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Evaluation and Improvement of Load Carrying Capacity
for Steel Box Bridges Based on Limit State Design

Noh, Dong Oh

Department of Civil and Environmental Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

Bridge structures are socially important infrastructure, and thus require a safe
maintenance during their service period. Steel box girder bridges, which take up a large
portion of pre-existing highway bridges, were so far designed and evaluated of
load-carrying-capacity with Allowable Stress Design method(ASD); however, though design
code has changed to reliability-based Limit State Design method(LSD), evaluation of
load-carrying-capacity is still being done with ASD in most cases.

Currently, evaluation of load-carrying-capacity is carried out using a method with which
engineers find rating factor first by structural analysis and then apply response modification
factor in accordance to load test. However, this evaluation method has a high risk of
subjectivity on structural analysis modelling and calculating section property, thus relatively

hard to draw a coherent and objective result on load-carrying-capacity.

For this reason, suggestions for improvements are provided for structural analysis
procedure to make the model converge to the real behavior of bridge structures, by
analyzing pre-existing research trends and results from load-carrying-capacity evaluation of

bridges with which load test has been carried out. Suggestions for applying the same
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improvements are also provided for the load-carrying-capacity evaluation procedure, and the

results of suggestions for 2 procedures are verified.

And the suggesting improved evaluation method based on LSD in accordance with the
current design code, can apply the improvements verified by load test

From the results of evaluation of 32 bridges that are in service, analysis and comparison
are made on rating factors found by ASD, LSD and improved LSD. The results of the 3
methods show high interdependency. This correlation provides equations to convert rating
factor found with ASD to a rating factor found with LSD.

Unlike ASD which determines safety with allowable stress, LSD presents different
method to find resistance and determine safety depending on the type of section, and thus
rating-factor-converting equations is presented for each of: compact or non-compact section
subjected to plus moment, and minus moment section; in the forms of proportional

equation, linear equation and quadratic equation — for each ASD, LSD and improved LSD.

The converting equations give satisfactory results both “in-verifying of errors, and in
application to other 2 bridges. Applying improvement to evaluate load-carrying-capacity in

improved LSD showed similar effect in result as with deflection in structural analysis.

It is considered that the evaluation method proposed in this study will be useful in
reliability-based evaluation of load-carrying capacity of bridge; and rating-factor-converting
method will prove useful in converting pre-existing ASD based rating factor into LSD

based rating factor.

It is also considered that this study will help when there is not enough load-carrying-
capacity for maintenance, deciding on reinforcement to improve capacity, or to identify
load-carrying-capacity by LSD for in-depth safety inspection or capacity evaluation.
Additionally, applying the results from converting equations will help reduce the cost of

bridge construction in new designs.

KEY WORDS : Improved Evaluation Method 7} ¥ 714; Limit State Design HAI’SEl A AW,
Load-Carrying-Capacity W3}2; Load Test #}3}A|&; Rating Factor W3}t<.
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Table 2.2.2 Status of Bridge Quantity Distribution for Bridge Length

TF A ZHm)
TR
UES H]-8(%) 4 2Hm) H]-8(%)
L < 50m 18,480 57.2 454,993 14.0
50m < L < 100m 5,473 16.9 375,252 11.6
100m < L < 500m 7,491 23.2 1,586,830 489
500m < L 881 2.7 826,725 25.5
& A 32,325 100.0 3,243,800 100.0

00mO| &
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50mO) gk

14% 50~100m
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(@) Quantity (b) Length
Fig. 2.2.1 Status of Bridge Quantity and Length
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Table 2.2.3 Status of Bridge Quantity Distribution for Superstructure Type

PN
TF

. A %Hm) Type's
UES HE%) | A%m | ue@ | BEIR

RCS, RCT, RA 5 RCx 17,102 52.9 577,197 17.8 33.8

PSCE B 476 15 42,486 13 89.3

PSCI | PF 8,074 25.0 980,061 30.2 121.4

PSCB 746 2.3 343,252 10.6 460.1

SPG 485 1.5 82,274 2.5 169.6

STB 4,404 13.6 998,597 30.8 226.7

ofx] Aol BuH 5 Esu 283 0.9 145,935 45 515.7

71 €} 755 2.3 73,998 2.3 98.0

A 32,325 100.0 3,243,800 100.0
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(@) Quantity

(b) Length
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Fig. 2.2.2 Status of Bridge Quantity and Length for Superstructure Type
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AR 2AE £ AHE e B HoR ABHT Yok ATF A
AR wel Zo] FUelAE old] #AE Azl AAH] gton], 20124

A= I F8 AAVEA E2aA7E0] A== 7o A E 2 A

AA FxEo stF B A itk FAA N A% A== ZN Gl

dsl oS TFE A7t QY Folth 53 @REEFA FRuFATANA
t O 93 ATE Bl AR AW DEE20F A Bk A

()1 (2013)= AAskaL 71 Wshy H7be] 2AIME NAdstaat st

1) &3 Wshy B7hEH

A ATAGNHE e FEHAM
g =

= AASL AT 27FA e FERANE

A= @ﬁow *J‘hﬁ?‘f} BrbetE e Fdsth
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TEWeE (P) = K, X RF < P, 21 (2.4)

Az E2a AA7)Fel SARHAANS 7|2 @ﬁl%‘ii A g5 g ol =
W&t Bl AE o8 ol&d Wate Bk W ol
[e3]

BA

o o, dFEZFAH013) A= AR D FAA
5 A

>
T
A
nN'
b
=
(i,
T
_,4
T

(25) & 2 (26)7 Zo] HslgS F7tE 7 IEF Al
WS A AR
R D
Aearg(p) = 2%~ Tanp 425
’YALVLL([)
A7NA, ¢, @ FAE FEHE7F S50 WE AEH7HS (Table 2.3.1 #x)
R, P Ag =
Yap > Yag - FEF7HAIS (Table 2.3.2 =)
Yo, v o SFEAIS (Table 2.3.3 =)
D 1A3tF 9
L) . 4% 183 &35 g
FEUsE (P) = Fx P, 21 (2.6)

F
A7|M, P, . AAZES
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o] YL F2E A dtFe #ATG FAA N ZASE AHE 7
o] P o2 A BAle FAAGAZ MAATIEAA AAStE FSHA
Zejol tiEd AEAF(e) 2ol Table 2.3.13 Zo] BAo AHHII5H
st AEH7HAITE F7F ALT RN, FA At dddrs FEE A
A7 =5 Al bt
1EET wFe FAFuNFEF W AFTHFES ASE FAF, &
] S & 3tFATE Table 2329 #Zo] THAAI|= stER7MATE A
H, FAFLHAuFFADTT) wet st5H7HAITE 95%~105% 2] ol A
A £ U5 ArEP o, Table 2339 stEATE A AV |EH 5

A Hgehdth 1 9 SAAS A2Fe] BE F2AFE Ao, o
)

>
BN

Table 2.3.1 Strength Evaluation Factor

A A 04
A B 1.00

C 0.95

D, E 0.85

Table 2.3.2 Load Evaluation Factor

AT Yap 212 7,
AAwd =44 AAAE T S
1.00 0.90 0.90 1.00

Table 2.3.3 Load Factor

LA (p) 2% (1)
Tpc TYow AR FeHS & 7} 2 Fsk=
1.25 1.50 1.80 1.40

F) ype t FERAS NFEY BB FF, 0 TA 20l DYE
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232 =9 Ujsty B7HE

1) vl=

Hsol s FAE FUet 2ol JE&SHUIA AEHAYES 7R g &=
HEE AMEEI oY, s Twke] A3 e ok
2} 3t} o)l 1997 d9] NCHRPE Project C12-46S Al&bale] 2001do] 3=
IXEE AEsa 2003@oE A= 7iHke] Yty H7PgH<Ad AASHTOS]
LRFR A2 v <L (AASHTO, 2003)°0] &35 ]th

flo

AASHTO LRFROA = =9, FEHE 3l Aoyy} 22 drigo] sfjEzo
2 Agste 7 a4 HAHY WsE s A 27 2 dukdow Hrte
o},

o O = (1p)DO) = () (DW) £ (7,)(P) "
BEFAZEHANN C = ¢, 0,0 R, 21 (2.8)
AERAGENM C = f, 21 (2.9

7|1, C: 352359 (Capacity)
¢, : “&ElAI5(Condition Factor)
¢, + NEAGSystem Factor),
¢ : LRED A 8] A &A1
R, . FAS FAAGZ=

DC: 7= ZHQ} wago] 1S F

N
k=l
o
_O‘l
ofy

S
o
o
of
-
_0|L
ofy

=21 -
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ol
ol
rr

A71A, Adsge sidste Cole AAAALY AFA T FEiA T,
(Condition Factor)2} Al 2Bl A ¢, (System Factor)E 1L&3tal lom FEjA =
Table 2.3.49F #Zo] A&sta At o714 NBI e} A5 (Condition Rating)= ]|
=9 =7t &3] A Al(NBI-Nation Bridge Inventory)oll Al FE3st= FZ25FA] <
FENA R Table 2.35°] YEFHSITH Table 2345 =33l AASHTO LRFR
2 o= 7|EY 4EF AFE L83 Tabled W& dA9 YuE FA 8]

o5ho] Wol2 1Hiz et

Table 2.3.4 Condition Factor

Condition Description NBI Condition Rating ?.
Good or Satisfactory 6 or higher 1.00
Fair 5 0.95
Poor 4 or lower 0.85

Table 2.3.5 NBI Condition Rating

Condition Ratings : Deck, Superstructure, Substructure

Code Description

N Not Applicable

Excellent Condition

Very Good Condition

Good Condition

Satisfactory Condition

Fair Condition

Poor Condition

Serious Condition

Critical Condition
“Imminent” Failure Condition

O | = | DND| W | kx| O] O] )|

Failed Condition

-22 -
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NzRASE mde] RAME A%sy] HiE TEAZ AFHRZ oF

Hked 3tz 93k Algrol ™, Table 2.3.63 o] A3t At

Table 2.3.6 System Factor

Superstructure Type o}

Welded Members in Two Girder/Truss/Arch Bridges 0.85
Riveted Members in Two Girder/Truss/Arch Bridges 0.90
Multiple Eyebar Members in Truss Bridges 0.90

Three Girder Bridges with Girder Spacing < 6ft 0.85

Four Girder Bridges with Girder Spacing < A4ft 0.95

All Other Girder Bridges and Slab Bridges 1.00
Floorbeams with Spacing > 12ft, and Non-Continuous Stringers 0.85
Redundant Stringer Subsystems Between Floorbeams 1.00

2) 4

dEAA = ?Eﬁ]*&oﬂ o3k o]&4 WstH S okl old wet Ao F
< Adsts A5 AA AEA oste] AAlE =FuFdFe FFrrt THA
ol dasH e A7t AT wet A= AT, o
SHAFAIE ol &ste] AA wEel AT ALAL TRl TAE= Ao
Sl ot ARE BAEATE aHsts Weky Br7PHe ARgskal ok

[e)
3 RAAFE Z&3ty A aF] g e 4] (2.10)0] ol 4" 78
Wetge] 2t RAASE BEsta 4 1)F Lol FgUstE e HAAT
P=AAsFx f“;fd 21 (2.10)
l
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P'=PXxX K, XK X K XK 2] 2.1D)

A71M, K, : 718 BRAFCES 38 7od, =4 5
K, . =HdE 2AA40.85~1.0)

A
o

K, . SHRAAT(= ey [en=)
K, : 5dH BASFG= K, < K,,)
K, : 3% E22A51.0~22)
K, : aEA 7 BEA51.0~2.0)
P 7125
P’ F&WsE

@ 3

ZagEne] Watde Agss 45 AgEm, A4 FeFel e 2w
E Aol H97 FAELS 4 (212)% 2T

21 (2.12)

A7NA, 7+ ARSI hF Aol Wuha) e
£ =S gk ALLE 9 u]
M, ATle] Ho] tjd APH e
M, @A TASE g3 Yrae
M AAGEF U YRAE

AsHA B DA
ANEE AAH 79

99| H(th)E Ao

§2
rlo
o,

90

Al

r[r

[E 142 3o kdE r& A3t A

LRAZH A W) B AL

1

rr
rr

f
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3) Myt
(D OHBDC(Ontario Highway Bridge Design Code)

=l 7IEelyd AASHTO LRFR 37 = Tr2A Z12ushEe /ide A
shAl @ s B3 ety FrbAsE adE HEsty, sl I
SR wFY AA Aee Brhsh] oyt wdsts A4 AstAde B
ety B7hE st 2 s wEe] HE&3dt. OHBDCOA = =33
el s @A, AR RA Ol el sl A Wty BrtE w3t 7
A el thE W8 & A

Mo = ALkd Wete AF= Scale-down Factor(F) = FHE™ nee] F
Foll whel 4 (2.13) ~ 2 (217)74A 27 & A& AHEST

Ry

F= 7 21(2.13)
P,

F= 7 21 (2.14)

2} (2.15)

21 (2.16)
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Ly
21 (2.17)

Forzol oI & Ste A

ol7|A], F : Scale-down factor
Ly : N@stgol ol Hd stgadt

21 (213)> ZAYE Sl uiFol| AREStaL, 4 (2.14)& A =xobA], 4] (2.15)+=
wdl, 71F, 4, A (216) 4o THAE AL hE wFel AHEITE E=3F

AFANGE B Wakd Borel A A 21)F Agshel FE AEAT

(@ CHBDC(Canadian Highway Bridge Design Code)
wFel ety e FRAAREN, ASA AL, W75 (Mean
Load Method) 5 3tU= Fdstes At Utk hFE2 a4 (2.18)
3 o] FFAA el T BAE AEIH, A3
o

LI WA 2] (217)S AH&ska A

32
ind
("
i
(@)
I
o
W)
(@]
'S

_ ok~ Eifli;) 24 4 218)
A7IM, R A%kl M45A He FAANRYE
D AZrol Mg5A e 1AsFaT
L A%grol AeuA) g Balzast
A F3% Fe)m, Az5E, LEws 9 ka1 9)e) RaR
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g2 A4 A 47 AASHTO
LRFRY] }‘]'Eﬂﬂl*r"ﬂ & HL Zoltt.

