[ 4 £ 5

50321003

xuan

A F

2004 1 12






SWDP

SRSS LRC



Abstract

Since long-span roofs are generally light, flexible and low damping, they are prone to
wind and the wind load is one of their most important loads to control the structural design.
With the development of economy and progress of science and technology, more and more
long-span roofs have been built, which have individual characteristics in architecture and
structure. Due to the complexity of long-span roofs in wind loads and structural style, thereis
no effective method to research the wind-induced dynamic responses. In order to provide a
systematic method to research the wind-induced dynamic responses of long-span roofs,
investigations on wind-tunnel testing technique and numerical simulation of wind loads,
analysis of wind pressure characteristics, computation of buffeting responses, effective static
wind load, are processed in this thesis. The research is mainly focused on the following
aspects:

1 Method of obtaining the non-steady wind pressures on long-span roof surface. For
acquiring the non-steady wind pressures and coherent characteristics of measuring points on
the surface of arigid model, the pressure measuring technique of rigid model and the paralel
tube-manifold system are carefully studied. To accurately estimate the transfer function,
theoretical representation of the dissipative model suitable for the parallel tube-manifold systemis
derived based on the transmission-line theory. Using the dissipative model, a parametric study
over a large number of variables is processed, and some qualitative regularities are summarized.
Then the pneumatic-averaged properties of manifold in the parallel tube-manifold system are
discussed. At last, an optimal method for designing the tubing system with restrictors for
measuring dynamic wind pressures is proposed. Neural network method is also used to predict
the mean and fluctuating wind pressure coefficients and the power spectra of the fluctuating wind
pressures using the limited data of wind pressures from the wind tunnel test.

2 Research on the wind pressure characteristics. Based on the results of three long-span
roof structures from the wind tunnel tests, distributions of mean/fluctuating wind pressure
coefficient contours, changing laws of mean/fluctuating wind pressure coefficients for
different wind directions, power spectra of wind pressures, are analyzed. Some valuable
conclusions are achieved.

3 Non-steady computing method of wind-induced buffeting responses of long-span roof
structures. According to the linear or weak linear property, a non-steady computing method is
proposed and the dynamic computing progran——SWDP is developed. Using the program, the
buffeting responses of a rea long-span roof are computed, and some important aspects are

discussed carefully, including (1) the comparison of quasi-steady method and non-steady method;



(2) spectral properties of the structural responses; (3) effects of the main frequency-domain
parameters (modal numbers, cross terms of force spectra, cross terms of modals, damping ratio)
on the responses. Through the discussions mentioned above, the wind-induced buffeting properties
of long-span roof structures are further understood.

4 Thedistribution of effective static wind load of long-span roof structures. A modified
SRSS method for computing the resonant responses, which takes into account modal coupling
effects, is proposed. With the modified SRSS method, a formula for combinations of mean,
background and resonant components, is given. In the formula, the background and resonant
components are computed by the LRC method and the equivalent inertia force method
considering modal coupling effects, respectively. Meanwhile, the effective static wind load is

expressed corresponding with the Chinese wind load code.
Keywords: Long-span roof structures; Paralel tube-manifold system; Neura network method;

Wind loads characteristics; Non-steady computing method; Frequency-domain analysis; Effective
static wind load; Modal coupling effect
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p p

P _ — - 414
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413 414
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4112
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[R] 0 1 nxm m { p(t)}
n
m(2)y+c(2)y+[El (2)V]" = p(z1) 4.1.5b
m(z) c(z) EI(2 y v ¥
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[C] c(2)
j ¢, 415 q

U, +25,0,U; + o, u =F; () 41.7

F, () ={¢;} [RI{ p(t)} {F O} =[®]"[RI{ p(t)}

4.1.8a
F,() = [ ¢,@p(zt)dz 4,18
4.1.7 u (t)
u,(t) = j“; h(z)F; (t—7)dz h(z)
(YO = >0} hOF, - 0de
[R,, ()] = E{yO} y(t + 1)} "]
ZZ AT [ DENE)F, (€ o)F(t+ 7o),
=S UHAY [ | LR, (- rF, (T r)ldrdr,
izq‘,{«/ﬁ Ho}' r; f‘; h(z)h(z,)Re . (7 +7, - 7,)dr,d7,
- ii{¢j }J-_io J._Z h(z,)h(z,) RF, Fi (t+7,—7,)dr,dr,{ ¢k}T 419
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[H]

