creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

A9 e R

1!

Gl

(13
of

o] WZIEA

84

0 ALEE

Tor

B

Tor

ﬁo
g

3}

Ho
Hr

TH

N



A8 e R

1!

Gl

(13
of

o] WZIEA

Tor

84

20 20

3}

(13
of

Ho
Hr

TH

NF



202
1d 849 27¢

L
_#o_l

()

~
_#o_l

~
_#o_l



I Al B s 1
11 S TEHI TR s 1
12 ?j?—%ié}: .............................................................................................. 4
1.3 0] TEA] o e 6

T AATE D A A HFA] s 8
D] TEU] 7] T weereer e 8

211 WK A F1d - Snn . S e, ]
2.1.2 ZPIBLR] A A| SRttt ans R oo s 10
2.1.3 AX I A A TS B ... e 12
2.2 B Q] 7] T weereee e 15
291 AASHTO TRER ettt e, 15
222 Euro Code S(EC_S) .............................................................................. 16
293 CALTRANS weeeeeesessmssmmmmsemmssesssssssismssssssssssssssssssssssssss s s ssssssesans 20
23 /gﬁpﬂo]—/;]] .............................................................................................. 24
231 AA/Z] A T TFLI S et 24
232 TZFT]ZE ZFA] coorerssstssiiisisiiininitsiistssesssssss st stssse st sasns s ssaens 25
233 TLZF7] S 0] ZZ] ] T ererrereeisereeiseit et 2%



M TLZE7) 5 9] ZFA] ceerreremremmnentiniiiniitniis s 29

3.1 Bl AT T AF I BE ceeeeeet 29
31.1 6@'5!_%1133/374]}‘@ .......................................................................... 29
3.1.2 i:ﬂ_}EE‘:‘}—O‘H/\‘] .......................................................................................... 31

3.2 WZF7) 59 B /BFEL TZFA] 32

33 HFFLZ FE v sisess 35

3.4 Ao A B A AL A eeeverereeneie 40

35 AT} ZdE e 46

IV ZF7) 58 T3] EL T oottt 48

4.1 BNAAUAF TLZET] 5 e 48

4.2 NLZF7]F Q] A TG AL cereeeeee 51
421 %}\é.‘(—_):fill}l\j .............................................................................................. 51
422 ;ﬂ%}\é%g—{\j .......................................................................................... 56
4.2.3 ﬂﬂﬁg/}}u] .............................................................................................. 62

4.3 A | A A ceererenreee et e 66

A4 AT} ZLEE o 71

V @% ............................................................................................... 72
7‘9—_,‘7_.5_-(:54_ ............................................................................................. 75
B B iiiitetetitticittietietetittttittttteteateeasancasansaettarsasansasansaeasassasansasanas 79
TEAF Q] T weverererernrnrenniiin e 109

i



i L1>

iE 21>

3 2.2>

it 2.3>

2.4>

i* 31>

it 3.2>

i* 3.3>

it 34>

it 3.5>

it 3.6>

% 37>

it 3.8>

4.1>

3 4.2>

3t 4.3>

3t 4.4>

3 45>

i 4.6>

3k 47>

4.8>

4.9>

FHUEE el SR KR cesrseusesenssvsstssussissusssssissusssssussusssssnsssssussssssses 2
SR A (R T A 7] Fo, R—factor) «eeeesssseeeeeseeesn 11
S HTAAT(AASHTO LRED, R—factor) «seeeseseseeeses 15
AZAGF HUFHECS, q—actor) - wseeseemsseesessscisenineees 18
A,y Wi g e s 19
22 2 (PSSO L BT PR J - T eeeseerenseinsenncnees 32
B A/ 7FA] dlof] thak ZFE = (D3.0m) oeeeeeeeeeeeeeeeeeneees 36
T 0] BTG E BDZ0Mm) - besttssheerrrrssnsssnseonns 37
I Ao N W D PR— 39
7l7] = ISR . ... e 41
CORCINS W B B SRRt e 49
i SRR Rl R o SRR— 43
7Pl BN 0 8 BE o he e R s 15
o A} = A 7 2] A B R g 50
FAA ST A] Z0]Q] G TE v 53
XS TN A A Y] A TE(HG.Mm) -eeeeereeeeesresemseesessessmanees 54
A S F A A 3 A1 9 03?'{}(@, () IR RSP 55
A GA S| A 0] 9] O FE(DRSM) -weveeeeereereseesesemsesensunns 59
A ST N A 2 A Q] 0 TE(HRGM) «eveveereerereessesemseesessennes 60
AV SF AN DH 208 GHOFY D, @) v 61
H3Epe A4S 93 ﬂzisg/gu], R,Pq, p, e 64
AAME D & @0 TEE R, p, o 67