] &2 Al +(Resistance Adjustment Factor) U+ AUzl b= 377 =3
ZAAA LS A5 HEZ old3 HrIYe s vtgE BExje] AR
2= AdolH, Table 23.73% o] A3t 9ot

Table 2.3.7 Resistance Adjustment Factor

Reinforced Concrete

Bending Moment

< 0.4p, 1.06

0.4p, < p < 0.7p, 0.99
Axial Compression 111
Shear ( > min. stirrups) 0.94
Shear ( < min. stirrups) 0.82

Prestressed Concrete

Bending Moment
w, < 0.15 1.01

p

0.15 < w, < 0.30 0.94

AASHTO LRFRe] Al 2=HIA 9} -2 A7t 2] (2.18)9dl= 1S4, CHBDCe
Me FERA e Ex AFSrr FEIHD SFAF7E G2A Ho 24 (2.18)
of tidste FERNAMOE AT A Zho oln W H ota B F Q)
=3
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233 U3y B7 WhEe 1F
WFS dASE AAG WstE S Hriste FAFoA 7R ol2L FYg )

4 & gtk 2eEu AAS Bk F8% @ 744 ShelA Felst Ak

AANAE ARG AT AFE AYsta, AHEAEH WTdSs aelste, 7t
A &-8H(Value Engineering) & olA o U2 7|53 7IAF s 1T + Ut
A 52 27MEE FASIE s, AATA ] B0 Hxd Afde
04 A5 S HAE ZxE A= Fstth AR 385U
o] Waty HUtolA bdSFoln Red Hrir|Ed A3l T akF Alg, B
F 2 B e A g2 dAG v B AEE E4s Y9 F
ATk wetA Wy Hrhe] ke kg, AAA 2 AEE F%E #E 3

Zo)o] Azl Frhel A WY B s TR FaaA gl |
st Wb dARG de BE AHEE A9t A H§SH AR
g BANOE 5888 e AR AAZ Ag4ol 7 Hug
G, lede] WAt AE sukel Hobw was ke gty Bk Eel o
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Y
i
e
o,
N
N
N
AN
o
Jo
>
e
=
oL

[o
A

S A YA ST AGAFH - A
2to]Z ®eIth &, v AASHTO LRFRS HAIZG=
A, Fryoly 7iuthe] CHBDC, OHBDC & <lAl= A

el Wete BrPTH e dA7HA S 58S HEAMASD)H G2
HUSD)E °l&3 sty HrhgH e Abgstal oy, =)o AXxTtelA s
AGEH IR e sts-ARATHEIIH B AHE o] Z]Htetal glow, i
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Fig. 2.3.1 Flow Chart of Reliability-Based Load-Carrying-Capacity Rating

FUe ASE A7 NN BANHAA RS SUSL @A FHolE 2
¥ 2 o] oe drel o] Fus AL Yo

W, @REZIANAE AAAoR AHE AN FAAH F7h AAE@HL
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(1) =l ==& oF 3200009709 E2meFe] glon, ol
do] e AR wEFololm oF 29%9] 9,400 /) 9]

. o] ANdEt
Aol A AR 1, 2% ANEEY 7R FHE o2 EHUT

(2) AEFAEH F AAFAIF T& Tt FUHA A} HEHE
@/\lsﬂ%fs}% 2% ANAE RO AIEHE IF FolM nH FH=E
BEHetd A AAYa(STB)Z; 40%E 74 ®a PSC 18 Y m(PSCI)
36%, PSC ¥ AH L #(PSCB)°] 6% EE 2kAsta o, A% 500mo]
del 1T A=l si-EHs L@ @244 STB, PSCB, PSCI9| =0 =
e T

(3) A, = st HrpIHe S EwS e} St Adokd F oA Al A
3 AREAH gAY FESHAYASD)T ZEAAWUSD)Y <HE &

N £ AF AYEH WS ASFHT ATk AT UAVIEC] BAY
BaANOR AYAAA A= AAue] FpHe) e A7t AW Fol
glom, o AdFe R YA AHE sute] FU iUy B
AAE A gsa Y Ao =AU

4) = =2x AA7|FE] A
2, 7€ wge] AAAHola &
oAM= A GEH S AFF=et Al
g 7o g dddTh

el EAHE(LSD) = 7IHIe =2 7HX4E]°4£E
ARl FARYE fsted Wsky Frtel Q
Fx 7bke] Wsty Hrhe] a4 Qﬂ]
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3.2 71&n %] AsAE

3.2.1 tduFe e
Wty Wkl UG =
b ol ety Wrh A4 HAmBlA 713 B WFS AT Y Zut

sAGme UF AUMAAG @ 277 RAAE FRshe] BAje)

T ® 78T B A%m) 2 (m) AH EA) ToHEE
Bridge A 56+35+62+50+45=248 9.3 2 2001
Bridge B 2@50+60+2@50=260 20.5 3 2001
Bridge C 49+3@50+35=234 20.0 3 1997
Bridge D 25+2@70+55=250 16.5 3 2006
Bridge E 63+70+63=196 10.9 2 2012

9.300
400 8.500 400

i i
: 1 % ASCON (T=50M/M) j
n -1
Go

1.150 | 2.000 | 3.000 | 2000 | 1.150
' ' 9.300 i )

| 2.400~2.850 150 950 ,

Fig. 3.2.1 Typical Section of Bridge A
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20.500

500 ‘ 4.000 , 3.500 | j.000 | 3.500 , 4.000 ‘ 50(
‘1 .250‘ 5130 ‘ Lscrn ‘ ‘1 .250‘
& OF RDAD
I 2% 2% [
TU T 17 TTyoe TT 101
L\ l | l /L .
— i = 0
—_ L L ~
10 é 11 _a
2.100 | 2300 | 4.850 | 2200 | 4.850 | 2300 | 2.100
T T T T T T
20.500
Fig. 3.2.2 Typical Section of Bridge B
20.000
4.000 15.715 285
450  3.500 00 4@3.600=14.400 815pB5
l I
- =) o| 5
i, L 2 =
% : L L rrTTTrTT _“-“Lg
o LI
2 I - I A
G1 I G3 2
) \ \ | | 1 1 | | —
h.100)  2.800 | 4.700 | 2800 | 4.700 | 2.800 }1.095
19.995
Fig. 3.2.3 Typical Section of Bridge C
16.500
500 2@3.500=7.000 250, 2@3.500=7.000 500
i [P 0
7 [ " [
b .-'_g_ m |
*f LI UL T T T T
=1
S
z @ | @ 1] @
?
o 1 1
1 1 1

1.050

2.800

| 3.000 | 280 |  3.000 |

2.800

1.050

16.500

Fig. 3.2.4 Typical Section of Bridge D
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1) Bridge A A A ASIA Y

Bridge A& 5743 d&u=E FA450o] o
ZAzrolyt, wwF 3t JTEER T A4 SAIANA AsHAE
o A ASAE FA A o] AFtel] HE3F AAAFAFY stFA = Fig.
3.2.6°1 eI oH, At A e] HF-SH-S Table 3.2.200 2|3ttt

ARl k] MR} FAHAY HA SHPIE 12822 YEoeH, s
AR B FHEI= 13672 FAHHUT

248.150

56.113 35.000 62.000 50.000 45.037
| |
| - 1
T zom | i i i i i
(@ Longitudinal Section
1 9.300 i 9.300
‘ 750, 7.750 | ‘ 750, 7.000 750, ‘
il Lot | \ feez) | ff
| - | —
LE —
Go) @

(b) Cross Section
Fig. 3.2.6 Static Load Cases of Bridge A

Table 3.2.2 Deflection Response of Bridge A

At st 5 AZHAmm) | AAAAmm) | -SEHI(EE)AX][EH X))
LCl 4114 5.736 1.394
G LC2 9.145 13.665 1.494
LCl 6.129 7.855 1.282
G LC2 10,527 13.645 1.296
et 1.367
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(Unit - mm) S.ESMPB(%}%E?) (Unit : mm) 1 QSMPB(OJ Jct)})
8 / ' K
~ | [02)
2
3| olu oy |® i
| 8|k S| *ogm Al
o |4 = | o - 3 | ko
= | i D 1)
£ = KUl Tl =
— - e
16.38MPa(2 &) 7.86MPa(2 =)
(@ Gc (+)Moment Section (b) Gc (-)Moment Section

Fig. 3.2.7 Neutral Axis of Girder in Bridge A

2) Bridge B A& A 3tA1 &

Bridge B& 5733 d&nE FA4FH0] lon, APdo|2s T4 HU
Azroly, nTF M AP Fo AAg SHINA A E S
o AA ASAE G A o] AT 83 FJHASAF ] dF A9+ Fig.
3.2.8° YEIfom, A5t X A F-SH-S Table 3.2.3°] Al th

, 260,000 , 20,500
\ 50.000 , 50.000 , 60.000 , 50.000 _ 50.000 | | 1750 3.500 _ 3.500 1000 1850 2950 1.8502 mmﬂ%
Fu.ooo I o I R f ca [ 0

M ) L.C 3| SAxH3t [Lc 2

=T 7 o
@%

ALl Libdd RN

19

(@) Longitudinal Section (b) Cross section

Fig. 3.2.8 Static Load Cases of Bridge B
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Table 3.2.3 Deflection Response of Bridge B

AY 35735 AZAAmm) | A -Amm) | -SERI(EEA R /[ZH X))
LC2 1.50 2.223 1.482
G2Ax=) LC3 1.80 2.380 1.322
LC4 3.25 4.603 1.416
LC2 2.22 3511 1.582
G3($2) LC3 1.69 2.277 1.347
LC4 3.90 5.787 1.484
LC2 2.53 3.980 1.573
G3(#=2) LC3 1.63 2.236 1.372
LC4 441 6.214 1.409
Bt 1.443
Ao st s xep FFX 9 HA SHHIE 13222 4 EGeH, T
A9 H SHEHEIE= 144302 B E QT
THS HudAE RERUERS ZHARI} FFste G2, G39 HRWE
FolA ZAg AP ES o83t A, sHF ZA:A L $H S AL HEF F
HE YXE FAHAL o)F o8 FHEEF vlaste Fig. 3.2.90] YJEAL
H, 453 FYPFo] o] FHFEG AR HAET e AR YERT
Unit = mm 1.18MPa(2=) Wnit : mm 1.05MPa(2t=)
2 ______Z _____ ol I A
% ® I:JE < | % 2| o o
ik I 5l
2 5 ML
6.46MPa (21 %) - 10 5aMPaEIE) —

(@ G2 (+)Moment Section

Coll

ecti

on

Fig. 3.2.9 Neutral Axis of Girder

@ Kmou

(b) G3 (+)Moment Section
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3) Bridge C H & A|3}A &

Bridge C= 5% &K= FAE flom, Axtdolst wwF s sk
o 5L n#dte] A 42 Ao E ASAFE L AASAT. DA AsAF
g 4 o] Aol A& FAAFAP stFA -+ Fig. 3.2.1000 HEIHA
o, A2 HH-SHS Table 3.2.491 Felsth

Aol diste] X2} SAHX HA FHEYE 11422 AHFHAoH, T
A9 He FHEEIE= 1.2430F EAE T

240.000
49.880 . 50.000 50.000 50.000 39.770 350
25.000 . 25.000
C —
.”7 . H =
3 A . =
=

(@) Longitudinal Section

19.995

19.995
16.045 .3.500 45D 16.045 . 3.500 450
280 1.850 1.850 | N 250 7.250 1.850_ 1.850, ] X
U EU RN
I i T [ea) ™" ics

(b) Cross Section
Fig. 3.2.10 Static Load Cases of Bridge C
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Table 3.2.4 Deflection Response of Bridge C

A 4 | AFA-Amm) | AHA-Hmm) | SHEHHEIEAAFGA)
LC1 2.68 3.082 1.150
LC2 2.03 2.495 1.229
G3 LC3 457 5.577 1.220
LC4 1.33 1753 1.318
LC5 2.20 3.026 1.375
LC2 1.46 1.667 1142
LC3 2.64 3.148 1.192
G2 LC4 1.56 1.875 1.202
LC5 1.42 1.862 1311
LC6 2.90 3.737 1.289
Bt 1.243
st AR ARAER AN ZAHI HPEF A w7 P4fIA o Frl
ERAM ZAH3 HYPES ol &sty 9SAH G39 4, st ZWA9 H<&

N ¥ <l 1
0 " 0
8| = | K B |7 a
0 o)) — | ml [to] o il
| Su|Ho 2 | 4o NI o |
o8 o | o 3 | Ko
z =) < -
- e
13.39MPa (9! =) i 4. 15MPa(gHs) -
(@ G3 (+)Moment Section (b) G3 (-)Moment Section

Fig. 3.2.11 Neutral Axis of Girder in Bridge C
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Bridge D+ 471t dA&u=
25 WA E AsAAE