(S, @)1= X246 1 (0] [ Sy (@,2.2)6, (D6, (D2, (0){g)T 4113

j=1 k=1

4113 CQC Complete Quadratic Combination

o (D) =+ [ sy(@)de 4114

41.13 j =k
SRSS Root-Sum-Square Method

[Sy(@)] = il H (@) F{$Hs} [RI[S, ()[R {¢Hs} 4.1.15a
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[114] , , 2002

333
341

425
4211 90

4212 90

max min

4.2.11 90 4.2.1290

141



rmax (X’ y’ Z) = rT()(’ y’ Z) + gGr (X’ y’ Z)

Foin (X, ,2) =T(X,¥,2) - g0, (X, Y, 2)

r(xY,2)
25
4.2.13 1 8
1 6
4.3
4.2
431
431
431 431
50
50
431

o, (X Y,2)
7 8
SWDP
90
431
50

0.5%
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431
1 2 3 4
1 57 -89.5% 16.6 -77.6% 109 -80.1% 57 -88.1%
3 174 -68.0% 183 -75.3% 233 -57.6% 158 -66.9%
5 36.9 -32.0% 39.6 -46.6% 304 -44.6% 304 -36.3%
10 40.0 -26.3% 549 -25.9% 38.7 -29.5% 35.0 -26.6%
30 539 -0.7% 731 -1.3% 533 -2.9% 470 -1.5%
50 541 -0.4% 739 -0.3% 545 -0.7% 476 -0.2%
100 542 -0.2% 740 -0.1% 54.7 -0.4% 47.7 0.0%
150 542 -0.2% 741 0.0% 548 -0.2% 47.7 0.0%
200 542 -0.2% 741 0.0% 548 -0.2% 47.7 0.0%
250 54.3 0.0% 741 0.0% 549 0.0% 47.7 0.0%
5 6 7 8
1 16.6 -66.4% 109 -76.7% 216 -30.1% 216 -27.0%
3 18.3 -63.0% 214 -54.3% 21.8 -29.4% 218 -26.4%
5 321 -35.0% 304 -35.0% 265 -14.2% 231 -22.0%
10 410 -17.0% 38.7 -17.3% 256 -17.2% 241 -18.6%
30 489 -1.0% 460 -1.7% 279 -9.7% 26.2 -11.5%
50 494 0.0% 46.7 -0.2% 31.0 0.3% 295 -0.3%
100 494 0.0% 46.7 -0.2% 31.0 0.3% 295 -0.3%
150 494 0.0% 46.7 -0.2% 31.0 0.3% 295 -0.3%
200 494 0.0% 46.7 -0.2% 31.0 0.3% 295 -0.3%
250 494 0.0% 46.8 0.0% 309 0.0% 29.6 0.0%
1 mm
2 n 1 n
3 n -250 /250
50 50
2 0 - e 2 0 — PP
= /*/ 1] T AT
ol o 3l ol 7 i
e - e .-
10 100 1000 1 10 100 1000
431
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432

4113 [, (@)]

[Spp ()]

4.3.2 4.3.2
q 9
[S, (@)= Y. Y {4 H" 1 ()4} RIS, @R {#IH, ()4} 4113
j=1 k=1
43.2
1 2 3 4
345 -36.5% 421 -43.2% 38.0 -30.8% 324 -32.1%
540 -0.6% 74.8 0.9% 549 0.0% 474 -0.6%
34.7 -36.1% 404 -45.5% 374 -31.9% 32.7 -31.5%
516 -5.0% 66.8 -9.9% 542 -1.3% 465 -2.5%
54.1 0.0% 739 0.0% 545 0.0% 47.6 0.0%
5 6 7 8
326 -34.0% 322 -31.2% 193 -37.5% 185 -37.5%
484 -2.0% 46.2 -1.3% 315 1.9% 289 -24%
339 -31.4% 329 -29.7% 18.3 -40.8% 194 -34.5%
471 -4.7% 454 -3.0% 324 4.9% 29.7 0.3%
49.4 0.0% 46.7 0.0% 31.0 0.0% 295 0.0%
/ *100
4.3.2 4.3.2
1
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N
\