111



Xt

mr
0

L/xg %%}-(1978N2019)

<3 21> BAAAE T A AR ZE s

<1% 292> %}éx}ﬂ%%ﬁ]f’:(q)

12

14

<a¥ 24> FA7

14
16
17

20
21

22
.93

T
wK

B

;
™

3

X
il

M.
il

<adg 211>

25
28
29
31

<9 212>

i)

33
34

37
38
40
o2

<% 35> P-MAFTFE(DB.01m) ceeeeeeseeeeeeseeesssessessenseneniinitsiniiatateniiiiins

Hr

<a¥ 41> #

v



< 42> BAST AN 0] o] &I BE(DFM) wwervevereererseremememsenenne 53

<28 43> AAASZANA H ALY G BE(HB.0M) weereeereremereseresesesmsnnas 54
<Y 44> AR STANA FAHATH Q] GEE(D,D) eeererrrrerrerenserinenes 55
KT 45> AGAGIA v s 57
<Y 46> AGASZANNA 0] G TE(DAGM) weeererereerereenmneennas 58
<2 47> AGAETANA ZAA O] O FEH(HB.Om) oeeeeeereerssseeessssenesess 59
<9 48> AW ST M)A B HIH G GTE((D),[D) werverererereeeenenns 60
<29 49> FFER = (D3.0,H/DI1.9, p,=0.0097) reeerreesseerssssresseensssenennas 64
<39 410> F-Aeya) 2= (D3.0m, H/D=1.67, p,=0.0009) --=sweeeeeeees 63
<Y 411> 24334 A4 (D3.0m, H/D=1.67, p,=0.0097) -weeveveeeees 63
<39 412> F-Adga 2= (D3.0m, H/D=2.3, p,=0.0014) -w-eeeeeees 69
<Y 413> 2434 A4 (D3.0m, H/D=2.3, p,=0.0097) «+r:sseeeeeseeeeees 69
<2¥ 414> 24334 A4 (D2.0m, H/D=25, p,=0.0096) --eeeeeeeeeess 70
<2 415> 2434 A4 (D2.3m, H/D=3.0, p,=0.0097) «weeeeeeeeeees: 70



Earthquake Resistant Design of Typical Bridges

Jun-Bum, Kim

Department of Civil Engineering, The Graduate School,
Pukyong National University

Abstract

The purpose of earthquake resistant design for bridges is to secure
the “No Collapse Requirement” and to shut down the delivery of seismic
force to superstructure, which is possible by bridge mechanism design.
For typical bridges, damage of superstructure or foundations leads to the
bridge collapse and therefore bridge mechanism design is to be carried
out with the connection and substructure. Bridge mechanism with
substructure yielding is ductile mechanism, which requires plastic hinge
formation at pier ends. On the contrary, bridge mechanism with
connection failure is brittle mechanism, which requires shear keys. Such
ductile or brittle mechanism is to be proved with section forces obtained
from the spectrum analysis method based on elastic behavior.

Because seismic forces are delivered to the superstructure through the
pier, pilers are essential structural members in the earthquake resistant
design. For typical bridges with reinforcement concrete piers as
substructure, the “Roadway Bridge Design Code“ provides the application
of flexural/yield stiffness according to the yielding of axial reinforcement
for calculating the section forces. Because different column stiffness
provides different section forces, from which the yielding of connection
or substructure is determined. The ductility design determines the

transverse reinforcement ratio and ductility with the required response

vi



modification factor but ductile or brittle mechanism is not verified
therefrom. Because the seismic behavior of piers is determined by the
flexural/shear performance curve, the possibility of ductile or brittle
mechanism design can be confirmed with those performance curves.

In this study, a bridge with steel bearing and T-type circular RC piers
is selected, and section forces are obtained with the flexural/yield
stiffness of piers. Base on these two different section forces, bridge
mechanism design is carried out and the safety of the “No Collapse
Requirement” is reviewed. Also, for circular RC piers, influence of
design factors such as height, diameter and transverse reinforcement
ratio on the flexural/shear performance curves are analysed, and

conditions are proposed for ductile mechanism design.