A el thste] 3

T = e

= Fig. 3.2.120] YERRA

Table 3.2.59] A3ttt

R
& ANSAT AA AR AN o] Ao

o,

AzH0)7} 3 A3
.l

1479 24A2] HA LRAE 120002 4

Ashg1x o] A

A= o, s
F Ao B FHEHIE= 121282 EAHA
250.000
160 54.840 70.000 70.000 54.840 160
35.000 35.000
1]
% H u
2 s) s) ®7) (Pe)
(@) Longitudinal Section
16.500 16.500 )
500 9.950 1.850  1.850500 500 9.525 1.850,  1.850 50
{ 1{.25? qOP | ] 1|.25? 1].02
& &

(b) Cross Section of L.C 1, 2

16.500 16.500
%}2 050 2.050, 9.850 500 500 2.050, 2.050, 9.435 500
oo ] [ e

(c) Cross Section of L.C 6, 7

Fig. 3.2.12 Static Load Cases of Bridge D
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Table 3.2.5 Deflection Response of Bridge D

Ad Elaas AZAAMm) | HHAmMm) | -SEBI(EENA X /SHA])
Gl LC6 10.357 12.487 1.206
LC7 10.112 12.242 1.211
LC1 8.154 9.804 1.202
- LC2 8.018 9.851 1.229
LC6 8.019 9.807 1.223
LC7 8.209 9.854 1.200
LC1 10.303 12.480 1.211
G LC2 10.083 12.235 1.213
0 1.212
FFAA A ARMERA ZHG AP EF AF w7 P59 o] Ful
ERA AT HIFES ol &5ty FAH G39 4, st FWA Y FHS
g8t AS FHS XS FAHSAH olF olE FHSH vt Fig
32139 Yetglor, A= FyFo] olE FHFET FFd fAstn 9
= ASE YERET
0.90MPa(2I&)
2.94MPa (&%) g X
%— — 7— T 1 - .
ir,“ o iu o

Coll

20.58MPa(QIF)

(@ G3 (+)Moment Section

- 2.46MPal(g

[%)

(b) G3 (-)Moment Section

(D
)

I,__

Fig. 3.2.13 Neutral Axis of Girder in Bridge D
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5) Bridge E A A A|3IAI S

™,
ol
©

Bridge Ex= 3743t d&nE T4 glor, Aztdo|rt 74 %!
o s AsAEES AASIATE A AR HAAA o] ATl H
AAASAE O F4 = Fig. 3.2.149 VEFAY W, AeIA I HAS
Table 3.2.6°1 A 2]3} AT}

Lo

AR et A SAHX e HA SHHI= 11860 F A EAOH, 3
o X9 HF TEHE 129008 EAFHATH
195.794
105 62.793 70.140 62.652
35.070 35.070
=

v

(@) Longitudinal Section (b) Cross section
Fig. 3.2.14 Static Load Cases of Bridge E

e i:H=|

Table 3.2.6 Deflection Response of Bridge E

14 e85 | AFAAmm) | HAAHmMm) | SHEHPIESHAA/SHA)
LC4 4.930 6.598 1.338
o LC5 8.010 9.502 1.186
LC4 6.916 9.197 1.330
o LC5 5.028 6.562 1.305
B 1.290

= A5 FYPE AAE FAFAT olF ol FHFH nast]
Fig. 3.2.150) JERlom, 428 ZYFo] o2 FUFRT R X3ty
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=t
0.24MPa(=) 3 X
o PR ] 1
- X - 0 T &
o |l [ - < | _ !
S 3o o |ml N Efé o |
N ol | S | Ko o i — | Ko
| o | ot o | I
- =) < &)
10.92MPa(2I ) } 1.66MPa(2 =)
(@ G2 (+)Moment Section (b) G2 (-)Moment Section

Fig. 3.2.15 Neutral Axis of Girder in Bridge E

6) s AA Pl 2t A/FF T HrF A
AER FHT 57 wFY FHASAIFAA AlFatFe] FAHLE HILE
SA3stal o] ©o]&-3le| FFT(Fast Fourier

Transform)i-4-& 33} AE=Z A 1 3} RE 18 ESE
=43 AFE Table 3.27°] AEst4th Fig 3.2.1691= Bridge Do W54 &

Mol dellE Gehpc

Table 3.2.7 Natural Frequency by Dynamic Load Test

. Az 99 A5 (H) 2
12 27422 24|34 24|44 23|54 24|63 24|77 &4 | LALeHH)
Bridge A | 1.953 2.002 1.831 1.953 | 2.051 1.958
Bridge B | 2.783 2.783 2.783 2.783 2.7183 | 2.783 | 2.783 2.783
Bridge C | 2.197 | 2197 | 2.148 2197 | 2197 | 2197 | 2197 2.197
Bridge D | 1.318 1.318 1.318 1.318 1.318 1.270 1.318 1.318
Bridge E | 1.367 1.318 1.318 1.318 1.318 1.318 1.318 1.318
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1.651
1.655
1.969
1.132
1.107

(Hz)

Table 3.2.8 Frequency Ratio of Sample Bridges

(Hz)
1.958
2.783
2.197
1.318
1.318

Bridge A
Bridge B
Bridge C
Bridge D
Bridge E
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8 TSN WAL ANAY A2

FENY BANA AL AT AFS A5kl 328N ASAY A
BHE AED 570 mwFel thstel AN =B FHSHT 1 ARE e 2
Eul

a5, RRUEZL WASE AN AL BE BAYES PAGL 2
e W B2Y RET AR FAGHE AT

AEWHERE F8Z A HA Fo] FastA 1HHNeEZE HEE A
e, BRAER dHoA HZut 133 Casele] A9 B HA Z&
13 Case22] 759 it A73AS v|laste] Table 3.3.19] YEM|OH, %

_?4
T A%l B8] of 15W s7tste Ae & 4 Ut

ojg} o] Y H HA F YR WE FERHER ATH 9 %7“301 =
7V AS, FAE kol o3 JREE WH3lE Table 3.3.20] =391,
A AANFEE B ASHP AL BlAE Table 333, 4 AsAES 5
A= 8435520 vl Table 3.3.40] 235190

IS dH2x 2HE [ (mm?) .
e Ratio
- _ Casel Case2 (= Case2 | Casel)
(H29 1 A) (EHB AZ 18A)
ATA - F (MP49) 2.014x 10" 3.005x 10" 1.492
A2A A E (MP50) 2.352x 101 3.604 x 10" 1.532
A3A A (MP51) 2.830x 10" 4.193x 10" 1.482
A4AHHE (MP52) 1.782x 10" 2.716 x 101 1.524
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RFF RERER PR Fhe =
WAog Zye] Ax FRAERE 33%AE FAGe] F/stn A 2ol
Fopxl HRAERE 35%HE BA o] Fopdl Aoz vhehykh
ol#]gt WSl TR A we ZIZE FYHE FET A= 31
T A5 AAFQ] st WMIE = 7 Ao, s == VR WY
shg 44e 9% RAHe) WSy B § Yee v
Table 3.3.2 Live Load Bending Moment of Girder After Composition
= FeHE M (kN-m) Ratio
Casel Case? Case? | Casel Average
Al 1 73k 6312.3 5973.0 0.946
ArwEeR | A 3 A3t 5581.6 5532.1 0.991 0.965
(HMoment | A 4 Azt 4088.7 3860.1 0.944
Al 5 Az 4586.0 4493.7 0.980
Al AH -5530.9 -5782.1 1.045
prmEeR | A 2 AH -6029.6 -6408.1 1.063 1033
(-Moment | #) 3 A3 -7112.6 -7175.2 1.009
Al 4 AH- -5142.2 -5220.2 1.015
F) ARPEo|7t Aot ARRETL ZA WA= Al 2 743te] Aule AR
Table 3.3.3 Deflection Response of Composite Girder
A Z=2]7 Casel Case2
A | dAF B -
(mm) 3242} % (mm) SEH 344 %) % (mm) SEH
LC1 4.114 6.578 1.599 5.736 1.394
G LC2 9.145 15.379 1.682 13.665 1.494
LC1 6.129 8.710 1.421 7.855 1.282
G LC2 10.527 15.353 1.458 13.645 1.296
B 1.540 1.367
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Table 3.3.4 1st. Mode Frequency of Bridge After Composition

. AZ= BYAES Casel Case?
(Hz) A ASFH) | ewy | ASSH)| o)
Bridge A 1.918 1.520 1.262 1.651 1.162
) A5 sgn) = (A= %5/ A A5 2 44
Table 3.3.394 A3tAI el o3t A=A} HluA BREHAER ZIYE &
HPEE FAY A= X He] A Yty Ht ‘%%‘%Hﬂlﬂ 1.5400. 2
H7IE oy, FrdeER FZI3E E£YPEE THA A= 4 XFo] A4S

Table 33494 = A gd3sF 1.918Hzet A + 271A 2Eo F
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Table 3.3.5 Moment of Inertia of Composite Girder with Barrier

2 Case A Case B Case C
Iy (10" mm") | Iz (x10" mm") |Ratio(=ls /1) | Ic (x10" mm") | Ratio(=l / I»)
B TR 3.136 3.995 1.274 4157 1.326
A5 3.278 4.036 1.231 4.184 1.276
BB TR 4.392 4.903 1.116 5.058 1.152
A5 5.757 6.412 1.114 6.641 1.154
B C TR 4.023 4.348 1.081 4501 1.119
A5 5.630 6.018 1.069 6.227 1.106
BrD TR 3.164 4122 1.303 4318 1.365
A5 8.505 10.697 1.258 11.119 1.307
BrE TR 3.917 4795 1.224 4971 1.269
A5 7.717 9.042 1172 9.377 1.215
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Table 3.3.6 Live Load Bending Moment of Girder with Barrier

2 Case A Case B Case C
My (kN-m) | Mg (kKN-m) |Ratio(=Mz/My)| Mc (kN-m) |Ratio(=Mc /MI»)
BrA Z | Y 5973.00 6025.78 1.009 6035.72 1.011
AY | A48 -5782.09 -5765.08 0.997 -5763.53 0.997
BB Z | Y 7342.78 7422.78 1.011 7426.24 1.011
AY | AR -8132.14 -8220.04 1.011 -8247.52 1.014
BrC Z | Y 5211.59 5415.73 1.039 5456.50 1.047
AY | AR -6909.70 -7018.42 1.016 -7039.72 1.019
Z | Y 6603.18 7337.81 1111 7371.532 1.116
D AY | A-5 | -10667.10 -11260.30 1.056 -11306.16 1.060
Y= | s 6113.53 5047.37 0.826 5024.23 0.822
AY | AR -9217.74 -8151.39 0.884 -8137.20 0.883
BrE Z | Y 9613.20 10204.20 1.061 10365.32 1.078
A | ™R | -12360.72 -12711.41 1.028 -12790.51 1.035
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Table 3.3.7 Deflection Response of Composite Girder with Barrier — Bridge A

e | A= Case A Case B Case C
F2 | 22| A4 ocur | VA [ gy | A8 [ | PE
mm) | (mm) | " (mm) | °°" mm | °" | %
LCI1 4114 5.736 1.394 4.573 1.112 4.413 1.073 | 0.53
G LC2 9.145 13665 | 1494 | 11.249 | 1230 | 10914 | 1193 | 3.74
Br.A LCI | 6.129 7.855 1282 | 6.613 1.079 | 6.440 1.051 | 0.26
G LC2 | 10527 | 13645 | 1.296 | 11.230 | 1.067 | 10.895 | 1..035 | 0.12
Bt 1.367 1122 1.088 | 1.16
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Table 3.3.8° % E]%+ Bridge B2 7
RO R 7}AE Case A= H+ AA &
o] P EHRE THT Case BY HF SHHE 13382 7

Bridge B -7 w & 7ol - |
TFRAAA FEEY st WEE Ao HA&stdoy, HSEES 74
st Ao A S il

227 BAE Ao
et S H87E 1000 7RRA AR A
st Zlo] AAl F2EY AFd 23E & dvhe AFS wgho] gloh

Table 3.3.8 Deflection Response of Composite Girder with Barrier — Bridge B

} Sz g_j Case A Case B Case C
R e
LC2 1.50 2223 | 1482 | 2043 | 1362 | 1990 | 1.327 | 10.67
ZGi LC3 1.80 2380 | 1322 | 2217 | 1232 | 2169 | 1205 | 4.20
) LC4 3.25 4603 | 1416 | 4259 | 1310 | 4158 | 1.279 | 7.81
LC2 2.22 3511 | 1582 | 3272 | 1474 | 3204 | 1443 | 19.65
OG i_ LC3 1.69 2.277 1.347 2.102 1.244 2.051 1.214 | 4.56
BB LC4 3.90 5787 | 1484 | 5373 | 1378 | 5254 | 1.347 | 12.05
LC2 2.53 3980 | 1573 | 3719 | 1470 | 3645 | 1.441 | 19.42
ZG;_ LC3 1.63 2236 | 1372 | 2056 | 1261 | 2.003 | 1229 | 5.24
) LC4 4.41 6.214 | 1409 | 5773 | 1309 | 5.647 | 1280 | 7.87
Bt 1.443 1.338 1.307 | 10.16

- 62 -
Collection @ kmou



Table 3.3.9 Deflection Response of Composite Girder with Barrier — Bridge C

Faz A5 Case A Case B Case C

orE -

TE | e | A Tasag ] TAEAR o [AHAR o [ PE
(mm) (mm) | °* (mm) | °* (mm) |°* (%)

