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ABSTRACT

Reliability Analysis of Semi-rigid Frames on Floating
Structure using Monte Carlo Method

Han, Min-bae
Dept. of Oceanic Architectural Engineering

Graduate School, Korea Maritime University

In general, the semi-rigid connections are preferred for low rise structure. If
semi-rigid connections are used for floating structure, the number of rigid
connections can be reduced and more economical construction will be
possible.

In case of semi-rigid connection, it takes place mostly through specific
experiment in order to assume actual structure’s moment-rotation. Thus, it
is necessary to assume the structure’s behavior by applying the uncertainty
of the variables related to the moment-rotation relationship to the reliability
theory based on the probability theory. Accordingly, this study executed
probability analysis that applied the Monte carlo method when it comes to
the semi-rigid connection probability variable that is applied to the floating
structure’s beam-column connection. Moreover, results of analysis carried
out based on the existing deterministic method are compared and analyzed.
Moreover, reliability is evaluated with the reliability index and probability of
failure, indices for structure’s safety through the reliahility analysis that
applied the serviceability limit state.

This study selected connection’s ultimate moment capacity(M,) and initial

_Vi_



connection’s  stiffness(R,;) that significantly affect the moment-rotation
angle’s rotational stiffness as the probability parameter, and it carried out
the probability analysis of the semi-rigid connection using Monte carlo
method. Serviceability limit state was applied to calculate the reliability
index and probability of failure in order to conduct reliability evaluation.

The conclusions from this study are as follows.

1. To obtain moment-rotation’s rotational stiffness, probability and
statistical property were factored into the semi-rigid connection analysis.
The lateral drift’s reliability analysis method was suggested for the
probability forecasting method and serviceability limit state using Monte
carlo method. The lateral drift’'s serviceability limit state was evaluated with

the reliability index and probability of failure, quantitative figures.

2. When analyzed based on the Monte carlo method, the result was very
similar when compared to the value of t based on the deterministic method.
Monte carlo method was proven accurate since the value of the results
following the increase in the simulation frequency manifested margin of

error that falls within 19.

3. When the amplitude is lcm, the lateral drift was satisfied in the
deterministic method. However, reliability analysis showed that there is a
probability of failure. Through these results, it can be considered more
effective than the deterministic method that uses the representative value of

the existing probability variable.
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4, Maximum lateral drift range by each confidence interval was
manifested so that the confidence levels would be 68%, 90% and 95%.
Maximum value and minimum value by confidence interval were calculated,
manifesting the range of lateral drift change that is not suggested by the

actual deterministic method.

5. Analysis of the range by lateral drift confidence interval confirmed
that the range of lateral drift broadened as the breadth of the range by
confidence interval increased. Moreover, reliability index decreased as the

confidence interval broadened while probability of failure increased.

6. Reliability index increased as the coefficient of wvariation increased
through the results of the reliability analysis by each of the coefficient of
variation for the ultimate moment capacity(M,) while probability of failure
decreased. In particular, change rate of reliability index increase was

considerable when the coefficient of variation was between 10~15%.

- viii -



il

Fol 9

G

tho] &2, 2002). whekA] ek

FS 7%

<

d

o

o}

j2)

ojy

b
pH

o}

tot 1 u el

G

Aol Bt

e

j2)

A
7o

el EASRE

2 AlFH =

ojy

3k 7]

9] 27, 1999). -

A7 Ak weA

3
AA o=

ol %
1ol

G

11241 (Reliability  Analysis

3|

7

& ol

Method)