WA gl BAYAFE, AR/AN WAUS, A, BeEade wE, 197

KEYWORDS : No Collapse Requirement, Ductile/Brittle Mechanism, Elastic
Analysis Method, Reinforced Concrete Piers, Flexural Stiffness,
Yield Stiffness, Flexure/Shear Performance Curve
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<E 21> SEHFHAFT(ZERZRMAI|=, R—Ifactor)
Substructure R
Wall-type piers-larger dimension 2

Reinforced concrete pile bents

e vertical piles only 3
e with batter piles 2
Single columns 3

Steel or composite steel and concrete pile bents

e vertical pile only 5
e with batter piles 3
Multiple column bents 5
Connection
Superstructure to abutment 0.8
Expansion joints within a span of the superstructure 0.8
Column, piers or pile bents to cap beam or superstructure 1.0
Columns or piers to foundations 1.0

(Actual Response Factor; R;)”7
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<#Z 22> 8e+dAF(AASHTO LRFD, R—factor)

Importance category

SubstrgBrure Critical |Essential| Others
Wall-type piers-larger dimension 1.5 15 2.0
Reinforced concrete pile bents
e vertical piles only 15 2.0 3.0
e with batter piles 1.5 1.5 2.0
Single columns 15 2.0 3.0

Steel or composite steel and concrete pile
bents

. . 15 35 5.0
e vertical pile only 15 20 30
e with batter piles ' ' '
Multiple column bents 15 35 5.0
Connection All Importance Categories
Superstructure to abutment 0.8
Expansion joints within a span of the 08
superstructure ’
Column, piers or pile bents to cap beam or 10
superstructure )
Columns or piers to foundations 1.0
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<¥#¥ 23> AsAT2 =z ofak(EC-8, ¢q— factor)

Seismic Behavior
Type of Ductile Members lelped Ductile
Ductile
Reinforced concrete piles:
Vertical piers in bending 15 35X (o)
Inclined struts in bending 1.2 21X (o)
Steel Piers: 35
Vertical piers in bending 15 2'0
Inclined struts in bending 1.2 '

. . . 25
Piers with normal bracing 15 35
Piers with eccentric bracing - :

Abutments rigidly connected to the deck:
In general 1.5 15
Locked-in structures 1.0 1.0
Arches 1.2 2.0

* o, =L,/h si the shear span ratio of the pier, where L, is the

distance from the plastic hinge to the point of zero moment and h
is the depth of the cross-section in the direction of flexure of the
plastic hinge.

For a, >3 Ma,)=1.0

as
3>a, >1.0 )\(a)z\/
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FaE AR e WS AASIEANEM 9 FESE )=

Agsta tdo] gl HFEIZAYE IS 1HT Asw) 128 4

Hhzk 52 Agetar AW EC-8 Part 2 Bridges® AA431# F7+¢]
g ukskA 1] += Ductile, Limited ductile =5 2] (2.7), 2] (2.8)5 w3}

£% H2x YYFAE AAS] FaB A4S Fustu o

Limited ductile behavior 70]4S W=t £S5 3#] @olx FHU}

L A AEEAL QT

Wy e = max(l.4wu)7req;ww7min) (2.7)
W, = +013fyd( —0.01) (2.8)
w,req Am U . fpd Pr . .
<i 24 > >" o‘)uz,min
Seismic Behavior A Wy, min
Ductile 0.37 0.18
Limited ductile 0.28 0.12
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-

Caltrans Seismic Design Criteria(Caltrans, 2013)
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Factor 1

PV, (=V +V) =,

‘/;3 = VCA€
v, = Factor1 X Factor2x +/f. < 0.33+/f.
v, =0.25 X Factor2 X \/f,) < 0.33+/f.

0.025 < Factorl = %ﬁgjto.so\f)—o.ossud <0.25

C

FCLCtOT2:1+M <

1.5

e

2 3 4 5 6 7

2]
©

Ductility Demand Ratio, pg

<O 211> HedMzo 2§ Z232[E MEHA

_23_

(2.9)

(2.10)
(2.11)

(2.12)

(2.13)

(2.14)

—&— pify,y =0.35 ksi

—a— Psf i =0.05 ksi



]

<l
=)

H

2.3 A7

=
=]

2.3.1 d4/54 "7y

(Ductile

w7HY =

—
file)

il

Mechanism)2 24

i)

(Brittle Mechanism)-<

=
=]

A4 v 7h]

Tt

I

jari
file)

i

4% FEus

2l

Foh(Kook, 2014).