LC1 2.68 3082 | 1150 | 2969 | 1.108 | 2915 | 1.088 | 0.77

LC2 2.03 249 | 1229 | 2398 | 1181 | 2351 | L1158 | 2.50

G3 | LC3 4.57 9.577 | 1220 | 5367 | 1174 | 5266 | 1.152 | 2.32

LC4 1.33 1753 | 1318 | 1.680 | 1263 | 1641 | 1234 | 547

LCS 2.20 3.026 | 1375 | 2.894 | 1315 | 2822 | 1283 | 7.99

Br.C LC2 1.46 1667 | 1142 | 1601 | 1097 | 1565 | 1072 | 0.52

LC3 2.64 3148 | 1192 | 3.016 | 1142 | 2944 | 1115 | 1.33

G2 | L4 1.56 1.875 | 1202 1811 | 116l | L1773 | L137 | 1.86

LCS 1.42 1862 | 1.311 | 1795 - | 1264 | 1757 | 1237 | 5.63

LC6 2.90 3737 | 1289 | 3.606 | 1.243 | 3530 | 1217 | 472

Bt 1.243 1195 1169 | 331

Table 3.3.10 Deflection Response of Composite Girder with Barrier — Bridge D

sz A5 Case A Case B Case C

orE -

TE | e | A Tasag AR | [AEAR o [ PE
(mm) (mm) | °* (mm) | °* (mm) |°* (%)

LC6 | 10.357 | 12487 | 1206 | 10.559 | 1020 | 10.272 | 0.992 | 0.01

Gl
LC7 | 10112 | 12242 | 1211 | 10333 | 1.022 | 10.048 | 0.994 | 0.00

LC1 | 81X 9.804 | 1202 | 8103 | 0994 | 7.841 | 0.962 | 0.15

- LC2 | 8018 9.851 | 1229 | 8152 | 1.017 | 7.890 | 0.984 | 0.03

Br.D LC6 | 8.019 9.807 | 1223 | 8106 | 1.011 | 7.845 | 0.978 | 0.05

LC7 | 8.209 9.854 | 1200 | 8156 | 0994 | 7.894 | 0.962 | 0.15

LC1 | 10303 | 12480 | 1.211 | 10552 | 1.024 | 10.264 | 0.996 | 0.00

LC2 | 10083 | 12235 | 1213 | 10326 | 1.024 | 10.040 | 0.996 | 0.00

B 1.212 1.013 0.983 | 0.05
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Table 3.3.11 Deflection Response of Composite Girder with Barrier — Bridge E

e | A= Case A Case B Case C
| | A4 e ey | A | g o [ A [ 0T PE
mm | mm) R @m [ mm [T @)
- LC4 | 4.930 6.598 1.338 5.728 1.162 5.404 1.096 | 0.92
LG5 | 8.010 9.502 1186 8.700 1.086 8.370 1045 | 0.20
BrE - LC4 | 6.916 9.197 1.330 8.116 1.174 7.716 1116 | 1.4
LG5 | 5.028 6.562 1.305 5.660 1.126 5.328 1.060 | 0.36
Bt 1.290 1137 1079 | 0.71

Table 3.3.99 A Elg Bridge C A% €Ay I3 AT S/ 19
st Hd A3 SEHIZF 1.243914 11692 H=F 1.00] 7HEAl RS 9
o™, Table 3.3.10 ¥ Table 3.3.11°] A 2|3 Bridge D ¥ Bridge ES] HH AHH
SHHI= 0.983~1.079% 1.00] A9 7MFa A 9o Weba= 0.996~1.0457+A]
Hsk .

Bridge C, D % E¢] 37 ¥ ¥ Bridge C= 30°8] & A4S 7R nFo
2 FxIHA 8 T AFS AT FEo tih oAUt S F e A

o2 A=, ojo wet Bf wwkel nls] FHizoz F A SHHIS PEE
Hola . skAIRt, 1.0729] HA SEHISF P 3.31%°] PE#S T34
mdo] ST A4S FEITE AS ngit.

Bridge D& EX Case AolAl 1.212~1.290019 A& Sov7t A3 I3t
SBAA S 7S J_E%?;}EE’H 1.00 7}gA F™E3sta Ja, P.EE 0.0% ~ 1.34%
2 24Ho HAAet A9 FLI} FxMH RIS FUT Ao AdHT

webd 5Ae) mFNA HAT AP A5 AP T @ o
24 AYg vimstd wFe] JFolt o] mebd thael oxE Ag 5
glovt, AAY wre] FH A BAASY FHE wejste o] AA w

[
F FaEe TA E O A AET £ ST ¢ 5 Uk
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Table 3.3.12 Frequency Response of Composite Girder with Barrier

S Case A Case B Case C
:l‘LH =25 1_]_ ST _ ~
Hy | °F Hy | °F H) | " | @

Bridge A 1.958 1.651 1.186 1.834 1.068 1.863 1.051 | 0.24

Bridge B 2.783 1.655 1.682 1.732 1.607 1.756 1.585 | 13.63

Bridge C 2.197 1.969 1116 2.018 1.089 2.044 1.075 | 0.49

Bridge D 1.318 1132 1.165 1.256 1.050 1.277 1.032 | 0.10

—

Bridge E 1.318 1.107 1.191 1.180 1117 1.212 1.088 | 0.65

F) AR sgvlsel Aua mag sl s $HH = (4% AEF ) A4 05D 2 AT

1.7 RN
o 16 B =g
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o 15
= L2 “e#es BrA
g - ® BrB
=13
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- . m
H —#— Br.E
= 10
s

0.9 T T
Case A Case B Case C

Fig. 3.3.3 Improved Response Ratio of Frequency
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Table 3.3.13 Neutral Axis of Composite Girder with Barrier

A= Case A Case B Case C
TE TRE lol23y%| SE |cle¥ux| SE |o2FY%| SE
(mm) (mm) (%) (mm) (%) (mm) %)
B A Gc 29| 20347 | 19716 | -11.9 | 19848 -25 2034.4 0.0
Gc AAHE| 19524 | 18455 5.5 2025.7 3.8 2071.2 6.1
. G2 93| 21483 | 20341 5.3 2115.9 -15 2164.2 0.7
G3 Y| 23057 | 20631 | -105 | 2170.0 5.9 2216.6 -39
BC G3 9| 22942 | 20913 8.8 2157.9 -5.9 2202.1 -4.0
G3 A H%| 22974 | 18052 | -214 | 18663 | -188 | 19168 | -16.6
5D G3 29| 22103 | 2003.2 -9.4 2263.9 2.4 2315.3 48
G3 AAE| 22436 | 2100.1 -6.4 2354.1 49 2419.6 7.8
B G2 23| 24417 | 20485 | -161 | 22281 -8.7 2293.8 -6.1
G2 A-E| 24140 | 21419 | -113 | 22004 -8.8 2256.3 -6.5
Table 3.3.13914 57 n=Fe] F 107] ©He] AZFHZF Oig o273 FH
59 =AY 23 ¥3lE AyEA QA9 371% Zy7] Zgol ARt 37 T
A Y oo FAHaAT 123 Case B/ A= THZo 7P I Ao
2 UEEa, 77 9He dAF e A EHe 2IYE AT S
= 5 W9e Case C7F A5 THFOl M 2 202 YEEY
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Fig. 3.3.4 Neutral Axis of Composite Girder in Bridge A
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Fig. 3.3.6 Neutral Axis of Composite Girder in Bridge C
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Table 3.4.1 Improved Rating Factor

9%

T ¥ v | Agn | z9w | Agw | 0F
Casel JAAR ZIATE F-A| 2.861 2.067 2.491 1.742 -
Case2| <IAF ZIYE 117 2.861 2.340 2.491 1.983 -
Case3| Case2 + XA =7} 2.885 2.360 2.513 2.001 -
Br.A | Case4 | Case3 + €AE It 1 | 3.242 2.669 2.862 2.226 -
Ry = Case2 / Casel 1.000 1132 1.000 1.138 1.068
Ratio Rs; = Case3d / Casel 1.008 1.142 1.009 1.149 1.077
Ry = Cased / Casel 1.133 1.291 1.149 1.278 1.213
Casel| <SIAR ZIPE A 3.070 3.204 3.588 3.987 -
Case2| <SIAFE ZIYE 117 3.070 3.546 3.588 4.353 -
Case3| Case2 + & 374]—’? =7} 3.094 3.579 3.612 4.387 -
Br.B | Case4 | Case3 + €418 A3t 119 | 3.339 3.872 3.865 4.682 -
Ry = Case2 / Casel 1.000 1.107 1.000 1.092 1.050
Ratio R3 = Case3 / Casel 1.008 1117 1.007 1.100 1.058
Ry = Cased | Casel 1.088 1.208 1.077 1174 1.137
Casel | <SIAFE ZIHYE FA 4.346 3.415 4.203 2.746
Case2| <SIAHE ZIHE 117 4.346 3.781 4.203 3.112 -
Case3| Case2 + BFRAS =7} 4.377 3.811 4.235 3.141 -
Br.C | Case4 | Case3 + €AY W3k 11 | 4.609 4.022 4.506 3.346 -
Ry = Case2 [ Casel 1.000 1.107 1.000 1.133 1.060
Ratio R3; = Case3 / Casel 1.007 1.116 1.008 1.144 1.069
R4y = Cased | Casel 1.061 1.178 1.072 1.218 1.132
Casel | <SIAFE ZIYE FA 2.115 2.850 2.813 2.814 -
Case2 | <QIFF ZIYE 11 2.115 3.098 2.813 3.053 -
Case3| Case2 + &A4AIF 571 2.135 3.125 2.836 3.079 -
Br.D |Cased | Case3 + €AY 3t 115 | 2711 3.631 3.501 3.562 -
Ry = Case2 | Casel 1.000 1.087 1.000 1.085 1.043
Ratio R3; = Case3 / Casel 1.009 1.096 1.008 1.094 1.052
Ry = Cased | Casel 1.282 1.274 1.245 1.266 1.267
Casel | <IFF ZIYE FA 1.825 2.094 2.497 - -
Case2 AAE ZHFE 1Y 1.825 2.334 2.497 - -
Case3| Case2 + &AA =7} 1.841 2.357 2.518 - -
Br.E|Case4 | Case3 + €AE Izt 1 | 2133 2.648 2.934 - -
Ry = Case2 | Casel 1.000 1115 1.000 - 1.038
Ratio R3; = Case3 / Casel 1.009 1.126 1.008 - 1.048
R4y = Cased | Casel 1.169 1.265 1175 - 1.203
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3.3.7~Table 3.3.11°A Y3
P AALHEn Wael Ustd HridA el MAASS 183 Table 3.4.19]
W& WIS vlwale] Table 3.4.29] =319t}

MAAE o Fo e AHFPSH MAHE Rt vl o RS W
T ES FEAYN TIYE BS4AT SV 1H T Case 39 WiskE /M4
H & Ry RgF 0.5 ~ -14.3%°] =AY 22K(Scale Error)E YER L 9o,
A H3re] 371 313 SF Case 49 WsHE 7/WAH] S Ry 3.5 ~ 6.4%9
AL 225 YJeERY Bridge Col ZA$ dAd dzte] 3= 1# A
2 Case 39 A-¢7F ANEHEY MR & v A T, O ¢ wFe YA
g I 7kA 183 Case 49 A7 AASHEH FAR Aow Hok

o]# 3t &S 1#3HE MOCT & KISTEC (1997, 1999)0ll A4 A ¢kgl nule} o)

SHEAAGTL L0o] FHAES 4 TR 2de TIAGT SHSYA
S7b 100 2 FREPoEE ol2ny PEe| SHRAAFE 2 gal
A on Fevside AR agsie Pyl BHREe & & deor, vy
FADANAE AUAGE DA 5 e FRSFA ] Hg wE o9} 4
3 5E R & JE BAPHe] Bastn ARG
Table 3.4.2 Ratio of Deflection Response and Rating
T & Ao AR E Wakeo dnlE
4

Br. | Girder | Case A | Case €\ Ra = g22§é Ave, Ri?se 83E (%) | Ave. Ri?se SE (%)
Br.A| G, Gp | 1367 1.088 1.256 1.077 -14.3 1.213 -3.5
Br.B| G3 1.461 1.326 1.102 1.058 -4.0 1.137 3.2
Br.C| G3 1.259 1.183 1.064 1.069 0.5 1132 6.4
Br.D | GI,G3 | 1.210 0.994 1.217 1.052 -13.6 1.267 4.1
Br.E|Gl,G2| 1.290 1.079 1.195 1.048 -12.3 1.203 0.6

Average 1.167 1.061 -8.7 1.190 2.2
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(5) AA wFe] FAFolut A wep Fold + Jou, AFHAE U=
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AAgor a#ste FRIMA RdS HA FREA FEAL, HEY
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o] ASDE H7I3t WatH5 LSDell &3 wjste o= shatsts s mAsta
2+ 3t} Table 4.1.101= A3 UistE Bt EAAI o] AFoA A=
M-S A sttt
Table 4.1.1 Improvement of Existing Load Carrying Capacity Evaluation
T % AR A ALEE
BrrApe] FHAQ xR A U B vigd HA 29
AA F2ES TFskA X3 rad 19
TEHH A | T 2o FHdAY LAY 3t A EI 7
AZA 9} oA FHEAAST | -ZAYE AP wE A=Foiot
=344 SAA Wk A&
FHZo HAE IO dh= g ure s AAEY It
AL W ZIAZES FA BAE 1HS BAATY F
wake 7k e | SEEA R | ERE wHE 2AATE 48
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E4HA TAYES] @A W3t A&
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o] AT 4= 7|Hte] LSDE ©]&3t Wty HI7ME 93t AASHTO
o] LRFROA A= Wete Hr7EHd 4 (2.7)3 =23 AH2013)00 A
AAE Wty FrPHel A 25)F Fxsto 4 4.1)H 2 Wske BrbA s
Al Qrata A -8-Foh,

sl — YpeDC — YpyDW £ vpP
Yar Yy (LLA+ M)

at&(RF) = 214D

AZNA, ¢, o FAE FEEIE Sl e F=H S (Table 231 =)
R : ARY=
vYa, - BotE BI7HAT (Table 4.1.2 =)
Yoo s Yow > Vi » Vp - oraAlST (Table 4.1.2 =)
DC: FEFA} FA=] uHstE IF

DWW 273 dvle] 1AstE FIF

2~

o] 4= AASHTO LRFROIA 2 &35 = AFejA 59} A 2~eA <4 D NBI A
A4 Foll tig Ar)Ee] EER AAEHO YA &Th wEkA 2] (4.1)2

EZ3AH2013)9] AEARL A (25)F 7IELo® sy, D2 ®7|HY 1AHSF
S DC¢ DW=E B3ty 7|0, o]d L (2015)0 4 A A|gF vle} o] ulet
W FAYES] AYES} AxFHS 1HY A5 2-3%HE 7| EWstEo] At
T ATE AT & Jor=E LRFRI o] Q) wet IFIFoR olE
HE F AEF ATh 2 (4.1 4% AT Table 4.1.2¢0 F=31Th.