434

mm

42.8

295

20.6

13.3

43.0

31.0

234

17.0

65.2

46.7

314

17.9

68.4

494

34.3

219

65.4

47.6

333

204

68.9

54.5

45.3

38.1

86.8

73.9

66.5

60.7

69.8

54.1

43.2

34.6

£=0.005
£=0.01
£=0.02
£=0.05
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|

100
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mm

10.7 645
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534 684
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10.7 46.4

10.7 315

10.7 174
6.1 423
6.1 289
6.1 19.6
6.1 11.7

mm

Lo

O - AN LW
oooo
oo oo

1 1l

31.6 448

316 324

316 174
9.8 417
9.8 293
98 212
9.8 138

534 290
mm
9.1 645
9.1 458
9.1 300
9.1 154

534 514
534 39.7

05
05 15

264 474
264 341

264 223
144 66.9
144 473
144 311
144 165

=0.01
=0.02
£=0.05
£=0.005
£=0.01
£=0.02
£=0.05

4.35
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Holmes

GLF
LRC
SRSS LRC
GLF
51
SRSS
511
CQC Complete Quadratic Combination
1S, @)= 3 304110} TRIS, @R {83 H, (o)) 511
(S, @)=Y S {pIH" 1 (10)[Ss (@)]H, (0) (6" 512

j=1 k=1
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[Ste ()] Hi(lw) ]

H, (iw) = ! i=v-1 ¢

0% —a)2+2i§ja)ja)

Si(w)=i ¢iJH*j(iw)SFij(w)Hk(iwmk

=1 k=1

=~

T e

513
a.a

:ZZ e Re[H*j(ia))Hk(ia))]SFij

j=1 k=1

i IMH " (i0)H, ((0))iS;

M=

_l_

1] M-Q

Il
N
=~

j 1

Re[] Im(]
Vanmarcke 1972 Re[H ' (io)H, (iw)]
98]
Re[H j(io)H, (iw)] :%[NNKI- - PR, (1—a)k2/a)2)] |H, (o) |

1 .
+§[NNjk ~PP, (1-0,;*1o*)]|H,(io)

NN, PP, ¢ <« q=0,/o;

J J

NN, = {836, (¢, +6, DA~ 07) ~ 40, ~ S, —¢ )

PPy =%{2(1—q2)[4Q(§j ~G A -¢m)-1-a%)°]

D

D =80°[(¢; +¢.)A-0a°)° - 2(¢,” - ¢, "a)(¢, " - ¢ AP+ (- )
Ty = SINN, PR, (10" 0?)] [ H, () F

515

Zq‘,zq‘ﬁ’ﬁu D Re[H*j(iw)Hk(iw)]SFF Zq:zq:¢|¢ik(-rkj + T3Sk,

j=1 k=1 j=1 k=1
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5.15
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517

518

519



= Zz_lﬂ ¢ikaj SFij + Zz¢ij¢iijkSFij 5.1.10
ZZ# ik kjSFFk ZZ¢|k¢|JTijFkF Zzﬁk%JTJkSF F 5111
Z_:Z_:¢' ¢'kaJSFFk +ZZ¢IJ¢IKTJKSF Fe ZZ¢Ik¢I]TJkSFkF +ZZ¢I]¢|kT]kSF Fi

MQ

i—¢ Ij jk(SFF SFij)

k=1

.L

i

q
> it Ti2Re(S, ) 5.1.12

k=1

MQ

Il
=

j
Hermite
5.1.9 5.1.12

>3 gy RAH' ()M, ()15, = 2> 4, NN, | H, () F Re(S: )

j=1 k=1 j=1 k=1
g a
+2. 2. 4#PP (-0 10°) [H, (o) F Re(S:) 5.1.13
j=1 k=1
Vanmarcke 1972 Im[H"j (io)H  (io)] [10, 98]