3
pul

3
bl 19 2123 Zo] EA

S

S

o
=

18

X

NG E(M,)/ S (M,)°] .

AG(R=3)°]

g

PN
%

o
o

-
R

—
file)

M2 1ILCDH g2 20C2) FolA

S

1)

T 239 1, 2(LC1/LC2)

Mo

_24_



€9(M,)

2}

HEZ 279

1

9
yul

LC

A=Al o
MM
M,/ M,

0]

pier column
yield range

1

stz 2LC2)NM AATE=(M,)/

S

M,/ M,

strength
action force

2.5
1.0 YA

2.0
1.5
0.5
0.0

Fs23 L(LCHZ

°

2)

oF
Bl
r

700

uto

N

E

<1g 212>

232 nf7)5 374

|
—

el

_25_



o)

ou

10

10

el

B
22

el

—_
file)

olo
&
el
7o
N
gl
I

)

—
file)

o

¢+

el

<

o
0

e

)A

o))
fvzel
<)

%0

HHor dAdAEANAN HE

B e
R

Qe e

)

SR REE

i 7H =

=
file)

|
—

)

o)
i

file)

o

ol

e

2.3.3 w715 A

)

X
%

—
file)

el

E

o]

o
A%

]

(e}

Eias

L
e

F7] w2l #ASE

s

oK
=y
=y

1E15
=

i sk 7}

37 9%

I~ == O =
T U

]

Hol— =

_26_



SECY > oo 1
&) -
w7 greT iz gy °
5 = 2 8 = o B S T Rl ;
af 2 § S > L 3
ol a wow 2 E £ P RS 70 I L B N s Lo
b o W T = 3 U o W X %0 Wb S N
X m@wa,mm;ggga W G
+ N S B o A2 G ow oy R = of ® 70 Yoo Mo S 2o
| m 5 0N S ' o= ned oS T o oS 3 : 0
o a%SLqﬁom(Mr.{ﬂ@ 7%§moﬁmﬂoﬁ.ma._
7o M P I T 2 M ipi=l3 P B xs
©or G2 SEEFSRUREE R = o ox 8o
A 5 T £ 5 p < W ) X £ T &
= -~ £ F = Bm Doy ® o T - W e
ojy oF ® ,W r I Hr =Y @ 0 —o A il ol ™ K T 9 =
s B i g o B 3 MO E 5 4 E i
% - g TR SRS 5 o 5w & G
~ el ~ o ) aze)
Ir E£ExZ s g R S < S )
= T w2 pal I R i e 2 9o B
=l 9 F L g e 5 O H@%ﬂﬂ%ﬂ}ﬁﬂ
= ~ z M W 3 = =5 o YR wmowm B s X
ol o0 S ﬂ\w o Ko o L T B =
= Np oo oW o ow B OZ Mo BT e N METI]
) Jo D = ol 9 T 3 o % el 2 < 0 5% sy
T N o P Y - - T D& >
HE W WL R /A_\ R _.1.Mu g = o= mu\ ﬂw _ %o Moo = ol iy N w_l
wr 70 = O 1@ oF m Nlo Wlﬂ m (i M ar 11,% Mu & Mw_ N malg of M
R ! L i g} d X ~ I I rugnl
= m;%ﬁo..oﬁeﬁmmﬂwww%a%ww;wm,ﬂu
ERLY PG ° ~ . % RS o o WL T N R o _
w%.ﬂgz#wﬁ_m&% - ﬂ_farﬂar@_oo
R R [ S mm W2 Ta ~ ol oo =) o
T T o W g = o X % do oo B g S W ] %o P oju o
s R od B g g ¢ = Wb b 0 e Y — oz o 3
=~ 5§ F b g & = S W i w _ S e % o M
o o W EEh B K E T @ggﬂqﬂﬁo_s@rﬂﬂ
TR . m o file) m D)} ~ d_ﬂ ~ = = @ ho T o =
< = W 38 ° g 5y 9 oy N fry M T
v % U ~ B 1mw.aﬂ%7g1hﬂﬂ@zﬁg?i1o i+
T ~ EL e E g EE eV wom T _ = W g
o B S % = 5 5 S F ol oo w W o Ll
Jo o BTN o owm o R do =
0 o NX m W:.“

- 27 -



SFM

FSFM

FYM

IH

<13 213>

_28_



3.1 3

3.1.1 3

p—

A7 265m (50+3@55+50)%

<

2ol

A

—_—
file)

50m

A2

3@55 = 165m

50m

Al

P4

P3

P2

P1

H

g

|
K{o

10.55m

2.4m 1.25m

1.25m 2.4m

3.25m,

2.8m

7.0m

G2

G1

w22z

D3.0m

H

g

1l
o0

=13
S

HACHa o

o

<1g 3.1>

_29_



AVE-3E A= SM4900] AL

FH--% 24 MPao| ™

)

ﬂrwo

M

=

AZEE ARFZ 27 MPa,

g E A

=
T

FH-7-% 300 MPao] t}.