—_
70 -
® ix w B B BN X
T TEEE D
S TG e
o Bow ) w I
Blo < Y R T
- T E T
"o L ‘.:L ﬁO - AT O&O ﬂ
o g W W T » < 5
a B o Jo ® @ Fow 5
N = o TP A
i R "z
E S = o
. = mﬁ o w g FRg
- T A A 5 )
o Ewerzm 7 >
* : ; R o e oI Mm
_ st OE ,UF = i 3 . ;
c g T A N
. n .w NS = M -
o t:o#u%%uiaa
u o D L
o EN o , m ¥ T
Y 3 7 o Py T 0T
e o BT ” % e
inzel o -
w Mﬂg@ﬁﬂ%g@;ﬁoﬂ
i © 0D L . T
7ﬁ = : o o W 1o o
YT Mg . R
— op 7 T X R
= T B b oy 2w T g
AT L e T T
- % © = = 5
el ~ ] _ ,.ﬂﬂ ~ ° - mﬁ = ,.U
o ® ST z ® X~ ooy TR o Be
a4 T 7 = w o ™ Mo S o
oo o 2 _ do T X <
@ . o =9 = % o = oo -
uAlo _ m S Zw.o 3 JE' ‘mﬂ O o ﬂ
o m s & % o 3 S
: ﬁ&eggoﬂﬂ%@a
ol E o EEZE v :
N T E - FIa
MR



A2 AA Az A5 v r] Aol A el denlud AYAow A8
7] A2 A FA e 194233 Pugsley 2 1947 Freudenthal(1945) 5ol
o] FxFT wobd Z=YFERoH, 1960d ) FE = BAH e FFxE A
T Wbl AEA olEe] A8H7] Azkskeivh 1969 ell= Cornellell ]3] 33|

o Witwh gEuAe] v e APYAF) o8] BE 1 2% =

W EH (Mean Value First Order Second Moment Method)g A A&t oW, 3}
Hg4E Ay Ao 24 WAFE B Al (Invariant Problem)?] #AE 3
A3

F71 918 1974\d Hasofer and Linde HAA 9] HAZ7l He AAFE
dxolA S FerA AdrgE Aot Jide 14 24 EXE

(AFOSM : Advanced First Order Second Moment Method)& Al <ta}S o)
1969419l i= Cornellel ¢]3to] @Arvie]m 82 WU AEE AFE A

VlFEo R st 24 RWlEWRS RSt
EHIIZZ 79 AA ALRe

A7 220 O W AAF o] HHH e AL
Sool ¥ 7 Bo ZeAEz

2%, 1999). A4 WEAAwEe Y THe
NIACS] $Ho] )84 o] FolAtt. EHAEE 7]
Mol 27l sl Wad 9 AnE BEAoR A & Ut Fu
sEste] F o] B QA ATt £u Ho, AR #5

A Yol AAE Ao RE srdeold g 3YF guFHon 24

2 w98 AhgE oo

Aol AAsATHF

m_‘rQ_EL

AeF-o IAAAAAE mH FEREY AT #I x7|ATE= 16424
Jonston¥} Mount(Johnston et al., 1953)el 2J&] A|2FE 1o, 19753 Frye<t
Morris(Frye and Morris, 1975)+% 77F4 ¢ #33e] HulE-3 A 7te] s =
P2 Aorslda 19801 Richardel 1984 Morris 5+ Power ModelS A}



&t RHE-IAZLS 45T F U BRYAES AT 19859 Luist
Chen® AFEIYPE 2 gste] A=x7xE HFH 14 HHES AT
T35k Kishi®t Chene Exponential Function® = HA3H A¥S yeRloH,
A AR AF delHE FHske] HeolHHolAE FE3th 1990 o

= A 2R, Ao =% 2HE, SAYY Wee FAEE

ByxEol @3 A5+ 1990958 diolA] AL sFT w2 AA
A 2 ok FH V)Ee 3t A5 AT 19959 F-E = Mega-Float
Project A7-%3to] AA el F-A4 3 ALE 9% 7= L Alge A
SFATHZHE1.1). 75 ONR(Office of naval Research)ol A& 1997AF-¥ u| 3|
o] ol Ed T 7IAMOB)S] AAAEE T VEHE Al 2AKoR
sttt MOBE H o Zo] 2km 1 R9 ol &8 F/FATEERZ od 719
Lol FARA AH el A RES Hcke doeE Hodr die
Mega-Floatet= @] el 2tdE& HHE stal JJoenz
o FHE 7] o2 il )vh(Remmers et al, 1999).