IMHj ()H (i 0)] = 4 [WV, (wﬂ)wwv,q (wﬂﬂ IH, (o)

—[W, ( )+VVVV,k( )]IH (io) I} 5.1.14

J

Wi W, W Oy g Sk =0/,

W, = 2 {ag, ~¢S; (¢ -4a)-A-a)]-(; -4, -¢a’)} 5115

Q.
ww, =Qijk[q(§k 0K, ~4@)+ (€, -4, -] 5116
Qy
Qi =9°(S," +4.) - ¢ 6@ (@+a*) + (1-q*)? 5.1.17
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2[VV,k( )+VWV,k(—) 1IH (@) 5118

I

5114

Y Y gyt IMIH | ()H, (OIS, . = D> Uy U IS ¢

j=1 k=1 j=1 k=1
a9
= ZZ¢IJ AU kJISF Fe ZZ% $iU 1S Fe 5.1.19
j=1 k=1 j=1 k=1
a. ) 9 9 .
Zz¢i1¢ikUkj|SFJFk = zz¢ik¢iju jkISF Fi Zz¢.k¢.lu Jkls,: F, 5.1.20
I=1 k=1 k=1 j=1 i=1 k=1

-

iﬁ ¢|kU ijSF Fe ZZ¢IJ¢IKU jkISF Fo zz¢|k¢uu JkISFkF ZZ¢|]¢|kU jkISF Fy

k=1 j=1 k=1 j=1 k=1 j=1 k=1

Il
JUN

j

=33 Ui (S, - Ser)

j=1 k=1

Il
M-
MQ

¢ pi=21m(S; ¢, )i

Il
=
x~
Il
JUN

a4
=22 44U 2Im(Ser,) 5.1.21

j=1 k=

[N

5.1.18 5121

35 gy IMIH (M, (OIS, = 33 AV, (2 SIH G Im(s, )

j=1 k=1 j=1 k=1

XL AW IH (O IS 512
5113 5122 5.14
S1(@)= XX 4ih Rl | ()M (0)ISc +3 b IMIH' ()M, (0)]iS:

j=1 k=1 j=1 k=1

> B f NN, [H, (10) F RS2 )+ Dl PP, (10,21 07) [H, (i) F Re(S. )

k=1 =1 k=1

Il
M-

'L

j

+

M=

Zq% .k4VVJk( )IH (iw) Izlm(SFFk)+ZZ¢1¢.k4\MNJk( ) |H; (@) [ Im(S:r,)

k=1 j=1 k=1

Il
[N

i
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5.1.23 [0 o ] i

j.s e

o’ri =[S (@)do = > Y NN, [ “IH, (0) [ Re(S; ¢ (@))do

j=1 k=1

+
M.Q
1 M.Q

Il
N
=~

hiPPi[) (U= 10%) | H () F Re(S,, (@))do

=

+
M-

>y AV, CD) H (0) F ImiS, ; (@))do

k=1

&‘

j

£ 202 dudh AW, [ ' IH, (o) IS (@)de 5.1.24

I
-
=~

M=
H Mn

j 1

j=k NN, =1 PP, =WV, =WW, =0
g @Dj e . . .
o%riji = Z¢ij2L)_ |H;(iw) § Re(SFij )daw ! J
=i i
5.1.24

5 J~ “IH, (o) Re&(S; f, (@))dw
ZO' R, JI{1+ Z ik [NN J,sw .
k=1 Ij J;)JJSl H j (I C()) |2 SFJFJ_ (a))da)

k]

