 0.0 00

04 5905 485 50 20 00 00 00 00 0.0 00

06 2910 320 130 60 20 10 00 00 0.0 00

09 280 30 10 10 20 10 00 00 0.0 00

1.2 80 20 00 00 00 20 20 00 00 00

1.4 2.0 1.0 00 00 00 00 10 10 05 00

1.7 00 00 00 00 00 00 00 00 05 0.0

2.0 10 00 00 00 00 00 00 00 00 10

2.2 10 00 00 00 00 00 00 00 00 00

2.5 20 00 00 00 00 00 00 00 00 1.0

1.22 HEé Kok

DB KA

3 U R R 15 X, T 57 %
o7 1A 2 — B s ] o XU R P R R I b AR B XL
R ] FE LR (] P P AR R s R,
A 5 W2 AE & RGE R A 30 270 XUIR B A2 Y
NG A R R PR AR 1 Ry 28, L XUEAR B 15 XL
AT bR R A T .

G RS A, XU B3R A [ 7 1) XU e
HU T p B IRURGEH R KR 242 R RUHIR i
& U DL EHIEREA R R NER. 2 = /BT 3
FIEm ), 7 H (A ARG ) 5 d R UL T3 5 )
— B0 AR MR B == =2 1 A A5 B AN TR XU
R R BRI S &5 KA T3 2.5 h 5 B8 G7
JR AT IRUR BR AR (9300 5, GBS a0 o 55 ) ) o
Jeff a hy 00, G XU A BE 0 Sl 75°, R 3
BT 05 A B AR AU 1 0. AR PRI 2 5 A KL
B AR X 32 Bl , 75 21 XU B 5 2 AN TR 7 A B4 XL )
J R,

T H BUET 9 s 098 55 45 3 5 5 1 ey R L
TFAEFRRECE 5, AR R AR 6 B e A5 2 i XU



76 R R A4 (A AR BER)

2021 4F

RBUERE , far A P B0 B sk ] ) i i
. SCHR[22146 H , 76 5 R B3 ] SSe B0 st fa]
(B (A2) A 15 min fe i B2 T80, Hid & KUEAE
FHEFE] 5 h N AES — IR i — IR S B ist [ [l ik R
7.5 min. FHEE LEZ AT R [RIRR P9, S50 T 52 2] B XKL
[v1) £ FIP-325 RGH A A2
SR SRR
ARzt ] Q: PRI E1 R

‘ (R PR 7
=l el

B 3 ARG KB g ] o Rk Ao R ) AT AR AL
Fig.3 Analytical model of wind speed and

direction during simulated typhoon passage

2B RUXGHE )

R T E B G KU XU, Walker 862145 H 28
AT G KA R v, 10 moE BEAR ) i
K 10 min FFRGE V.

V=V(R'II") +U, (5)
K.V, = CV1010- (px10) ,p FEKF LK
JE , kPay R A WA XU Ab R 2428 km s B o) 3 5
V(R /7" ) e g R Uy Ay g s A (LI 3) ;€ A
k RE e, aT i A KRB LA AT 2 K Sl H TR EE S5 40
KT LN SEUBE" Y = R B H B I
RS, 38 F R0 X — 2SI P 458 L [ AU 7 B
1.7,3 s e RIEMEXGHE N 70 m/s. Horp, & XU KK
JE p =93 kPa, KR ATHEHE U, = 2 m/s, W E XU ik
B2 R =25km,C=4.5,k=0.67.

3R F5 AU R IR i) Bt 15 e ] 19 56 3=

FET IR G KA ARAE : (a) AR 5 K
T 3 A TR A ] B B g RGN, e,y = XU 3
BIAIE 4 m S EEAL, B LA TR EO 2 560 0 T
[ 10 m &AL 10 min THREF A (6 F LN 5=
BERIFTTRY ) 4 m =5 BEARRA 10 min JE2XGHE ; (b)
I =1 JLART 56 22 o) s iy )l A ) B BB
R

PSS 11 Ao prassala)fs, BPEI 3 H 7=25h,
VI my sl 5173 e Mok 75° 0" = R' = 25 km X

—IEH A, AR 10 m 5 BEAL B K 10 min 11
BIXGER LR 42 m/s, BI & KU K UImEEEh 40 m/s,
RIUERE U Ry 2 mis. FeHE CRESRZE MM 23D, %
A H 55 BT XA 4 m =5 BEAL 10 min 3HEEIRGH
A 42 m/s, B

Vo=Vl {5 (6)

KA V. RIEREE 2 m AEAY 10 min TP R, m/
$;Vio A 10 m = 10 min FEHXGE, #5440
RBIX, KU e A8 R BT = A 10 m, XU T
FEEL o B 0.15.