)

-2 400 MPa,

2139 Midas/Civil (Midas

3L

T84

2d(Kook et

al., 2002)= A&t o™ 19 3.2 (a)sfA Lol AAEE npe}

KeX
=

IT, 2004)

Nro

(AA/md)e 2o}

2 oA =

]_

she

T I

7}

A 1400 ¢

W

bl o,

_30_



deck cross beam

(plate element)  (beam element)  steel box
(beam element)

7 rigid element
\ cap beam

(beam element)

steel bearing
(node)

column
(beam element)

() 5] e

Al P1 P2 P3 P4 A2

I % =
G1

+ 1+ 1+ 10 |+ [+
A E

+ |+ [+ 0 [+ |+

Al P1 P2 | P38 | P4 | A2
Giv| — T WO . — | -
e |+ [+ [+ [ [+ [+

(b) A v A = (A A/ )

<12 32> AHEZG|A md
3.1.2 =¥ E 34
gEroaie A4s ne = Agrore] &o] 90%o|At ==

T+ 42.6%°]1 1L

1 %2 7)
= 53.6%%E AR EAGY. @A SHATE WS/ w22k A

_31_



427 0
AgEe 2AEYN S FAste] nYT Wie] 9l PIA FER
goz Tagor FAWHY FHHH)F WAF Hue FnAe

<¥E 3.1> %% (D3.0m)

orthogonal
load structural seismic force action
case member o force
longitudinal | transverse
H,(KN) 2511 941 2681
LC1
M, (KN'm) 71104 12833 72253
Lah H,(kKN) 965 3446 3579
M, (KN-m) 25639 40692 48096

ENE ZadEeE ©@AASF (F =

of
ot
s
rd
=
>
i
e
j=
=
—_
=
>~
©
s
ol
o,

23.05GPa)et HE FA3 gH2xpRWE(I=3976mb)e] HLgow
91.65x10° kN-m?¢] A4 # ),

_32_



70D32
66D32
D10@200
tel & Bl o8 A=, 7]

s HEZHA

°©

3.0m
= 4§

=

<13 33> 1
E(9,)

= Mo o
Q) MR S
o - 1%
HoRoo g
B T LA
A
file) 1m ,Ll.._
do 7 I *
< % & F
up uu Gl
S wo Mo
% ~ ..% o
p g o
— _O a
o) =i
N
& o I
Phu Jo X ol
~ —~ =
= = N fu
M - & ﬁo AT E
I O = oy M
= < ot =
= = x T
= B
= -
ol oo
oy Mo
I
ﬁ o %M
. A o) P° 0o
oy = B do
Hr B = of
x o <5 P
. = u x B
i w3

Bde 412x10°kN-m? (=46.1x10°/1.12x107%)
_ 33 _

5}

1.12x10°m*,

= O
=

Strain Hardening® €S % &



Hm™h)

0.012
AAE)S} A GB2)=

7.069 m?),

0.008
10.42x10°kN), ZagE A4

0.45tF.

-
R

H]

Ar=H(P,

0.004
1

0]
TS

5}

0427} #tf.

}soll <
24 MPa), w275 SRH(A,

S

(;k’:

M(10° kN-m)

50

40

30

20

10
0.0153), A}
3.976 m")

7= =,

v
4

X u]_‘g

3

7¥

o

(3.2)

Ly

u

P
fck’Ag

0.16+12p,+0.3
— 34 —

L, csr



MUY wAvIFAA e FEAAA/ALE W 045 042%
AASHTO LRFDolA AAIgE 059 Hlushd 24z} 0.9u], 0.84u) = 2 =
o] 7} §lal CALTRANSOI A A cfdaredo] kel u] 0.0153¢0 of g
0.38~0.472 wwstd 75 weete]l ZetEvl EC-89 d4Hte &
oA wde] A vl @H2ARRE(],) 1.787m*(=0.08x