-

A4 st&3 7HA
aAstF Zets v, | T3t 2T v4,
Tpe Yow | BAAESE | S7IA e VP AA AL FsHE | 87k s
1.25 1.50 1.80 1.40 1.0 0.90 1.00
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Table 4.1.6 Status of Sample Bridges

P mge) Aoy T RS €8 " o
Br.01 56+35+62+50+45=248 2 9.3 2001 AsIAE Br.A
Br.02 57+39+48+48=192 1 5.8 2001 SUAT, S
Br.03 49+3@50+35=234 3 20.0 1997 AsA g Br.C
Br.04 2@50+60+2@50=260 3 20.5 2001 AstAE Br.B
Br.05 50+60+70=180 2 13.0 2001

Br.06 63+70+63=196 2 10.9 2012 AsIAE BrE
Br.07 63+70+63=196 2 10.4 2012

Br.08 3@70=210 3 19.3 2012

Br.09 2@50=100 3 17.9 2012

Br.10 54.5+55+54.5=164 1 7.9 2012 qUAY
Br.11 32.5+40+48+40+32.5=193 2 16.0 1991

Br.12 45+65+45=155 2 11.9 2014

Br.13 39+45+37=121 2 79 2014

Br.14 3@40=120 2 79 2014 SRR
Br.15 55+60+2@55=230 2 8.0 2006 M
Br.16 45+3@60+70+60+50=405 4 23.0 2006

Br.17 31+3@41+62.5+48.5=265 1 7.9 2006 SYAY
Br.18 50+60+2@45+2@50+45=345 1 7.5 2006 T AT
Br.19 2@50=100 4 23.5 1998

Br.20 2@42.5+2@60=205 4 25.0 1999

Br.21 2@57.5+2@60=235 4 25.0 1999

Br.22 2@45.3=90.6 5 26.8 1980 R
Br.23 45+3@50+45=240 2 12.1 1998

Br.24 30+62=92 3 14.8 2003

Br.25 2@50=100 2 12.1 2003

Br.26 40+50+40=130 2 12.6 2003

Br.27 3@50+40+35=225 1 9.0 2003 SYAT
Br.28 50+60+70+60+50=290 1 9.0 2003 @A A
Br.29 3@50+2@60+4@50=470 2 16.5 2003

Br.30 3@50+60+50=260 2 16.5 2003

Br.31 55+2@70+55=250 3 16.5 2006 AstA1E Br.D
Br.32 55+2@60+55=230 3 16.5 2006

o
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Table 4.1.7 Number of Analysis Sections

A 4= FATH (EA)
TE ael BT (EA) (+Moment (-Moment A
Br.01 56+35+62+50+45=248 2 4 4 8
Br.02 57+39+48+48=192 1 4 3 7
Br.03 49+3@50+35=234 3 4 4 8
Br.04 2@50+60+2@50=260 3 4 4 8
Br.05 50+60+70=180 2 3 2 5
Br.06 63+70+63=196 2 2 1 3
Br.07 63+70+63=196 2 2 1 3
Br.08 3@70=210 3 2 1 3
Br.09 2@50=100 3 1 1 2
Br.10 54.5+55+54.5=164 1 2 1 3
Br.11 32.5+40+48+40+32.5=193 2 3 2 5
Br.12 45+65+45=155 2 4 2 6
Br.13 39+45+37=121 2 2 1 3
Br.14 3@40=120 2 2 1 3
Br.15 55+60+2@55=230 2 4 3 7
Br.16 45+3@60+70+60+50=405 4 4 4 8
Br.17 31+3@41+62.5+48.5=265 1 2 2 4
Br.18 50+60+2@45+2@50+45=345 1 2 2 4
Br.19 2@50=100 4 2 2 4
Br.20 2@42.5+2@60=205 4 2 2 4
Br.21 2@57.5+2@60=235 4 2 2 4
Br.22 2@45.3=90.6 5 2 2 4
Br.23 45+3@50+45=240 2 2 2 4
Br.24 30+62=92 3 3 3 6
Br.25 2@50=100 2 2 2 4
Br.26 40+50+40=130 2 1 1 2
Br.27 3@50+40+35=225 1 2 2 4
Br.28 50+60+70+60+50=290 1 2 2 4
Br.29 3@50+2@60+4@50=470 2 2 2 4
Br.30 3@50+60+50=260 2 2 2 4
Br.31 55+2@70+55=250 3 4 4 8
Br.32 55+2@60+55=230 3 4 4 8
& A 83 71 154
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o] A= ASDE o] &3t WstEe]l HIiH Sle 7|E AHEATnE
LSDol 23 2 (4.1)S o] &3l Usig S xﬂﬁéﬂfﬂﬁ NS A o Hof
met 274 o2 Hrietth 2744 WS BT LSDE VIR E o, /i
AMgE A EatA @ AV SAS H/PEHS U A LsDel g W
st @rpE Aot o] AT MAAAEE AE7 IS )" LSD
of g3 Wty HrPE Aot 2714 BrF HJ?‘»‘PE—:‘. B7t A A
Aolde Flow Frpye] 28 B Apo]H2 Table 4.1.8°) sttt

rﬂ

TR A LSDel 93 Watke HrH(eldt LSD_1)'E Z3SHAAH I (08 =3
D)3 A3 A 11 (03 AFR 1)l thale] &3 AA 2 ASDel o3t Ul5te
rbe] AR AgelMet o)l IS e ZAYE wegd2 FAsha, B4
Ase ZAES AATZIEZEE o8ty sl =3 dwie A7

= 3 &Y AN dAE it avte aHshA U

HAE LsDol ©)F fate B7kelek LSD o) %S W g 3
IoAlX e FASHE, ARSI AM = st o, BdA o Hals 2714 A
A B ALtk 1 ¢ I3 A= By mE sty A 2]
B4 ABT A7e Wi vgE 9 AT U 5o 484e e %

TAAT B ST H AT 4 =l) el B=
1yt GA FELEHE T7IEoR ke AMR oA JIRe e vigEe
THHEE AHE, 84 5 AU HFPLE A 2= Ao AU
Table 4.1.8 Application by Evaluation Method
B7hEH ASD LSD_1 i =) LSD_2 UNAd %)
ALH AR =31 ARE-11 =31 ARE-11
S W g A A A A iy
TAYNE AT | AAAE | AARE | AARE A e A e
AP E=AT 0.95
A Y FraH A A A &A1+ 0.95 A
g3 74 0.9
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42 7 A LsDel o3 ste W7k 8 B

AR A LSD 19 Wi o g Ystss 4l
oFsto] Table 4.2.1 &3t ASDE 713k

yah&o H#-S 3.037, LSD 12
43572 e O™, oF 1435119 WstE F7F HAStE AR YER I
DEFE Hd WSS v Fig 42194 %
% 32719 wFE Wsts H7PE AT Table 4.2.2¢0 53t

ol= &

732@:& _§1].o ) _/[: o)

1

U

= AR

Table 4.2.1 Summary of RFs at (+)Moment Compact Section by ASD and LSD_1

2 on = Rating _Factor (RF) _ -
Bt H&ak oz
ASD 3.037 1.441 9.551
=kl 4.357 2.332 10.884 Ag
LSD_1
ARSI 4.702 2.510 11.915
. ST AR =
Ratio (LSD_1 / ASD) 1.435 1.140 1.854 —13} o gigle] g

[ex]

Ave. Rating Factor

L O = I - I ¥ L B = B
|

Fig. 4.2.1 Comparison of Ave. RFs at (+)Moment Compact Section by ASD and LSD_1
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Table 4.2.2 List of All RFs at (+)Moment Compact Section by ASD and LSD 1

e ASD 1SD 1 =3k | 1SD 1 AH& I
T - (EA) RF ysp Bt RF s, Bt RF sy Bt
Br.01 4 2.335 ~ 4.021 | 2.927 | 3545 ~ 4872 | 4.159 | 3.807 ~ 5.201 | 4.392
Br.02 4 2415 ~ 7.211 | 4129 | 4394 ~ 8421 | 5.745 | 4.721 ~ 8979 | 6.151
Br.03 4 4.203 ~ 4.772 | 4505 | 5.660 ~ 6.596 | 6.139 | 6.075 ~ 7.066 | 6.582
Br.04 4 3.070 ~ 3.796 | 3.409 | 4.732 ~ 5325 | 4.999 | 5078 ~ 5.689 | 5.351
Br.05 3 3.808 ~ 9.551 | 5.729 | 5.663 ~ 10.884 | 7.447 | 6.237 ~ 11.915 | 8.149
Br.06 2 1825 ~ 2497 | 2.161 | 3.023 ~ 3.341 | 3.182 | 3.240 ~ 3.577 | 3.408
Br.07 2 1.880 ~ 2539 | 2.210 | 3.145 ~ 3.436 | 3.291 | 3.374 ~ 3.681 | 3.527
Br.08 2 1.953 ~ 4.089 | 3.021 | 3.620 ~ 5.028 | 4.324 | 3.882 ~ 5.374 | 4.628
Br.09 1 2.910 2.910 4.482 4.482 4.832 4.832
Br.10 2 1872 ~ 3777 | 2.825 | 3.284 ~ 4.633 | 3.959 | 3.528 ~ 4.950 | 4.239
Br.11 3 2.220 ~ 2.832 | 2524 | 3.208 ~ 3.604 | 3.427 | 3.431 ~ 3.848 | 3.662
Br.12 4 1535 ~ 3.827 | 2497 | 2.455 ~ 5230 | 3.635 | 2.654 ~ 5.610 | 3.911
Br.13 2 2.375 ~:3.187 | 2782 | 3.410 ~ 4150 | 3.780 | 3.669 ~ 4.448 | 4.059
Br.14 2 2.080 ~4.873 | 3.477 | 3.156 ~ 5.709 | 4.433 | 3.405 ~ 6.090 | 4.747
Br.15 4 2.051 ~ 3554 | 2510 | 3.182 ~ 4420 | 3.618 | 3.423 ~ 4.720 | 3.880
Br.16 4 2.325 ~ 3932 | 3.090 | 3.678 ~5.882 | 4.724 | 3.955 ~ 6.311 | 5.073
Br.17 2 2.980 ~ 5790 | 4.385 | 5524 ~ 7.974 | 6.749 | 5909 ~ 8938 | 7.423
Br.18 2 1.655 ~ 2.079 | 1.867 | 2.744 ~ 3.030 | 2.887 | 2.978 ~ 3.249 | 3.114
Br.19 2 3.073 ~ 3.100 | 3.087 | 4579 ~ 4593 | 4.585 | 4.943 ~ 4.959 | 4.951
Br.20 2 2.149 ~ 2.264 | 2.207 | 3.352 ~ 3474 | 3.413 | 3901 ~ 3.988 | 3.945
Br.21 2 1984 ~ 2089 | 2.037 | 3.310 ~ 3.533 | 3422 | 3.79 ~ 3.992 | 3.8%4
Br.22 2 3.419 ~ 3.703 | 3.561 | 4.703 ~ 4.877 | 4.790 | 5.120 ~ 5.338 | 5.229
Br.23 2 2.363 ~ 3.098 | 2731 | 3583 ~ 4150 | 3.867 | 3.836 ~ 4.434 | 4.135
Br.24 3 4817 ~ 4.973 | 4883 | 6.623 ~ 6.684 | 6.718 | 7.087 ~ 7.324 | 7.190
Br.25 2 2435 ~ 2684 | 2560 | 3.770 ~ 4163 | 3.966 | 4.049 ~ 4.468 | 4.257
Br.26 1 3.310 3.310 4.459 4.459 4.771 4.771
Br.27 2 1.454 ~ 1592 | 1.523 | 2.605 ~ 2.684 | 2.645 | 2.806 ~ 2.893 | 2.849
Br.28 2 1.441 ~ 1518 | 1480 | 2.332 ~ 2.742 | 2.537 | 2510 ~ 2.955 | 2.733
Br.29 2 1861 ~ 2081 | 1971 | 3.010 ~ 3.066 | 3.038 | 3.226 ~ 3.342 | 3.284
Br.30 2 2.336 ~ 3.526 | 2.931 | 3.240 ~ 4530 | 3.885 | 3.469 ~ 5310 | 4.389
Br.31 4 2.115 ~ 3.008 | 2.568 | 3.313 ~ 4.232 | 3.782 | 3.576 ~ 4.545 | 4.071
Br.32 4 1883 ~ 3222 | 2570 | 3.229 ~ 4311 | 3.804 | 3.491 ~ 4.622 | 4.094
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Table 4.2.13} Table 4220014 =310 o W& A& 9 WYst
o B 92.7% FELE AA UEtom, 3 o R i S AE
=319 SARE stExdol AR IS ARG ET b Folal B4F Q)
F= et B 5 Qo