K (7R (8) 735l 25 th T A UL & RT 2%
A R (4 m 5D 10 min 1) 21 F 6
BT i -

! k : 4 k
vzvqwif,) HU2: UV, [ | ccosar

(7)
o = VIR +d) ,a:%— arctan(§ H,d:
|U+(9000-T)|,T=At* (n~1),n=1,2,3,-+,21.
P 2
_5 . V34U -
G—Wﬂ'idrccos f [Vp( - ) ] (8)
2VU;

K0 AU FATE s @ AT S Y] ) MR S A 5
RS B RIREE 25, m;d @SS & RXER 78
AR FIBGEIE B ms T & RAVEFBR], s5n 5
Brist [ IR . s5n R0y . HX(7) (8) Fris S )
HA B BN 8 m, BRI B34 R s,

Bl 4 25 TR XGE R, 3 s TR (e XU
50 ~85m/s T, FERAEFH 1.7 B, 4 m 5 BEAL 2=
FANLE 10 min JERGE R AR L.

60
I |—=—85m/s—*—80 m/s—&— 75 m/s—¥— 70 m/s
55k —*—65 m/s—4—60 m/s—>—55 m/s—e—50 m/s
FoLE AR XL
50
E 45-' L
2 40F
]Z Y wead
& 355
£ f
30
25
20 I 1 1 1 1 1
0 50 100 150 200 250 300

5} 8] /min
(a) Py XA AL,



55114 MRS - Az T B BCET T AR 6 XUE R B AR AT 48 BE ST 77
120 R 2 A5°ZBRR~TRUE REERE
8wk Tab.2 Matrix of wind ffici
105k | —>—80ms ab. atrix of wind pressure coefficients
=TS mis for actual dimensions at 45° kPa
—v—70 m/s
-~ 90 —4—065 m/s J I -
< —<—60 m/s RN PR 27 R
X —»—55 m/s g
& Br | ——50m/s fi
B T AR A XU HE 0.2 06 10 14 1.8 22 25 29 33 37
X g0l
0.1 697 11 0 0 0 0 0 0 0 0
45t
04 4475 368 38 15 0 0 0 0 0 0
300 50 100 150 200 250 300 06 2205 243 99 45 15 8 0 0 0 0

[} 8] /min
()P X U Y X 224k
A4 REARALRGE & KA R A 18 69 KR B 6y AL
Fig.4 Variation of wind speed and direction during

typhoon action with different extreme wind speeds

T 5 KU R DT 1) XG5 T U AR
AR (AR XU e A SR ABRGR FE M/ IEEAIR 53
B AR AR RGHIT 25 IXUT) £ B2 sl ] — 4% k.
1.2.3 A FTEME Wik #3569 % R R T B @R E &

R 4B %

AR IR S B R XU R B, X 1 A ]
Ti) B PR 8 XU R S R (L3R DR T an A= 9) iy
e, T 75 2 52 B RO 2 17 XU 2R 80068 B (L3R
2), FAREAG 5T

D)3t XT 1.2.1 95 13 AN R XU A 8 2 TR
T Z BSR4 BRI P 6 B R A 7 2 PR A 4, DA
M ] 4 v 21 sk i) [ B PR X6 1 XL £ B A XL
JE R BERE.

2 (9 XU FR 8 P (g A R I %50
XTI SERY S5 A2 Ry S o R 451

Vi . T 1
N - ]\'/'“1 o 1. 1 . 9
' V\s‘t 71\\1 Zﬁi R [:[j ( )

AP Ny R SEBR RS 2 1A XU R B R R R R 3L
Ny R R S 55 J22 TR XU 2R B0 B AR R 38 v, R
&l 4 Hr K 10 min P33R, m/s; T U V)Y
FEZEITA], s, B4 s (E] (R B s V., R XU A P25 XL
L2928 10 m =5 BEAL 22 m/s; T, S KURAE FH S R], 29
FEEBRZAE T 20 000 s.