3976+1.787)& A48 FHAA(E, L) 4852x10° kN-m?o] 31 &-%734]
/B3 W= 05302 sy vlastd ZhzE 0.859, 0.799 9

w71 %e] AAHE FEFA/FAA S v (Yield  Stiffness/Flexural
Stiffness ratio; °©]8F YS/FS H|=Z % &3H) 1.0, 055, 045, 0.352 &3}

o REgan gEreadedfas st 488S A4se]

_35_



0.35
2241
60404
2941
37455

0.45
2375
62517
3028
38896

YS/FS ratio

0.55
2419
63675
3132
40401

1.0
2681
12253
3579
48096

action
force
H,(kN)
M, (KN-m)
H,(kN)
M, (kN-m)

LC

—
file)

o

.
a-

7

3.301 A4 A7
LC1e AASLHE+A

Ay A
3t

[e)

L

TR R

Kook, 2014).
e}

R4

k)

7T s B
2% 359 AAIF P-MA#E A 53 10774kNell 3)

}

Aa (N\)el Hez

=47

-

R

o

AASHTO LRFD 133 H|aetH Z 2o]7F glaz CALTRANS 1.2¢F H]

wEH 1.1u]9]

(M)
3,7

P

o

—
file)

)
]
oF

-

frod]

N5
%
o)

_36_



P(KN)

174500,

157050
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87250

69800
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a @Pn ] e_min
< e_b \\
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465

250 42300W9350 56400 63450 70500

M(KN.m)

<12 3.5> P-MA2b& (D3.0m)

<¥ 33> nzt7[s9 Zx/%EY H|(D3.0m)
YS/IFS | LC M, M, Ry Ao M, | M,/M,|M,/M,
L0 1 72253 155 | 1.328 | 61800 | 0.644 | 0.855
2 | 4809 1.03 | 1.302 | 60608 | 0.968 | 1.260
1 63675 1.37 | 1319 | 61399 | 0.731 | 0964
09 2 | 40401 0.87 | 1.294 | 60236 | 1.152 | 1.491
0 1 6517 | 0 9o 1817 | 61306 | 0745 | 0981
2 | 38396 0.84 | 1.292 | 60143 | 1.197 | 1546
1 60404 130 | 1315 | 61213 | 0.771 | 1.013
055 2 | 37455 0.80 | 1.200 | 60050 | 1.243 | 1.603

— 23’7 —



_ strength pier column _ strength pier column
action force D yield range action force D yield range
2.5 2.5
2.0 2.0
15 1.5 1461
1.260
10 R=1 10 R=1 \—‘ 1.152
T o8 0.968 T 0964
0.644 |:| 0.731
0.5 0.5
-7~ 7 R=3 . 7777 -7~ 7 R=3 7777
0.0 0.0
1 2 LC 1 2 LC
(@ YS/FS 1.0 (b) YS/FS 0.55
strength 3 | strength . |
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<¥E 36> %EH
LC1 LC2
YS/FS
H,kN) | M,(kN-m) | H,(kN) | M,(kN-m)
1.0 2477 66762 2794 37242
S/FS 0.55 2276 61636 2471 32464
(D2.3m) | 045 2182 58966 2365 30790
0.35 2030 54619 2210 28230
1.0 2419 65547 2724 36053
S/FS 0.55 2176 58955 2358 30783
(D22m) | 045 2064 55786 2243 28906
0.35 1926 51794 2107 26595
1.0 2367 64407 2603 34537
S/FS 0.55 2065 55969 2244 29011
(D2.1m) | 045 1954 52791 2134 27164
0.35 1819 48372 2005 24899
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<E 37> mzte| LE/AEY bl
DI ue | [ [ [ e [
1 66762 2.84 | 1.392 | 32740 0.352 0.490
Lo 2 37242 158 | 1.329 | 31258 0.632 0.839
1 61636 262 | 1.381 | 32482 0.382 0.527
09 2 32464 1.38 | 1.319 | 31023 0.724 0.956
23 1 58966 23520 251 | 1.375 | 32348 0.399 0.549
045 2 30790 1.31 | 1.315 | 30940 0.764 1.005
1 54619 232 | 1.366 | 32131 0.431 0.588
055 2 28230 1.20 | 1.310 | 30812 0.833 1.091
1 65547 3.26 | 1.413 | 28390 0.306 0.433
Lo 2 36053 1.79 | 1.340 | 26915 0.557 0.747
1 58955 293 | 1.397 | 28060 0.341 0.476
09 2 30783 153 | 1.327 | 26652 0.653 0.866
2 1 55786 Y 278 | 1.389 | 27902 0.360 0.500
045 2. 28906 144 | 1.322 | 26558 0.695 0.919
1 51794 258 | 1.379 | 27702 0.388 0.535
055 2 26595 1.32 | 1.316 | 26442 0.755 0.994
1 64407 3.59 | 1.430 | 25638 0.278 0.398
Lo 2 34537 193 | 1.346 | 24144 0.519 0.699
1 55969 3.12 | 1406 | 25216 0.320 0.451
059 2 29011 1.62 | 1.331 | 23868 0.618 0.823
2.1 17930
1 52791 294 | 1.397 | 25057 0.340 0.475
045 2 27164 151 | 1.326 | 23776 0.660 0.875
1 48872 273 | 1.386 | 24861 0.367 0.509
055 2 24899 1.39 | 1.319 | 23662 0.720 0.950
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H 38> HALEL 228