AA zdado] thste] ASDol| 93 HAWsteS Br.28e| 1.441°]H, o]&
LSD 1 W o g HrlA 2.332E A E o] of 1.62HH9] H| &S Ho|x Tk 271X
BrhgH el AdelA 7Hd 22 2polE yEbd @ Br.059 WskE 9.551¢1
gdHo g 27kx W WEE H&S 114002 Yelyt & 7]E2] ASDE
S H7ie S LSD 19 2EPHoZ AYrtE dohd W 1.435H)
A% Ystgol 71 & AT 11400 A= F7tekeE @dHE S &
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=

D

%0
o

LT THolA ASDe LSD_1° o3 Wiste H7E wilel] wE AddAE
shelely] Slstel A 837) wRel i@ usty Wy Ans mweld E4al
3, Ao wakel i B A wTel Ystde HA ysiPow
Brisle2 ASDe| Hi UlshE 3.0370|5t2 UERE 257 nE, 477l ©Ho =R
T Bludte] B2 AASAT Fig 4229 (@ A 837 ©He] IR
Astolnl, (b= W Wakg o3} 47/] THe] 3|7 R4 AT o)t}

. y=l30s = 107995 + 10775 _ | y=lo7ssx+103m

_ =089~ 47 R'=0.9456 _ RE=0.743 o

110 — I

é 8 _‘/}0/‘: 0.05655% + 1.6279x ? ¢ /f;

- = R*=10.9386 2 3

: 6 3 % -,

£ 4 =4

’ i ) :{.Fb_\'AS]; ? N - ’ : R.Fb:'ASD i )
(@) Using All RFs (b) Using RFs Uder Average

Fig. 4.2.2 Regression Analysis of RFs at (+)Moment Compact Section by ASD and LSD_1
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g we] ARWER dHo] BF HZdgHel Ao 714t ASD %
M A LSD_19] WHo g Wates A on, ¥ 83/ ©Hel Wridy
Z Q9F3le] Table 4.23 =3t ASDE H713F Wt HFS 3.037,
LSD 19] W3te HFL 3.2682 UEFO™, W& H|(Ratio)e] ®MF+= 0.929 ~
1.2890]a1, H++ °F 1.0764] 9] Wal& F7i7t At AoR A HUTH

&< Hnd Fig 42304 % ol3T AFS AT
F UstS BUHAIE Table 4.2.40 +53k3Th.

(})V]\

Table 4.2.3 Summary of RFs of (+)Moment Non-Compact Section by ASD and LSD 1

Rating Factor (RF)

T & = 1 < H 1
Bt A%t Aok N
ASD 3,037 1.441 9,551
ey 3.268 1675 8.944 H4g
LSD_1
ALl 4705 2510 11,915
EENE AT
Ratio (LSD_1 / ASD) | 1076 0.929 128 | ; aﬂr;%gl N

.

[}

(%))

F
|

Ave. Rating Factor
[ 5] w

b

=]

Fig. 4.2.3 Comparison of Ave. RFs at (+)Moment Non-Compact Section by ASD and LSD 1

- 97 -

Collection @ kmou



Table 4.2.4 List of All RFs at (+)Moment Non-Compact Section by ASD and LSD 1

EEET ASD 1SD 1 23| LSD 1 AH& 11
T - (EA) RF ysp Bt RFsp Bt RFsp B+t
Br.01 4 2.335 ~ 4.021 | 2.927 | 2.610 ~ 3.855 | 3.122 | 3.807 ~ 5.201 | 4.454
Br.02 4 2415 ~ 7.211 | 4.129 | 3.063 ~ 6.699 | 4.316 | 4.721 ~ 8.979 | 6.151
Br.03 4 4.203 ~ 4772 | 4.505 | 4.307 ~ 4993 | 4.661 | 6.075 ~ 7.066 | 6.582
Br.04 4 3.070 ~ 3.796 | 3.409 | 3.441 ~ 4.007 | 3.701 | 5.078 ~ 5.689 | 5.352
Br.05 3 3.808 ~ 9.551 | 5.729 | 4.262 ~ 8.944 | 5.829 | 6.237 ~ 11.915 | 8.149
Br.06 2 1.825 ~ 2497 | 2.161 | 2.160 ~ 2551 | 2.356 | 3.240 ~ 3.577 | 3.408
Br.07 2 1.880 ~ 2539 | 2.210 | 2.240 ~ 2.613 | 2427 | 3.374 ~3.681 | 3.527
Br.08 2 1.953 ~ 4.089 | 3.021 | 2.506 ~ 3.949 | 3.228 | 3.882 ~ 5.374 | 4.628
Br.09 1 2.910 2.910 3.259 3.259 4.832 4.832
Br.10 2 1.872 ~ 3777 | 2.825 | 2.308 ~ 3.643 | 2.975 | 3.528 ~ 4.950 | 4.239
Br.11 3 2.220 ~ 2.832 | 2524 | 2.401 ~ 2.809 | 2.615 | 3.431 ~ 3.848 | 3.662
Br.12 4 1535 ~ 3.827 | 2.497 | 1.778 ~ 3.988 | 2.714 | 2.654 ~ 5.610 | 3.911
Br.13 2 2.375 ~ 3187 | 2.782 | 2.551 ~ 3.205 | 2.878 | 3.669 ~ 4.448 | 4.059
Br.14 2 2.080 ~4.873 | 3477 | 2.318 ~ 4572 | 3.445 | 3.405 ~ 6.090 | 4.747
Br.15 4 2.051 ~ 3554 | 2510 | 2.332 ~ 3469 | 2.709 | 3.423 ~ 4.720 | 3.880
Br.16 4 2.325 ~ 3.932 | 3.090 | 2.673 ~4.353 | 3471 | 3.955 ~ 6.311 | 5.073
Br.17 2 2.980 ~ 5.790 | 4.385 | 3.841 ~ 6.234 | 5.038 | 5909 ~ 8.938 | 7.423
Br.18 2 1.655 ~ 2.079 | 1.867 | 1.968 ~ 2.247 | 2.108 | 2.978 ~ 3.249 | 3.114
Br.19 2 3.073 ~ 3100 | 3.087 | 3.367 ~3.382 | 3.374 | 4.943 ~ 4.959 | 4.951
Br.20 2 2.149 ~ 2.264 | 2.207 | 2.596 ~ 2.673 | 2.634 | 3.901 ~ 3.988 | 3.945
Br.21 2 1.984 ~ 2.089 | 2.037 | 2.473 ~ 2.609 | 2541 | 3.796 ~ 3.991 | 3.894
Br.22 2 3.419 ~ 3.703 | 3.561 | 3.585 ~ 3.807 | 3.696 | 5.120 ~ 5.338 | 5.229
Br.23 2 2.363 ~ 3.098 | 2.731 | 2.644 ~ 3181 | 2913 | 3.836 ~ 4.434 | 4.135
Br.24 3 4817 ~ 4.973 | 4.883 | 4.936 ~ 5.098 | 5.007 | 7.087 ~7.324 | 7.190
Br.25 2 2.435 ~ 2.684 | 2.560 | 2.755 ~ 3.041 | 2.898 | 4.047 ~ 4.468 | 4.257
Br.26 1 3.310 3.310 3.404 3.404 4.771 4.771
Br.27 2 1454 ~ 1592 | 1.523 | 1.865 ~ 1.870 | 1.868 | 2.806 ~ 2.893 | 2.849
Br.28 2 1.441 ~ 1518 | 1.480 | 1.675 ~ 1916 | 1.796 2.510 ~2.955 2.733
Br.29 2 1.861 ~ 2081 | 1.971 | 2.213 ~ 2232 | 2.223 | 3.226 ~ 3.342 | 3.284
Br.30 2 2.336 ~ 3526 | 2.931 | 2.449 ~ 3.738 | 3.094 | 3.469 ~ 5310 | 4.389
Br.31 4 2.115 ~ 3.008 | 2.568 | 2.406 ~ 3.179 | 2.800 | 3.576 ~ 4.545 | 4.071
Br.32 4 1.883 ~ 3222 | 2570 | 2.289 ~ 3.298 | 2.817 | 3.491 ~4.622 | 4.094
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Fig. 4.2.4 Regression Analysis of RFs at (+)Moment Non-Compact Section by ASD and LSD_1
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Table 4.2.5 Summary of RFs at (-)Moment Section by ASD and LSD_1

2 om = Rating -Factor ([RF) : —
B %%k gk
ASD 2.832 1.227 8.095
=3 | 3.330 1.530 8.458 X!
LSD_1 n i
AT 5.002 2.397 12.138
. 31 AR F
Ratio (LSD_1 / ASD) 1.176 0.981 1.667 _'Z_} o 213 go _r
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Fig. 4.2.5 Comparison of Ave. RFs of (-)Moment Section by ASD and LSD_1
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Table 4.2.6 List of All RFs at (-)Moment Section by ASD and LSD_1

e ASD 1SD 1 =3k | 1SD 1 AH& I
T - (EA) RF ysp Bt RFsp Bt RFpsp Bt
Br.01 4 1742 ~ 2.067 | 1.949 | 2.158 ~ 2.434 | 2.297 | 3.264 ~ 3.609 | 3.408
Br.02 3 2.529 ~ 3.340 | 3.025 | 2.743 ~ 3.791 | 3.442 | 4.681 ~ 3.399 | 5.747
Br.03 4 2.746 ~ 4.418 | 3507 | 3.226 ~ 4593 | 3.953 | 4.895 ~ 6.724 | 5.848
Br.04 4 3.204 ~ 4.259 | 3.803 | 3.665 ~ 4544 | 4.171 | 4.430 ~ 6.500 | 6.048
Br.05 3 4,497 ~ 6.175 | 5336 | 5.261 ~ 6.533 | 5.897 | 7.821 ~ 9.286 | 8.553
Br.06 1 2.094 2.094 2.590 2.590 3.935 3.935
Br.07 1 1.890 1.890 2.378 2.378 3.648 3.648
Br.08 1 2.006 2.006 2.549 2.549 3.937 3.937
Br.09 1 2.248 2.248 2.894 2.894 4.524 4.524
Br.10 1 2.047 2.047 2.571 2.571 4.024 4.024
Br.11 2 1231 ~ 1.812 | 1522 | 1.530 ~ 2.150 | 1.840 | 2.397 ~ 3.210 | 2.804
Br.12 2 2.288 ~ 3102 | 2695 | 2.725 ~ 3616 | 3.171 | 4.069 ~ 5.338 | 4.703
Br.13 1 2.973 2.973 3.351 3.351 4.893 4.893
Br.14 1 3.553 3.553 3.909 3.909 5.702 5.702
Br.15 3 2.590 ~ 2.727 | 2.641 | 3.054 ~ 3127 | 3.083 | 4.462 ~ 4.670 | 4.555
Br.16 4 1623 ~ 2275 | 1.945 | 2.133 ~ 2945 | 2542 | 3.381 ~ 4.581 | .973
Br.17 2 4.031 ~ 7.785 | 5908 | 5.615 ~ 8458 | 7.036 | 8.832 ~ 12.138 | 10.485
Br.18 2 2.677 ~ 2755 | 2.716 | 3.127 ~ 3.297 | 3.212 | 4.586 ~ 5.000 | 4.793
Br.19 2 2.043 ~ 2110 | 2.077 | 2.677 ~ 2.800 | 2.738 | 4.256 ~ 4.460 | 4.358
Br.20 2 1536 ~ 1.562 | 1.549 | 2.191 ~ 2.286 | 2.239 | 3.510 ~ 3.674 | 3.592
Br.21 2 2.049 ~ 2.491 | 2.270 | 2.872 ~ 3.373 | 3.123 | 4.651 ~ 5337 | 4.994
Br.22 2 1227 ~ 1.656 | 1.442 | 2.045 ~ 2.261 | 2.153 | 3.456 ~ 3.538 | 3.497
Br.23 2 1319 ~ 1.688 | 1504 | 1.856 ~ 2.109 | 1.983 | 2.909 ~ 3.180 | 3.045
Br.24 3 3.008 ~ 8.095 | 5269 | 3.382 ~ 7.942 | 5371 | 4.933 ~ 11.152 | 7.631
Br.25 2 3.790 ~ 4.486 | 4.138 | 4.343 ~ 5151 | 4.747 | 6.367 ~ 7.557 | 6.962
Br.26 1 2.152 2.152 2.568 2.568 3.848 3.848
Br.27 2 1575 ~ 1774 | 1675 | 2.240 ~ 2.273 | 2.257 | 3.427 ~ 3541 | 3.484
Br.28 2 1664 ~ 1.886 | 1.775 | 2.129 ~ 2.497 | 2.313 | 3.247 ~ 3.835 | 3.541
Br.29 2 2.515 ~ 3192 | 2.854 | 2.869 ~ 3559 | 3.214 | 4.212 ~ 5172 | 4.692
Br.30 2 1958 ~ 2434 | 2.196 | 2.430 ~ 2.906 | 2.668 | 3.666 ~ 4.333 | 4.000
Br.31 4 2.814 ~ 3.393 | 3.103 | 3.235 ~ 3.925 | 3.580 | 4.800 ~ 5.826 | 5.314
Br.32 4 2.819 ~ 3.749 | 3.200 | 3.347 ~ 4.071 | 3.645 | 5.024 ~ 5.857 | 5.373
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Fig. 4.2.6 Regression Analysis of RFs at (-)Moment Section by ASD and LSD_1
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Table 4.3.1 Summary of RFs of (+)Moment Compact Section by ASD and LSD_2