[."@-o 1% |H, (o) F RS, (@)do
J.:jyel H(o) Se r, (@)dw

+ PP,

,[: j':(a)ﬂ) |H, (o) IM(S; ¢, (@))do
AN, —

jk

J:Jl H, (i) St (w)deo

Jo QY IH (@) F Im(S, . (@))de
+4\N\Njk IYS (Ju I} 5125
L:l H (o) S (0)dw

5125 cac

|Hj(ia)) |2 [0, 0]
SFij (a)) SFij (a)J) _ ConSt
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G0 _(Pysa 5.1.25
a a)j COJ-
2 N o B ReSr, (@) IM(S; r, (@)
O Ri —jzj;o- R,j|{1+;¢—ij[NNjkm+ ik +V\M/Jk)m]} 5126

k]

q a4 Re(S: - (@) IM(S; ¢ (@;))
o2Ri IZO'ZR,ji{1+ Zﬂ[Njk S iR\ + Mjk FiF A i 5.1.27
i1 1 & R F; (v;) SFij (0;)
#]
5.1.27
5.1.27
5.1.27 o’Ril
a4 Re(S: - (@) Im(S; ¢ (®)))
] Zﬂ[Njk—Fle My
k1 @ SFJ- F; (@;) SFJ- F; (@;)
#]
oRii % i
ij
N " Re(SFij (a)]))
ik ik
SFij (a)J)
Im(SFij (a)j ) o2
BN LN s R,ji
SFij (@)
5.1.27
512 SRSS
Holmes
_ Re(S. . (@))) Im(S; ¢ (@)
ejk _ ¢_|k[Njk FiFi J +M i FiF ! 51.28
b SFij (@) SFIFJ (;)
5.1.27
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q q q
oRi ZZO'ZR,ji (1+29jk)2202re,ji 1+6,) 5.1.29
j=1 k=1 =1

k=
5129 0, j k
O k J
ik 0, k
J 0, J
0, J
9 Ny My
5.1.29
[
g
Opi =, 2,0 Ri(1+6)) 5.1.30
=L
6%riji =orji(L+ 0;) G2Rji ]
q —~
Opi =, O Ri 5131
=
5131 SRSS
4.1.1.2
5.1.28 5132
Re(S: - (@))) IM(S;. ¢ (@)))
O = i[Njk — M ik — T 5.1.32
Aj SFij (G)]) SFij (a)J)
513 N, M,
Ny My g - q:a)j/a)k
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511 N,

w;lo, 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45

¢ =0.005 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0001 | 0.0001
¢ =001 | 0.0000 | 0.0000 | 0.0001 | 0.0001 | 0.0002 | 0.0003 | 0.0004 | 0.0005 | 0.0006 | 0.0008
¢=0.02 | 0.0000 | 0.0002 | 0.0004 | 0.0006 | 0.0008 | 0.0011 | 0.0015 | 0.0020 | 0.0025 | 0.0033
¢=0.05 | 0.0000 | 0.0011 | 0.0022 | 0.0036 | 0.0052 | 0.0071 | 0.0094 | 0.0122 | 0.0157 | 0.0202
w;lo, 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95

¢ =0.005 | 0.0001 | 0.0002 | 0.0003 | 0.0004 | 0.0006 | 0.0010 | 0.0018 | 0.0035 | 0.0085 | 0.0357
¢=001 | 0.0011 | 0.0014 | 0.0019 | 0.0026 | 0.0036 | 0.0055 | 0.0088 | 0.0161 | 0.0366 | 0.1353
¢ =002 | 0.0043 | 0.0056 | 0.0075 | 0.0102 | 0.0145 | 0.0215 | 0.0345 | 0.0616 | 0.1325 | 0.3878
¢ =005 | 0.0261 | 0.0341 | 0.0452 | 0.0611 | 0.0849 | 0.1224 | 0.1852 | 0.2964 | 0.4986 | 0.8120
w;lo, 1.00 1.05 1.10 115 120 1.25 1.30 1.35 1.40 1.45