Tule] Ag S RE gk A dF Ay o] SAIRE AFFAIAE 9]
AAZ Rl e = mE Aol 20008 58 s ity FHoE 2
W F2 s A2 =(VLES) 77 #3 45 Sal kmw 3

FH ARTEE AANE ATE ADFAOM(1Y12), FRYTFEE 4R

G T FAlF LT AT AFY T2EUF AAVle A7 v
k=l



9] Mega-Flot phase Il structure off Yokosuka

Qu

a3 1.1




.l

70
oK
oF
F0

gl

o A4

—
o

&+
ojy

=
3

-

Three-Parameter Model 2]2] 37}#] ¥ & 27}%]

-

1.

S5aL 3l

sl

P
&

o

-

B
ojy

0

i

)
g
oy

"o

Z 7Yl o

2k =
3}

e
s

TEA B A o] &3

-
1.

27l A

A 3} Three-Parameter Model A|<F2] ol

1270

3|

T

3

3

o ¢

=
(¢}

T

g King(1993)

-2

paaes.

5

of h

ojy

peae.

<]

P
=

g =

A

A

=

=

il

9l
<t

Kishi and Chen(1996)°] A<t

-

1.

57 ol A]

W

—
o

ojy

umO
o
vzl
o
pa
iz
E

ER T

TEEe A of

=

AEA G s gER YEl ey, F

W ghol )



67 ol 4]

°f

=
=

ABAQUS/Standard 6.2

A o
=1

72

B

i
o

ojy

™
KR
ojy
i

e
alo

X

—~
;oo

Ho



@]
X0

<
K

o

A

<l
ol

iyl
K

o
o}

P

ToR

—
o

BN
T

28 447
| fgola vl dojA g7t

el A

0

B

N
P

ey &= #4Hvariance) 5

i

o=

=
(¢}

H x| (standard deviation), -5 7] 5 (coefficient variation)

= SEn A

3

&

gl A =l 7}

A2He g

)

0

7l
£

-5

143 ol

3|

bel, Fxme] g4

S

9e A4

e
AE A

5}

A 71 (design

14 = &%= 98 4 (load factor) L3} o] A

3]

]

%

a4 of

criterion) Z% 2213 7ol Fx2E 7}

G ER]

HuAE

/g—

8 A (resistance factor) R}

5

7

q

7229

st

~
;OO

(2.1

Z=g(x)=R—-L

& gH =

#3t R} Ly}

3

b2

= Rt L

ol A]
te sae]

S

A5 =5



i

3

i

A A E=d, (b)sh po] R} Lo
17 55 e e

==
=
S

ol
[}
=

==
=

sl

17 o] w3

o] A

7l
£

7

F= 71A

A

9] 2%, 1999). webA FxEe] AlF

171 9

7}3

3

b2

£E gedom

o) o mHA el

B

Resistance

0% 0%

0% @Y




Eaif
70
I
=

ojy

Aol whe} = A Level I, Level O, Level M9
Method

A
FUs

pelut.

o
2.1 Reliability analysis method(%d<= ¢ 29, 1999)

H
oir

i
iy
Kl

oJ
ioll

s
H
o

Rl
Kl
ﬂ

4 H %=(partial safety factor)& E &5t &

S
=4

8

(6]
=y

S0l 2E
SHOIA Ol Jhsat

H

[ud

=

wor

Ul
i

ol

10
JIJ

76}
R0
<

(reliability index)& ZAIES=Z

)

| g

(==}

(moment method)2t D& &(AFOSM, FORM, SORM

U

(el 3

1D
10
J
e}
&0
<

110
wor
%0

Ol
Rl

I
e}
%0
<

0

o

Ul

N
0L

o’