XFF 15 min ZpAfrEHE] (EIRR, @L ER TR
ATLASE 21 AR RAT JE5 A XU R BUHEFE. L 3
s FRAELXUH A 70 m/s (A5 KA, 450 U] T B SEFR R
~HRUHE ZR B L% 2. 3 R R B R, R PR
K EAE P TERIE PR E ARG FRIE AL . FE G
IREEB G BRI JEPR R BT ] /)N,

0.9 212 23 8 8 15 8 0 0 0 0

1.2 61 15 0 0 0 15 15 0 0 8

2.0 8 0 0 0 0 0 0 0 0 0

22 8 0 0 0 0 0 0 0 0 0

2.5 15 0 0 0 0 0 0 0 0 0

1.24 & RE A SATT B4 A BALEER

M 1.2.3 1Al 1532 — 0 5 Kud B e 21 St
[F1] [e1] B 0 1 3 21 A4~ U] A 5 ) 1) 52 B RO 2 B0 XL
FEZREOHEFE. NaS SNBSS AT R, Tk
WUEZEL C, FeA R C ARG 1 X2 E w0, kN/m?:

w = C,*wy (10)
FCH 1w, = 071 600.

R DU R TR AR (R BE A 1 m, V125 BUTE
RV AR B854 o 0.25 m, D) XUy 2804 P TR AR
0.25 m. T HEHT R, KX (10) Hh XUATER
18w BN IFREMIER, B 52 2 KUE R BRI
S RO SR RN R N = Rl ) WAE . SEN: ) 22w

w' =0.25C,*w, (11)

BETAHSC B BUET Y RO 55 i 1 Y G — il 2
R FEAN R G R, SRAE R A 84 R
P ITRARAE AFCEA A kN) 58 o AT
KER:

AF=3x 107+ (0" )02 (12)

Xof T — A 0 S B RS T XU 28 80
M, i RPUZHERE AR AT BEER ' T BIHT
JIBALAE AF-N;, AT LIASE] n MEFMar G0 B T 7 2R
TR,

AF, = Z(AE-M) (13)



78 PN == QSRS R Y

2021 4F

X FRSE—E R G X, @A 21
A 5] o] B 14 S B RO 2 18T XU ZR 350 B 4 7R
B8, DL 3 s TR XGE 70 m/s R, 45 THAL
RAEAY BSR4 (R 3 P ). Hd A i1, &
& KGRI 10 min TR, 38 32 B g B ] ]
B BB AR, SRS 24T R E BE & XA
FHE ] A A 22

*3 70 m/s BREHIRLES
Tab.3 Distribution of resistance degradation

value caused by typhoon of 70 m/s

‘RIE R £ IR/ B iR
A [E]/min fE/(°) (m-s™) FRAE/KN
75 41 31 0.007
2.5 44 32 0.014
375 46 33 0.014
52.5 49 34 0.016
67.5 53 34 0.016
82.5 56 35 0.017
975 60 35 0.018
1125 63 36 0.019
127.5 67 36 0.021
142.5 71 36 0.023
157.5 75 36 0.024
172.5 79 36 0.022
187.5 83 36 0.020
202.5 87 36 0.018
2175 90 35 0.016
2325 94 35 0.016
2475 97 34 0.016
262.5 101 34 0.016
2775 104 33 0.016
2925 106 32 0.015
300.0 109 31 0.007
AT E 0.351

BT BRI, AR A ] 5 KUXGE T
HEET s DU IB AL R ] A o0 A, e A5 2]
SERAEAN R R 5 RUR 2R B BT R BT H

WA 0, 3 4005 i R AL, ANl 5 om.

1.6

1.4 |
P 1.2
<
S0t
sl
%0.8
EO.G r
04
/

02 i
0 . . . . |
25 30 35 40 45 50 55
KGH/(m-s™)
B 5 &R A AT S BAHER

Fig.5 Resistance degradation model of self-tapping

screw joints caused by typhoon
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Tab.4 Typhoon parameters in southeast coastal cities

Wi u B A

ki 17.49 1.50 0.25
T 18.16 1.61 0.30
R 18.38 1.58 0.38
M 18.76 1.62 0.42
JEI'] 19.23 1.73 0.50
=E 22.09 1.83 0.54
il 17.00 1.72 0.49
I 18.41 1.77 0.54
ok 18.10 1.79 0.55
T 18.04 1.80 0.52
AN 18.66 1.85 0.55
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