¢ =0.005 | 1.0000 | 0.0413 | 0.0114 | 0.0054 | 0.0033 | 0.0022 | 0.0016 | 0.0013 | 0.0010 | 0.0008
¢ =001 | 1.0000 | 0.1403 | 0.0401 | 0.0186 | 0.0108 | 0.0071 | 0.0050 | 0.0037 | 0.0029 | 0.0023
¢ =002 | 1.0000 | 0.3921 | 0.1425 | 0.0703 | 0.0416 | 0.0276 | 0.0196 | 0.0147 | 0.0115 | 0.0092
¢ =005 | 1.0000 | 0.7880 | 0.4989 | 0.3146 | 0.2098 | 0.1481 | 0.1098 | 0.0845 | 0.0670 | 0.0545
w;lo, 150 155 1.60 1.65 170 1.75 1.80 1.85 190 195

¢ =0.005 | 0.0007 | 0.0006 | 0.0005 | 0.0005 | 0.0004 | 0.0004 | 0.0004 | 0.0003 | 0.0003 | 0.0003
¢=001 | 0.0019 | 0.0016 | 0.0014 | 0.0012 | 0.0010 | 0.0009 | 0.0008 | 0.0007 | 0.0006 | 0.0006
¢=0.02 | 0.0076 | 0.0064 | 0.0054 | 0.0047 | 0.0041 | 0.0036 | 0.0032 | 0.0029 | 0.0026 | 0.0023
¢ =005 | 0.0453 | 0.0382 | 0.0327 | 0.0284 | 0.0248 | 0.0219 | 0.0195 | 0.0175 | 0.0158 | 0.0143
w;lo, 2.00 2.05 2.10 2.15 2.20 2.25 2.30 2.35 2.40 245

¢ =0.005 | 0.0003 | 0.0002 | 0.0002 | 0.0002 | 0.0002 | 0.0002 | 0.0002 | 0.0002 | 0.0002 | 0.0002
¢ =001 | 0.0005 | 0.0005 | 0.0004 | 0.0004 | 0.0004 | 0.0004 | 0.0003 | 0.0003 | 0.0003 | 0.0003
¢ =002 | 0.0021 | 0.0019 | 0.0018 | 0.0016 | 0.0015 | 0.0014 | 0.0013 | 0.0012 | 0.0012 | 0.0011
¢ =005 | 0.0131 | 0.0120 | 0.0110 | 0.0102 | 0.0094 | 0.0087 | 0.0081 | 0.0076 | 0.0071 | 0.0067
w;lo, 2.50 2.55 2.60 2.65 2.70 275 2.80 2.85 2.90 3.00

¢ =0.005 | 0.0002 | 0.0002 | 0.0001 | 0.0001 | 0.0001 | 0.0001 | 0.0001 | 0.0001 | 0.0001 | 0.0001
¢ =001 | 0.0003 | 0.0002 | 0.0002 | 0.0002 | 0.0002 | 0.0002 | 0.0002 | 0.0002 | 0.0002 | 0.0001
¢ =002 | 0.0010 | 0.0010 | 0.0009 | 0.0009 | 0.0008 | 0.0008 | 0.0007 | 0.0007 | 0.0007 | 0.0006
¢ =005 | 0.0063 | 0.0059 | 0.0056 | 0.0053 | 0.0050 | 0.0047 | 0.0045 | 0.0043 | 0.0041 | 0.0037
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512 M,

w;lo, 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45

¢ =0.005 0.0200 | 0.0200 | 0.0202 | 0.0205 | 0.0208 | 0.0213 | 0.0220 | 0.0228 | 0.0238 | 0.0251
¢=001 0.0400 | 0.0401 | 0.0404 | 0.0409 | 0.0416 | 0.0426 | 0.0439 | 0.0455 | 0.0476 | 0.0501
¢ =002 0.0799 | 0.0801 | 0.0806 | 0.0817 | 0.0831 | 0.0851 | 0.0876 | 0.0908 | 0.0948 | 0.0998
¢ =005 0.1980 | 0.1983 | 0.1995 | 0.2018 | 0.2051 | 0.2096 | 0.2153 | 0.2226 | 0.2316 | 0.2426
w;lo, 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95