110
%0
X

i

Ay

Y% o] 29 ]
a1

Level

BN
T

)

|

(==}

(Monte Carlo Simulation

=
S

simulationJ| g2 0|
— 10 —

—

[—

=X ot




221 Level | uitH

>
2
)
o3
=2
>
10
X
_|>i
i
N
>
_|>i
N
=
do
il
ri
)
r [0
r o
r
oX
o

H7HE A &3]l &=
A=A ke FFo|t} o] 3l HolA] Level S &

Brrstal ol & AAGANA EEaAcE =] AR AA ] =dd
5
=]

)

Felgor iy

olt}. Level 12 &5 -A3dAF AAWLRED : Load and Resistance
Factor Design)o]&}i® 21 AFAAde o g3 otdAd Hrlels

712 Ee FAsAA 7IEY AHEY HIWel 7zl vhdd AAAEA

stz stEATE wokal, AAY Al AFAFTE wol HEHoE Fx
Eo| Fxdol & tdAdE HAsy] 98 4 FERS dEl FEdAs
(partial safety factor)E& 48 oz AAGA A o]&ed & JAEF 7dtd

wolt. A22sh o] BAT 4 glow, o)k TaREAY gad Aol
o) 5e) Hgatgol o9 mtur} 44 REE A Loz 7t b9t

= stgo|2d 2756 FEsojol st}

n
=y
o] 7] A
@ AGAGFT = g2 A S (resistance reduction factor)
R, : &3 A3 (nominal resistance)

v A BkE e sk STkl Q  iHA 3F

_11_



Wk olt}h, Level O

i

222 Level

7
2
iz

o

o}
(-
e
W
o

b

X

b

ttl

3

NTALS

2wl E ¥ (moment method) o]

o}

P

I},
Fony 33

A

?:51_

AL Aoz AA

s

g

s

=

g

A *

]

Level 1T ®HoA] A==

H7pA] 9

] o

X

i

—_—

)
"
o

uj
&

(normal

-
N

3

o714

distribution)©]™ “&#/4d <] §l=(uncorrelated) 4-%= 7}

o],

-

1.

4 2)5)

HEAY =

-

ze]

X

(2.3)

249} 2252

+ a,X,

3

-
T

ay + a;X; + aX, + -

X9 A8 Foz AHox

g(x)

o

0

X

N
P

o}
o

ojy
N

, g(@)7F 01t}

263 o] e &

NI

il
o

o] we] v

2
T AT
st @

;OE
B
pH

(2.4)
(2.5)

o) Wz 2273 2

+ a,pu,
o
o] 22.83% 22 AT AUtk

+ a
O

=

o}

_12_

-
1.

Al
A

2 2

= ajo] + agag + .-

Ea

5

g A5
Hg =
09

=

A

XN

1714 3147
o] Aol 4 glow, s #gE Pyt

= 13
=



(2.7)

(2.8)

P(=p)=1-2(3)

rol M) Az x Set s

Z182.29

-
1.

oje} ko] AejE AEAAF

2 HolEn

=
=

N8E Potel v

o}

H

A E# A5 7)

129 %

(e}

0,9l W= ERd 5 glown,

ojy

b, AgA5T 2 g

G

>

o

718 2.2 Probabilistic Concept of Reliability Index

_13_



223 Level Il HHH

TEES oo A

ke
T

Level I

o

o
ﬁo
!

i

3

AEEERS

G
iz
o

B

M
o

<] 29, 1999).

o ZA 2213

—_—

i

7HE 7

21299 o] A

3|

fx(@)el <

o)},

(2.9)

(r,1)drdl

f
7Z<0 RL

e
W
o

23!

w2113 2ol ¥

=

g 4ol

23]

g7

A

o}

o
=y
w

(2.10)

2 2
+ o7

b

Hyz = HUp — Hf

}dz (2.11)