2 om = Rating _Factor (RF) _ W
Bt 5k gk
ASD 3.037 1.441 9.551
=3 5.491 3.040 12.962
LSD_2
AR 11 4.740 2.532 12.003 AL
. 1 AR F
Ratio (LSD_2 / ASD) 1.561 1.254 2.006 Ao 7ol HlS

Ave. Rating Factor
O = kd W s N M =l GO W

Fig. 4.3.1 Caparison of Ave. RFs at (+)Moment Compact Section by ASD and LSD_2
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Table 4.3.2 List of All RFs at (+)Moment Compact Section by ASD and LSD 2

e ASD 1SD 2 =3k | 1SD 2 AH&II
T - (EA) RF ysp Bt RFsp Bt RFpsp Bt
Br.01 4 2.335 ~ 4.021 | 2.927 | 4585 ~ 6.109 | 5.252 | 3.840 ~ 5.243 | 4.491
Br.02 4 2415 ~ 7.211 | 4129 | 5395 ~ 10485 | 7.243 | 4.755 ~ 9.040 | 6.195
Br.03 4 4.203 ~ 4.772 | 4505 | 7.210 ~ 7.939 | 7.577 | 6.119 ~ 7.109 | 6.626
Br.04 4 3.070 ~ 3.796 | 3.409 | 5.842 ~ 6.455 | 6.114 | 5.114 ~ 5.726 | 5.387
Br.05 3 3.808 ~ 9.551 | 5.729 | 6.869 ~ 12.962 | 9.124 | 6.286 ~ 12.003 | 8.211
Br.06 2 1825 ~ 2497 | 2.161 | 3.843 ~ 4.254 | 4.048 | 3.266 ~ 3.606 | 3.436
Br.07 2 1.880 ~ 2539 | 2.210 | 4.014 ~ 4383 | 4.198 | 3.400 ~ 3.711 | 3.556
Br.08 2 1.953 ~ 4.089 | 3.021 | 4.533 ~ 6.327 | 5430 | 3.912 ~ 5.418 | 4.665
Br.09 1 2.910 2.910 5.825 5.825 4.874 4.874
Br.10 2 1872 ~ 3777 | 2.825 | 4.151 ~ 5819 | 4985 | 3.553 ~ 4.984 | 4.268
Br.11 3 2.220 ~ 2.832 | 2524 | 4.109 ~ 4539 | 4.355 | 3.451 ~ 3.871 | 3.684
Br.12 4 1535 ~ 3.827 | 2.497 | 3.203 ~ 6.676 | 4.683 | 2.681 ~ 5.660 | 3.948
Br.13 2 2.375 ~:3.187 | 2.782 | 4.388 ~ 5.266 | 4.827 | 3.704 ~ 4.488 | 4.096
Br.14 2 2.080 ~4.873 | 3.477 | 4.093 ~ 6.979 | 5.536 | 3.439 ~ 6.142 | 4.790
Br.15 4 2.051 ~ 3554 | 2510 | 4.129 ~ 5568 | 4.652 | 3.455 ~ 4.762 | 3.916
Br.16 4 2.325 ~ 3932 | 3.090 | 4.781 ~ 7588 | 6.113 | 3.989 ~ 6.362 | 5.115
Br.17 2 2.980 ~ 5790 | 4.385 | 7.041 ~ 9597 | 8319 | 5950 ~ 8.994 | 7.472
Br.18 2 1.655 ~ 2.079 | 1.867 | 3.346 ~ 3.694 | 3520 | 2.999 ~ 3.272 | 3.135
Br.19 2 3.073 ~ 3100 | 3.087 | 5.879 ~ 5893 | 5.886 | 4.978 ~ 4.995 | 4.987
Br.20 2 2.149 ~ 2.264 | 2.207 | 4.075 ~ 4.221 | 4.148 | 3.927 ~ 4.014 | 3.970
Br.21 2 1984 ~ 2089 | 2.037 | 4.044 ~ 4317 | 4.180 | 3.821 ~ 4.017 | 3.919
Br.22 2 3.419 ~ 3.703 | 3.561 | 5.648 ~ 5.836 | 5.742 | 5120 ~ 5.338 | 5.229
Br.23 2 2.363 ~ 3.098 | 2.731 | 4.620 ~ 5.235 | 4.928 | 3.862 ~ 4.463 | 4.163
Br.24 3 4817 ~ 4.973 | 4.883 | 8.465 ~ 8.751 | 8589 | 7.153 ~ 7.394 | 7.258
Br.25 2 2.435 ~ 2.684 | 2560 | 4.890 ~ 5401 | 5.146 | 4.083 ~ 4509 | 4.296
Br.26 1 3.310 3.310 5.668 5.668 4.803 4.803
Br.27 2 1454 ~ 1592 | 1523 | 3.402 ~ 3.464 | 3433 | 2.831 ~ 2.917 | 2.874
Br.28 2 1.441 ~ 1518 | 1.480 | 3.040 ~ 3.523 | 3.282 | 2.532 ~ 2.979 | 2.756
Br.29 2 1861 ~ 2081 | 1971 | 3.723 ~ 3.863 | 3.793 | 3.248 ~ 3.364 | 3.306
Br.30 2 2.336 ~ 3.526 | 2.931 | 4.076 ~ 5520 | 4.798 | 3.496 ~ 5349 | 4.423
Br.31 4 2.115 ~ 3.008 | 2.568 | 4.308 ~ 5.422 | 4.878 | 3.607 ~ 4.580 | 4.104
Br.32 4 1883 ~ 3222 | 2570 | 4.240 ~ 5486 | 4.907 | 3522 ~ 4.659 | 4.127

- 106 -

Collection @ kmou



VS|
&

2) “$THA

o

Table 4.3.17} Table 4.3.2001A =31 2 Y3t&2 A 119 o3 W3hs
o] Bt 1158% w2 AA YERTh o= /A A LSD_1EHelA 33
et S HES= 1 0] AEINETG HHZo]
W e 2y, stsFAAT 59 A48 ¢ ddxE 3
7b S3H1 9 nigkyd 7 % A el FE W AARHES o3 Ao
JARES ST7HN S EZN, ALEA e 7E A u) g dEl 7 B

Ax zdedoel] thste] 2712 H7F el o]d WSk Hi(tk)= 1.254 ~
200622 UEyom, o]= ASDE W3st&<s H7igt ©HS LSD 2WH e =4
GHo g AQFIE f‘iﬁ}ﬂd [y 1.561H A= Wstsol

) A% Frlsle 9HE S F Advhe Ag rgth. ©, LSD_19A4 A7
g nke} o] HAUsHE Y WHo] HAM S dHS onEA= Feth
LI FHolA ASDSE LSD 29 &3 Wisty H7E el wE AadAE
5tolal7] 9ste] AA 837] ©dol] thdk WakE Hrl A=S nwile B3
I, dutow wEke] HE #AHE 9 wE st HA vstEg o=
Grlste g ASDO HF Wshe 3.037018t= e 257 wE, 477 gHo g
T HuE AAE IAEAES HASATE Fig 4329 (@)= A 8374 @

o] qAtolm, (b= B Wate ol 477] VRS BAATo|T).

e N — v=1.2033x + 1.0861 §
12 ¥ =15066x ~ R?=(.9855 y =1.2434x + 0.9574

RE=05116 _~ _—— o R*=0.984
10 = 1
M§'=—0.0582x:+1.7608x 2o
8 = R2—0.9823 =
= 3
z /"
2

o 2 4 [ 2 10 12 14 o 1 2 3 4
R.Fby ASD R.Fby ASD

(@ Using All RFs (b) Using RFs Under Average
Fig. 4.3.2 Regression Analysis of RFs at (+)Moment Compact Section by ASD and LSD 2
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Table 4.3.3 Summary of RFs at (+)Moment Non-Compact Section by ASD and LSD 2

2 om . Rating ‘Fictor (RF) : -
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Fig. 4.3.3 Comparison of Ave. RFs at (+)Moment Non-Compact Section by ASD and LSD 2
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Table 4.3.4 List of All RFs at (+)Moment Non-Compact Section by ASD and LSD_2

EEET ASD 1SD 2 23| 1SD 2 AH&II
T - (EA) RF ysp Bt RFsp Bt RFsp B+t
Br.01 4 2.335 ~ 4.021 | 2.927 | 3.176 ~ 4579 | 3.772 | 3.840 ~ 5.243 | 4.490
Br.02 4 2415 ~ 7.211 | 4.129 | 3.787 ~ 7913 | 5199 | 4.755 ~ 9.040 | 6.159
Br.03 4 4203 ~ 4.772 | 4505 | 5174 ~ 6.002 | 5.601 | 6.119 ~ 7.109 | 6.626
Br.04 4 3.070 ~ 3.796 | 3.409 | 4.193 ~ 4.827 | 4.482 | 5.114 ~ 5.726 | 5.387
Br.05 3 3.808 ~ 9.551 | 5.729 | 5.189 ~ 10.577 | 6.993 | 6.286 ~ 12.003 | 8.211
Br.06 2 1.825 ~ 2497 | 2.161 | 2.650 ~ 3.065 | 2.858 | 3.266 ~ 3.606 | 3.436
Br.07 2 1.880 ~ 2539 | 2.210 | 2.751 ~ 3.144 | 2.947 | 3.400 ~ 3.711 | 3.556
Br.08 2 1.953 ~ 4.089 | 3.021 | 3.106 ~ 4.702 | 3904 | 3.912 ~ 5418 | 4.665
Br.09 1 2.910 2.910 3.982 3.982 4.874 4.874
Br.10 2 1.872 ~ 3777 | 2.825 | 2.846 ~ 4.330 | 3.588 | 3.553 ~ 4.984 | 4.268
Br.11 3 2.220 ~ 2.832 | 2524 | 2.896 ~ 3345 | 3.135 | 3.451 ~ 3.871 | 3.684
Br.12 4 1535 ~ 3.827 | 2.497 | 2.181 ~ 4.802 | 3.293 | 2.681 ~ 5.660 | 3.948
Br.13 2 2.375 ~3.187 | 2.782 | 3.093 ~ 3.842 | 3.468 | 3.704 ~ 4.488 | 4.096
Br.14 2 2.080 ~4.873 | 3477 | 2.829 ~ 5413 | 4.121 | 3.439 ~ 6.142 | 4.790
Br.15 4 2.051 ~ 3554 | 2.510 | 2.847 ~ 4135 | 3.281 | 3.455 ~ 4.762 | 3.916
Br.16 4 2.325 ~ 3.932 | 3.090 | 3.266 ~ 5285 | 4.225 | 3.989 ~ 6.362 | 5.115
Br.17 2 2.980 ~ 5.790 | 4.385 | 4.748 ~ 7526 | 6.137 | 5950 ~ 8.994 | 7.472
Br.18 2 1.655 ~ 2.079 | 1.867 | 2.416 ~ 2.720 | 2.568 | 2.999 ~ 3.272 | 3.135
Br.19 2 3.073 ~ 3100 | 3.087 | 4.090 ~ 4.109 | 4.099 | 4.978 ~ 4.995 | 4.987
Br.20 2 2.149 ~ 2.264 | 2.207 | 3.182 ~ 3.268 | 3.225 | 3.927 ~ 4.014 | 3.970
Br.21 2 1.984 ~ 2.089 | 2.037 | 3.050 ~ 3.214 | 3.132 | 3.821 ~ 4.017 | 3.919
Br.22 2 3.419 ~ 3.703 | 3.561 | 4.290 ~ 4535 | 4.413 | 5120 ~ 5.338 | 5.229
Br.23 2 2.363 ~ 3.098 | 2.731 | 3.208 ~ 3.811 | 3.509 | 3.862 ~ 4.463 | 4.163
Br.24 3 4817 ~ 4973 | 4883 | 5.952 ~ 6.149 | 6.038 | 7.153 ~ 7.394 | 7.258
Br.25 2 2.435 ~ 2.684 | 2.560 | 3.361 ~ 3.710 | 3.536 | 4.083 ~ 4.509 | 4.296
Br.26 1 3.310 3.310 4.082 4.082 4.803 4.803
Br.27 2 1454 ~ 1592 | 1.523 | 2.295 ~ 2313 | 2.304 | 2.831 ~ 2.917 | 2.874
Br.28 2 1.441 ~ 1518 | 1.480 | 2.063 ~ 2.371 | 2.212 | 2.532 ~ 2.979 | 2.756
Br.29 2 1.861 ~ 2.081 | 1.971 | 2.698 ~ 2.712 | 2705 | 3.248 ~ 3.364 | 3.306
Br.30 2 2.336 ~ 3526 | 2931 | 2951 ~ 4507 | 3.729 | 3.496 ~ 5.349 | 4.423
Br.31 4 2.115 ~ 3.008 | 2.568 | 2.942 ~ 3.838 | 3.398 | 3.607 ~ 4.580 | 4.104
Br.32 4 1.883 ~ 3222 | 2570 | 2.822 ~ 3.960 | 3.420 | 3.522 ~ 4.659 | 4.127
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e, 10 — . R*=0.8241
2 . %: 10.039x2 + 1.4341x 2 .
= I~ RZ= 09625 =,
- 2 -
= g =
R =g
= 4 =4
2 1
o T T T T T T 1 o T T T 1
o 2 4 [ 2 10 12 14 o 1 2 3 4
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(@ Using All RFs (b) Using RFs Under Average