¢ =0.005 0.0267 | 0.0287 | 0.0312 | 0.0346 | 0.0392 | 0.0456 | 0.0554 | 0.0718 | 0.1042 | 0.1972
¢=0.01 0.0532 | 0.0572 | 0.0623 | 0.0690 | 0.0781 | 0.0908 | 0.1100 | 0.1416 | 0.2024 | 0.3533
¢=0.02 0.1060 | 0.1138 | 0.1238 | 0.1367 | 0.1541 | 0.1783 | 0.2136 | 0.2690 | 0.3622 | 0.4939
¢ =005 0.2562 | 0.2730 | 0.2937 | 0.3195 | 0.3517 | 0.3918 | 0.4398 | 0.4882 | 0.4986 | 0.3419
o;lo, 1.00 1.05 1.10 1.15 1.20 1.25 1.30 135 1.40 1.45

¢ =0.005 0.0000 | -0.1876 | -0.0943 | -0.0617 | -0.0453 | -0.0355 | -0.0290 | -0.0243 | -0.0208 | -0.0181
¢ =001 0.0000 | -0.3368 | -0.1832 | -0.1219 | -0.0900 | -0.0707 | -0.0577 | -0.0485 | -0.0416 | -0.0362
¢=0.02 0.0000 | -0.4817 | -0.3291 | -0.2318 | -0.1749 | -0.1387 | -0.1139 | -0.0960 | -0.0825 | -0.0720
¢ =005 0.0000 | -0.4503 | -0.4989 | -0.4378 | -0.3671 | -0.3081 | -0.2617 | -0.2253 | -0.1964 | -0.1730
w;lo, 150 155 1.60 1.65 170 175 1.80 1.85 1.90 1.95

¢=0.005 | -0.0160 | -0.0143 | -0.0128 | -0.0116 | -0.0106 | -0.0097 | -0.0089 | -0.0083 | -0.0077 | -0.0071
¢=001 -0.0319 | -0.0285 | -0.0256 | -0.0232 | -0.0211 | -0.0194 | -0.0178 | -0.0165 | -0.0153 | -0.0143
¢ =002 -0.0636 | -0.0567 | -0.0511 | -0.0463 | -0.0422 | -0.0387 | -0.0356 | -0.0330 | -0.0306 | -0.0285
¢ =005 -0.1540 | -0.1381 | -0.1248 | -0.1135 | -0.1037 | -0.0953 | -0.0879 | -0.0814 | -0.0757 | -0.0706
w;lo, 2.00 2.05 2.10 215 2.20 2.25 2.30 2.35 240 245

¢=0.005 | -0.0067 | -0.0062 | -0.0059 | -0.0055 | -0.0052 | -0.0049 | -0.0047 | -0.0044 | -0.0042 | -0.0040
¢=0.01 -0.0133 | -0.0125 | -0.0117 | -0.0110 | -0.0104 | -0.0098 | -0.0093 | -0.0088 | -0.0084 | -0.0080
¢ =002 -0.0266 | -0.0249 | -0.0234 | -0.0221 | -0.0208 | -0.0197 | -0.0186 | -0.0177 | -0.0168 | -0.0160
¢ =005 -0.0660 | -0.0619 | -0.0582 | -0.0548 | -0.0517 | -0.0489 | -0.0463 | -0.0440 | -0.0418 | -0.0398
o;lo, 2.50 2.55 2.60 2.65 2.70 2.75 2.80 2.85 2.90 3.00

¢=0.005 | -0.0038 | -0.0036 | -0.0035 | -0.0033 | -0.0032 | -0.0030 | -0.0029 | -0.0028 | -0.0027 | -0.0025
¢ =001 -0.0076 | -0.0073 | -0.0069 | -0.0066 | -0.0064 | -0.0061 | -0.0058 | -0.0056 | -0.0054 | -0.0050
¢=0.02 -0.0152 | -0.0145 | -0.0139 | -0.0133 | -0.0127 | -0.0122 | -0.0117 | -0.0112 | -0.0108 | -0.0100
¢ =005 -0.0379 | -0.0362 | -0.0346 | -0.0331 | -0.0317 | -0.0304 | -0.0292 | -0.0280 | -0.0269 | -0.0249
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