1
o 07\ 2 “rp

0

Py = P[Z<0] = FA0) = /

_14_



212133 2ol

=
=

¥l U

W

ta 2219 975 22149 Zo] e

gols

(2.12)

(2.13)

(2.14)

He KR HL
§ 2
f

where

2
optTo

=

o] el A

3
T

Al 8] ) A = (reliability index)&}ar 3k},

6=+

At AAHES i

s

o

o

—_
o

ojil

o
\ﬂ'
=y

o

alo

ojy
T}
"

—_—

0
N
=
"o

T

—
o

0

T}
"

299} 2ol

Al
A

R4

e}, e WREe) A9

Level T = o|g}ar

W
2 A4

o

3} 7]

/1\1,

Aoz A

I =AKe)
gE

= )

_15_



224 NEMX GO Wt BA

-
;OD
i
=l
i
o

¥eof 21

it

RO R

2
iz

fveel

|

A
1l

°
pad

Fef(

1 oF

I

:F-

o~ =
T=

A

[e)

L

R4

3 Zr

13 ol

<]

3l oF
2009).

)

;’r"L
e
T

!
o}
o

ey
T

2.2 A=A o}

o)

1]
o
E

<

0

™

<J

K
e

JITH

i

o ¥

Fed Akl

0.023
0.07
0.16

3 x 1077
107

3 x 107
6 x 10°°

5]

3

gl_o

AtA

pS)
=

2.5
2.0
1.5
1.0
— 16 —

AW e

5]

gk

=

=

Al

High
Good

Above average

Below average
Poor

Unsatisfactory

Hazardous
sz g g e woAlel el UEhy

[e)



HH
=}

=

2.3 =HI7}

i+
G

o

el

she

9

A
1o

gl o]

=

LA A E

=

=

(random number)

—

Ho
=
o

A2

=

=

ER

ARk s A

HlH o] tH(Rubistein, R. Y., 1981).

AE F=d

A=)
-

o

LN

St

7171 o9
oY} Taylora4 A7

He
2 7] el A

3

R

°©

A A e
I S
B 7}

1.

o ¢

]_

5

o

3

=
=

e
s

il
b
bz

o

—

0 1AFofell A <

v

—

A= 2

g 9

0
B

| 7V 71e] 5, o

il

%
Ao
N

il

v

&

719

il

°
pad

B
SRR

T
o

A o

modulus me. = 1}

AlZEe] ataL

o)

=

b

1

Aol &85
B gk
2R (Power Residue Method)

F,

°©

1 oF

I

Aol gol

A=

A
O

ol-g <

KeN
=

™
e

s

/1\1,

gtol 7
<] 29, 1999).

H
L

(2.15)
(2.16)

o] obdl

ke
T

_17_

) (a9 ¢, m

T;1 =axr; +c—my;

(ax,;nLc
m

=



a

2
iz

—

O

k)

Frol 03 1Afololl A @of A=

ol o
T -

2

I

(2.17)
(2.18)
(2.19)

o w03

il

°
pad

2 7

-
XN

LN

Fol Box® Muller(1958)¢] 2]

:H_

<]

2

)

z,+1
m
o]

=

=

i1 T
2.17

u

=

Al
(—21Inu,;) cos (2nu,)

(—2Inu,)sin(@Qmu,)

l

)

X, =NTN+0
Xo=T+0

14}o] o

fveel

N
P

o] §-3}o]
— 18 —

=

=

24183 42.19

Al
A

o). weA

A

T



ol
=

o o

9|

o

o}

o}

dEvH(1¥31a). ¥t A

1313 ol A

A FEEAE

shA - Al
WP Fde] 0 W w

3
T

o] &3t

[}

il

(1 3.1.b).

i3

&

E7) %

v

HEEE e a8y

=1
=

| E

Sl

el
mr
v

e

T
A

3

ToR
o

u-7%

HM-0)#A = Yebd 4 9t}

_19_



S

-

1

ToR

il

T A} (Johnston et al, 1953).

v -z @EelA Type 3 4

-
1.