D R-factor over strength

(m) YS/FS| R, H, R H, MM, H,
1.0 2.84 2794 2794 0.839 2344

03 0.55 2.62 2471 ) 2471 0.956 2362
0.45 2.51 2365 2365 1.005 2377
0.35 2.32 2210 2210 1.091 2411
1.0 3.26 2724 2724 0.747 2035

59 0.55 2.93 2358 ) 2358 0.866 2042
0.45 2.78 2243 2243 0.919 2061
0.35 2.58 2107 2107 0.994 2094
1.0 3.59 2603 2603 0.699 1819

01 0.55 3.12 2244 3 2244 0.823 1847
0.45 2.94 2134 2134 0.875 1867
0.35 2.713 2005 2005 0.950 1905
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74 10mm,
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200mm=
0.0010(D3.0m), 0.0013(D2.5m)¢] AF4H . D2.0m, D1.5m, D1.0me] 7%

4 g3tm

9oz EAS FEY IFHIHE DAAAMACNAM  sFEHE
0.0097(D2.0m), 0.0119(D1.5m), 0.0204(D1.0m) Xt A3 A£8-5HTAA
T BT A ANA aTskE SHTFAAITE R=3 o]o|t]
<E 41> AMTMAL R, p,

- D3.0m D2.5m D2.0m D1.5m D1.0m
M R | o | Ryl b | Ry 0 Rl ps | Ryl ps
30 | 076 | 00005 | 1.25 | 0.0007 | 2.34 | 0.0051 | 4.46 | 0.0114 | 153 | 0.0280
50 | 1.30 | 0.0009 | 1.88 | 0.0027 | 2.85 | 0.0060 | 5.75 | 0.0174 | 19.7 | 0.0312
70 | 155 | 00014 | 214 | 0.0034 | 3.84 | 0.0099 | 584 | 0.0187 | 20.0 | 0.0326
9.0 | 173 1 0.0021 | 2.81 | 0.0056 | 3.97 | 0.0109 | 584 | 0.0195 | 20.0 | 0.0337
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5.0 | 5798 | 0.60 12 | 3.00 | 6596 0.60 | 103 | 2.34
70 | 4141 | 043 | 23 | 575 | 4711 | 043 | 187 | 4.25
9.0 | 3221 | 033 | 38 | 950 | 3664 | 033 | 295 | 6.70
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<E 48> HY=EC THE 9 ANYAH, R, o
design _ _
method D(m) H/D R,.,(5) p, (=)

3.0 1.9 1.38 0.0097
25 2.0 1.88 0.0096
D 2.0 2.0 2.69 0.0097
15 1.6 3.56 0.0119
1.0 15 7.78 0.0204
3.0 13.8 3.86 0.0096
25 9.3 3.73 0.0097
@ 2.0 34 3.80 0.0097
15 2.1 4.53 0.0123
1.0 15 7.78 0.0220
F(10°kN)
20
16 +—
12 -
sk LYl
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41
0L | | | | |
0 20 40 60 80 100 120
A(mm)
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B3.4 #3852 =(D1.0, H/D1.5,
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______ T~ D2.0m
4= STl
0 | | | | | DI0m’
0 10 20 30 40 50 60
A(mm)

f D,/ D, A, = D;/Dy |V, + v, D;/Dy|A, _s| D,/D;s

Ba=5

3.0 | 18928 | 1.00 7 1.00 | 10617 | 1.00 17 1.00

25 13111 | 069 8 1.14 7340 0.69 21 1.24

3.0 | 20 [ 8425 0.45 10 1.43 4731 0.45 26 1.53

1.5 | 5245 0.28 12 1.71 3167 0.30 30 1.76

1.0 [ 2916 0.15 14 2.00 1993 0.19 36 2.12
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F(10°kN)