} 3 F(TSD) 5

s

7

ol o
9| 3
L| <

@ al 2

3 o| ©

Z = &=

Iy 21 &

g 3| @

= a

o,

0

Harder Plate

A

_20_



el

o}

22

S

R
9l

i3

%

2 A A (ductility)oll whe} o}

(strength), 7+7d (stiffness)

AISC-LRFD, Eurocode 3 %

=]
-

uE
I

Tol

3.2.1 AISC-LRFD 7 &0l <

M(8)

= Rye)

K.(

£

0.20M,

—— . —— — — ]

— i — — —

8,
19 3.3 LRFD Tt 9

}o}. 1333

S

T8

&3} 2ol

= o

AISC-LRFD(1999) 9] A]

D A I E(FS, Fully Strength)

D F- 7Y 5(PS, Partial Strength)

Mﬁ.
VI

_21_



gl

oA el Fdztor

pal
=

9] R0%7} =

FAR DU E

HaEolnt, 213304 6,8

o}

ToR
o

B

44

A

0, = 0.003rad :

44

< 0.003rad : 3

9'{1

3.2.2 Eurocode 30f 2|

Eurocode 3(1992)o A A A] &}k

e e REES

3|

3 sk,

o)

=1
o =

0

il

_SH

X

1

ozy A

12

0.50

0.04

3|y

(@) HIZ7HA

o
'

-

-

Rigzicl

Semi—Rigid

3y

o] e

2/3F -

719 3.4 Eurocode 3] ¢

_22_



oA me

ToR
o
o

alo

o
s

-

ToR

AT}, whEkA

°f

& old

ol

b

F7) el =

<]

wo] gkt

o] AFolM AY A

s

T
alo

X

ojy

]_

-

1.

<]

b ek,
F419]

At 1987

[e)

F99 tH(Jones et

<]

A}t

o)

3.3 Jones-Kirby—Nethercot

bl

5

FA) 9 Exponential Model

]_

o
Rl

<]

Al

[}

Ho 2 B-Spine Model

=

}o] Bilineartt Piecewise Linear E &= ¥Hd & o}
=

744
3} wisle] @7

]_

RS

<]

&
sy
-

Z}
Poly—nominal Model

At Kishi-Chen(19864)2 &

o)
E-3|AAES, Luigt Chend] A

L

il

T

FATHLui and Chen, 1983).

<]

<]

o

]

kel

o A Al

°o]-&

Al Al

-

1S A

Power Model
A
2)

J

o

1

al., 1980).
ol

Richard

-

ojy

9} Chen® AFEd-g AN

Jo] )

A
A

—Paramater Power Model ¢t

_23_

R4

3 Three

MEE AL

Richard and Abbott, 1975).



Kishi—-Chen®] Three-Paramater

-
1.

S5aL 3l

£33

7l
£

b B Z(TSD) 4359

e

74

Power Models B & 9l

3.3.1 Three-Paramater Power Model

N
o}

—_

_ZTI

—_

aig

o}

+ Power Model<-

3
T

o] &

53Tt

S

21313 19352 Y ¢ glth

S
L

(3.1

-
=
Nro
o

Il
o
70
17ro
oo

- o

£

~ I

S

N

NE Lm

2

T U

4 o

N ol

~ nr

JJ )

<

5 M
= o
> 1+
Il m

X

N 3

T =

-
1]
c
e}
-
o
- ﬂl.-
I 0
c ol ©
il 2
k -
| @
. o e
L] Il +
- { -1 - -
£
J. ¢ e L
| m 1] Il ~
3
B i\ \5 3 s
4
/ ; Il
Q
N o
3 2 v
x

1% 3.5 Three—-Paramater Power Model

_24_



3.3.2 Three—Paramater Power Model2 +Aslt= o7l 9] H A

O =71 A5 A9 24, Ry
%

59 M FNLS Azizinamini 5 (1985)3 Altman 5(1982)¢] Ao
Aste]l 21936, 3.77 #Zo] YERE F 9t
g Ay—y— BOLT —1A——  TOP ANGLE
_ NUT
| ] 3/ q
ia { s
Q ] _FIXED SUPPORT Q
N 7% S
TOP_ANGLE| =
™ /i PLASTIC HINGE
S &5
N 1
— - I I_ o™ e e Ve
1 - |
a4 3.6 A @G A&
COLUMN COLUMN
N 3
TOP_ANGLE
|C HINGE
GENTER of ROTATION
As
as 3.7 B-7) g e A sks

_25_



Rki = ‘K;f +‘K;s +‘K;a

3EL(d,)?
g9, (> +0.78t7)

it

6FI (d, )
“ gy (g 40.78t2)

o] 71 4] Kyi= top—anglel] 93k 27| 74
Kis¥= saet—angle] 93t %27] ZA,
Ki.¥= web-angle o )3t 2774,
El+= top-angle?] 74,
El:= seat-angle®] 3744,

EL3= web-angle®] 744

g1 YFEEHN AFs= topangle®] T4 A (=g~ W/2-t/2),
Aol(=g.~W/2-ta/2),
di& d+t/2+t/2, T seat—angled| 4] E&F @H 9

gsv BHEHA 7E3HE web-angled 4

ds d/2+t/25 YERYILL

@ =3 mHE 8 AFA M,

o] 7)1 A Altman(1982) ¥  Azizinamini(1985)°l] 3 A&z =7

PuAZL AAE -3 B2 AT FHFAAA Y AAUES

(3.2)

(3.3)

(3.4)

(3.5)



PLASTIC HINGE LINE

\
/»i

a
Prr—

&

> | B
" FLANGE

#|\ill

19 3.8 =3k

Ah SECTION

COLUMN FLANGE

Aejol Aol B BF FA

COLUMN

COLUMN FLANGE —=

> "\ BEAM
BEAM
: , FLANGE —
Y 1
Lirvi I’nrmli L st i ke | oo
o r : ““““““ = o = @RI
P N -

CRITICAL SECTION AND

CENTER OF ROTATION C
SEAT ANGLE

ol
ol
e

_
ofk
ol
x
o

_27_



M, =M+ M, +V,d, +2V,d, (3.6)

o] 7] A My top-angle?] ERE(o,

Y

=F),(Vig/2),
Mosi= seat-angle?] 24 ZHlE(p, (t,)%),

Vi top-angle =456 23099, Vs vhee] 2oz ALtd

Vv g, V
Pty J2 Py 1
(_Vot) + tt(Vot) 1=0 (3.7)

AN Val ol )% g g —k—W2—t,/2,
do d+ty/2+ky, Vs d+t/2+Kkt,
Vet single web-angle®] 24 A3 {(Vou+Vea)l/2),
Ve Thero] 2l o2 AlLbgth

Vu g? Vu
(Vp )4+t—"(vp )=1=0 (3.8)

AN Veulz ot/2, gyt geka, di
L@V, +V,)/3(V,, +V, )+l +t /202 Axact
® B3A%5 24, n
W3 AR B9 2A¥ARE )22 vFe] Purduetistel A 2@ ol
o]

o AAA welguel s THE 93

_28_



connection type n (e, 0, =M,/K,)
Single web-angle n=0.520log;,0, +2.291 log;¢8,>-3.073
connection 0.695 log(8y<-3.073
Double web-angle n=1.322log,,0, + 3.952 log, (8, >-2.582
connection 0.573 log,,0,<-2.582
Top-&seat—angle n = 2.003log,,0, +6.070 log;,6,>-2.880
connection 0.302 log; (0, <-2.880
Top-&seat-angle n = 1.398log;,0, +4.631 log; o8y >-2.721
connection with double

0.827 log,,0,<-2.721

web-angle
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