20
16
12
D3.0m
8. o
Y R e D20,
0 T T Di0m
0 100 200 300
A(mm)
<18 B26> Mcotds=3M A AL AEHH7.0m)
<% B26> MM SZMolAM AHZAL A E(H7.0m)
(rlfl) (3) V, |D,/Dy|A, .| D,/Dy|V,+V, D,/D,|A, ;| D/D,
30 | 18035 | 100 | 37 | 100 | 9724 | 100 | 93 | 1.00
25 12367 | 069 |~46 | 124 | 6596 | 068 | 114 | 123
70 | 20| 7830 | 043 | 57 | 154 | 4136 | 043 | 141 | 152
15| 4798 | 027 |65 | 176 | 2720 | 028 | 162 | 174
10| 2618 | 015 | 78 | 211 | 1695 | 017 | 195 | 210
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F(10°kN)

20
16
12
D3.0m
8 F===-=--- ~w
B SRR D2.0m
0 | T T T T Diom
0 100 200 300 400 500
A(mm)

/D; (A, —5| D;/Dy|V,+ V| D,/ D, e L5 D,/ D;

3.0 | 17886 | 1.00 61 1.00 9575 1.00 154 1.00

25 | 12243 | 0.68 75 1.23 6472 0.68 188 1.22

9.0 | 20 [ 7730 0.43 93 1.52 4037 0.42 234 1.52

15 | 4724 0.26 107 1.75 2646 0.28 268 1.74

1.0 [ 2569 0.14 129 211 1645 0.17 322 2.09
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<E B28> MOIMSZMoA HHZHS 3.0m, HH O, @)
(m) | (m) | v, | v,+v,| p vV, |@@| V,+V, | @0
3.0 18928 10617 0.0005 | 10327 3.4 2016 1.01
5.0 18303 9992 0.0009 | 10031 3.70 1720 0.96
3.0 0.0097
7.0 18035 9724 0.0014 | 10297 3.93 1986 1.17
9.0 17886 9575 0.0021 | 10770 4.19 2459 1.49
<E B29> MUAMESZMo|A FHHe HE(D2.5m, 2H O, @)
(m) | (m) |, V., | et V| o v, |@@| V,+V, | @@
3.0 13111 7340 0.0007 | 8426 0.64 2654 0.36
5.0 12590 6319 0.0027 | 8262 0.66 2490 0.37
2.5 0.0097
7.0 12367 6596 0.0034 | 8038 0.65 2267 0.34
9.0 12243 6472 0.0056 | 7914 0.65 2143 0.33

<¥ B2.10> FEd sHUHolM HZH| 2 &

(D1.5m, & ©, @)

(m) | (m) v, [V.+V,| p v, |@@ | v,+V,| @@
3.0 5245 3167 0.0114 | 5096 0.97 3018 0.95
5.0 4932 2854 0.0174 | 6025 1.22 3948 1.38
1.5 0.0119
7.0 4798 2720 0.0187 | 5891 1.23 3814 1.40
9.0 4724 2646 0.0195 | 5817 1.23 3739 1.41
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<E B2.11> MEIMSTMoA ZH2Ho HE(D1.0m, WH O, @)
(m) | (m) | v, | v,+v, | vV, |@@| V,+V, | @0
3.0 2916 1993 0.0280 | 3474 1.19 2551 1.28
5.0 2708 1784 0.0312 | 3266 1.21 2342 1.31
1.0 0.0204
7.0 2618 1695 0.0326 | 3177 1.21 2253 1.33
9.0 2569 1645 0.0337 | 3127 1.22 2203 1.34
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F(10°kN)
6

5K

4

\ \ \
0 10 20 30 40

A(mm)
<1% B3.3> g52=(D1.5,H/D1.6, p, =0.0119)

F(10°kN)
4
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o
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o1

20
A(mm)

(D1.0, H/D1.5, p, =0.0204)

[n
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B4 A A o A

<¥E B4.1> unzt7|59 %28y & R
H D LC ML Ml R{l
(m) | (m) (KN-m) (KN-m) (=)
1 46131 2.85
2.0 16170
2 29855 1.85
50
1 60593 1.30
3.0 46550
2 31119 0.67
1 66762 2.84
2.3 23520
2 37242 1.58
7.0
1 72253 1.55
3.0 46550
2 48096 1.03
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