Fig. 4.3.4 Regression Analysis of RFs at (+)Moment Non-Compact Section by ASD and LSD 2
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At wege] RuuER dHo) thete] ASD 2 /A" LSD 2 Wi o E U
sh&g AHAsIH e, F 717 9 FrHEARE Q9] Table 4.359 FF
3ttt ASDO WEhg HFS 2832, LSD 29 Was HFS 4.0398 UEGO
o, H oF 142619 W3E SUHF B AR EAEHIT

ZF A Y 3h-E v(Ratio)= 1.163 ~ 2.1019 BFE Ueyo i & X
W=

g UEiE Y% s QAW 2 m@d P7 &S Fig 435904 UE
Us A& 2ol A A7 v FdadAt des & T Ak F 320
o] wFE UstE H7HE 3= Table 4.3.690 5319t
Table 4.3.5 Summary of RFs at (-)Moment Section by ASD and LSD_2
2w = Rating -Factor ([RF) : -
Bt 5wk FHolgk
ASD 2.832 1.227 8.095
=31 4.039 1.874 10.146 g
LSD_2
ARETI 5.478 2.675 12.948
. =SS AN F
Ratio (LSD_2 / ASD) 1.426 1.163 2.101 Ao Aol me

Ave. Rating Factor
O = kd W s N M =l GO W

hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh

Fig. 4.3.5 Comparison of Ave. RFs at (-)Moment Section by ASD and LSD_2
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Table 4.3.6 List of All RFs at (-)Moment Section by ASD and LSD_2

e ASD 1SD 2 =3k | 1SD 2 AH&II
T - (EA) RF ysp Bt RFsp Bt RFpsp Bt
Br.01 4 1742 ~ 2.067 | 1.949 | 2.632 ~ 2.950 | 2.785 | 3.680 ~ 4.061 | 3.868
Br.02 3 2.529 ~ 3.340 | 3.025 | 3.283 ~ 4599 | 4.152 | 4.721 ~ 6.395 | 5.778
Br.03 4 2.746 ~ 4.418 | 3507 | 3.922 ~ 5532 | 4.775 | 5478 ~ 7.394 | 6.479
Br.04 4 3.204 ~ 4.259 | 3.803 | 4.435 ~ 5443 | 5.017 | 5987 ~ 7.114 | 6.636
Br.05 3 4,497 ~ 6.175 | 5336 | 6.380 ~ 7.814 | 7.097 | 8512 ~ 10.231 | 9.371
Br.06 1 2.094 2.094 3.163 3.163 4.355 4.355
Br.07 1 1.890 1.890 2.911 2.911 4.055 4.055
Br.08 1 2.006 2.006 3.126 3.126 4.382 4.382
Br.09 1 2.248 2.248 3.558 3.558 5.037 5.037
Br.10 1 2.047 2.047 3.154 3.1%4 4.530 4.530
Br.11 2 1231 ~ 1.812 | 1.522 | 1.874 ~ 2.610 | 2.242 | 2.675 ~ 3.515 | 3.095
Br.12 2 2.288 ~ 3102 | 2695 | 3.309 ~ 4.377 | 3.843 | 4.502 ~ 5.885 | 5.193
Br.13 1 2.973 2.973 4.040 4.040 5.364 5.364
Br.14 1 3.553 3.553 4.704 4.704 6.274 6.274
Br.15 3 2.590 ~ 2.727 | 2.641 | 3.697 ~ 3.779 | 3.733 | 4.899 ~ 5108 | 4.986
Br.16 4 1623 ~ 2275 | 1.945 | 2.627 ~ 3.615 | 3.124 | 3.713 ~ 5.098 | 4.393
Br.17 2 4.031 ~ 7.785 | 5908 | 6.937 ~ 10.146 | 8541 | 9.502 ~ 12.948 | 11.225
Br.18 2 2.677 ~ 2755 | 2716 | 3.775 ~ 4.021 | 3.898 | 4.951 ~ 5378 | 5.165
Br.19 2 2.043 ~ 2110 | 2.077 | 3.301 ~ 3.456 | 3.378 | 4.712 ~ 4.937 | 4.825
Br.20 2 1536 ~ 1.562 | 1.549 | 2.717 ~ 2.840 | 2.779 | 3.895 ~ 4.068 | 3.983
Br.21 2 2.049 ~ 2.491 | 2.270 | 3564 ~ 4.159 | 3.862 | 5129 ~ 5.858 | 5.493
Br.22 2 1227 ~ 1.656 | 1.442 | 2.578 ~ 2.788 | 2.683 | 3.45 ~ 3.538 | 3.497
Br.23 2 1319 ~ 1.688 | 1504 | 2.293 ~ 2572 | 2.432 | 3.279 ~ 3576 | 3.427
Br.24 3 3.008 ~ 9.09 | 5269 | 4.077 ~ 9.415 | 6.399 | 3.279 ~ 3.576 | 8.693
Br.25 2 3.790 ~ 4.486 | 4.138 | 5.245 ~ 6.223 | 5.734 | 6.923 ~ 8.217 | 7.570
Br.26 1 2.152 2.152 3.120 3.120 4.203 4.203
Br.27 2 1575 ~ 1.774 | 1675 | 2.733 ~ 2.797 | 2.765 | 3.865 ~ 3.923 | 3.8%4
Br.28 2 1664 ~ 1.886 | 1.775 | 2.599 ~ 3.058 | 2.829 | 3.663 ~ 4.244 | 3.954
Br.29 2 2.515 ~ 3192 | 2.854 | 3.464 ~ 4.285 | 3.875 | 4.571 ~ 5610 | 5.091
Br.30 2 1958 ~ 2434 | 2196 | 2.961 ~ 3.528 | 3.245 | 4.032 ~ 4.797 | 4.414
Br.31 4 2.814 ~ 3393 | 3.103 | 3915 ~ 4.752 | 4.334 | 5196 ~ 6.312 | 5.755
Br.32 4 2.819 ~ 3.749 | 3.200 | 4.066 ~ 4.885 | 4.404 | 5.484 ~ 6.368 | 5.854
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Fig. 4.3.6 Regression Analysis of RFs at (-)Moment Section by ASD and LSD 2
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Table 4.4.1 Linear

Equation for Conversion

T 2 Les H] 3L
e zudhd [ RF gy = 1.080R.F,qp + 1.078 2] (4.6)

LSD 1 v zdud [ REF gy = 0.895R.F,qp + 0.550 2] (4.7)
Romern 4l | RF g = 0.966R.F,qp + 0.594 2] (4.8)
S zugd | RF gy = 1.203R.F,qp + 1.086 21 (4.9)
LSD_2 HzgddH | RFgp = 1.050R.F,gp + 0.766 21 (4.10)
HumeX oy R.F;sp = 1.141R.F,qp + 0.808 2] (4.11)

Table 4.4.2 Proportional Equation for Conversion

T8 21k H T
S ZUdd | RFgp = 1.381R.Fygp 21 (4.12)
LSD_1 vl zdge | RF oy = 1.049R.F,qp 2] (4.13)
poder oy o |RE gy = 1.140R.F,qp 2] (4.14)
e Zzgd | RF gp = 1.507R.F,gp 21 (4.15)
LSD 2 HzAuE [ RF gy = 1.264 R.F,qp 2] (4.16)
pouger gy | RF g = 1.377RF . 2 (4.17)

Table 4.4.3 Quadratic Equation for Conversion

T8 2k H] 3L

ZUgH | R.F gp = —0.0565 (R.F, qp)?* + 1.628R.Fgp | 2 4.18)
HEHES

LSD_1 H 209 H | R.F gp = —0.0281 (R.F,qp)* + 1.171R.Fqp | A 4.19)
BodER oy R.F qp = —0.0354 (R.F qp)? + 1.290R.Frqp | 2 (4.20)
SR z99d |RFqp = —0.0582 (R.Fysp)* + 1.761R.Fyqp | 2 (4.2D)
LSD_2 Hz229H | R.F gp = —0.0390 (R.F,qp)? + 1.434R.Fqp | 2 4.22)
FRAER oH R.F qp = —0.0481 (R.Fyqp)? + 1.581R.Frqp | 21 (4.23)
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Table 4.4.10] AAIG AFge] 0] ofd 13} o] bl g dFdFo
2 e Jsh&(R.Fagp)ol BANA AHETE H4 HstERT 23 0
HATFE A7 AAL WetEol FiErtE $27F Ak ¥, Table 4.4.290
AAG 2Fgke] 091 HlE 2] Agols ke Y& (RF,gp)0l F45 23
5 At oy Ak WstE AdadAE A Fig. 4.2.2, Fig. 4.2.4, Fig.
4.2.6, Fig. 4.3.2 Fig. 43.4 2 Fig. 4360014 TL3A A& 4+ It
274 o) Agolx 12k st 2ol Aaake] o Fof wel 271A] A& Al
AT F AR, e AR F FFES A g3 271A A #pH A
2 gl=o] Table 4430+ &2 #e] W& &
M= HES & e F5Fdo] 0 23 T e kA S A AEA
AN G 37FA] B4k o] A B Ao, ASDE IR RF,gpll thdke]
LSD_1 ¥ LSD 2= 37}gk RF gpo THAEES Aed A= Table 4449 2

Table 4.4.4 Dependence of R.F sp on R.Fasp

F54 %)
TR Al
1 @54 | 1 mEA? | 23 g
e 94.6 85.9 93.9
ARAER
LSD_1 H 2o 97.8 94.4 97.3
FRAER TH 97.3 93.5 96.7
e 98.6 91.2 98.2
ARAER
LSD_2 H 2o 9.9 92.1 96.3
FRAER TH 96.5 915 95.7
B 97.0 91.4 96.4
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442 /A A LSDel &% Hste gt A5

1) & A5

Wale R 8 BFOR ZhFalo] §aH4

& I
£ Table 4459 FZ39 oW, exv] &0 FFEEEE Fig 4.4.13 Zoh

Table 4.4.5 Verification of Conversion by Linear Equation of LSD 1

T HM =T (HM Bl zH kA M g
o)) R.Fasp 1.441 ~ 9.551 1.441 ~ 9.551 1.227 ~ 8.095
@ R.Fisp 2.332 ~ 10.884 1.675 ~ 8.944 1.530 ~ 7.942
6 24k RFop 2.632 ~ 11.391 1.840 ~ 9.098 1779 ~ 8.442
2 2HE(%) (= (3-2)/ Q@) -22.3 ~ 14.7 -16.6 ~ 9.4 -19.9 ~ 16.6
Q22 B3H%) 0.677 0.381 0.562
Q2R &9 EFEHIHY) 7.286 5.179 5.701
Q]S £10%0)H Y & 82.8 94.6 91.9
QM £5%0UY & 50.6 66.4 61.7
A~ N\ ,
/\ [\
: [\ L\
/.\ [T\ /7N
/ 82.8% \ / 94.6% \\ // 91.9% \
/ 1 \‘ / 4 ) / T '\
/ & 1 r /i :‘ 1 |/ & r!\ 1
20% -10% 0% 10% 20% || -20% 10% 0% 10% 20% || -20% -10% 0% 10% 20%

(@ (+)Moment Comp. Sec. (b) (+)Moment Non-Comp. Sec. (€) (-)Moment Sec.
Fig. 4.4.1 Normal Distribution of Error Ratio by Linear Equation of LSD 1
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13 549

EHI 4

Z LSD_1°] o3l A% AP ke
TEIHOH, F4kg RF e &

+10%

>
o
el

.

ARG A3 YHoE Aol 01 14k vl 4
(4.12) ~ 2] (4.14)°l

F RF o, BT oF 4~6% A &
olWE ZstE &Eo] 59.5% ~ 75.7%

Al ©

— —

ZHA|

2 vt geael gl 13 @54l mske] Aol tha HojAE Ao
UERgT o8 d Ais 3k RF 9 EEA0] i Ugtd A $4ka o]
BEE 002 AT he B Watge) At Ao ArkHEn,
Table 4.4.6 Verification of Conversion by Proportional Equation of LSD 1
T % (HM =UdH (M Bl oA -M &
O R.Fasp 1.441 ~ 9.551 1.441 ~ 9.551 1.227 ~ 8.095
@ R.Fisp 2.332 ~ 10.884 1.675 ~ 8.944 1.530 ~ 7.942
) 34 RFisp 1.990 ~ 13.190 1.512 ~ 10.019 1.399 ~ 9.228
L2HE%) (= (B-2)/ D) -25.2 ~ 21.2 -186 ~ 12.9 -31.6 ~ 16.2
L2HH]&2] B3H%) -5.658 -4.099 -5.016
xHlE] EFHAH%) 10.436 7.438 8.634
Q2HHE +10%°1H Y & 59.5 75.7 67.7
& +5%0lUY & 321 43.8 37.6
" A *
///\\ ¢ \ / \

\ l:rsJ?% / J \
/ 591.5% \ // \ / 6_1,_?%\
/ | n \ | / / U

-30% -20% -10% 0%

r T T 1 r T T 1
10% 20% 30% || 30% -20% -10% 0% 10% 20% 30% | -30% -20% -10% 0% 10% 20% 30%

(@ (+)Moment Comp. Sec.  (b) (+)Moment Non-Comp. Sec. (€) (-)Moment Sec.

Fig. 4.4.2 Normal Distribution of Error Ratio by Proportional Equation of LSD 1
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Table 4479 SUa Wyoz 23 g 21 (4.18) ~ 21 (4.20)°] 2]
Wk, B

& B shee 44
RF 9 A0 E& AFEEZEE Fig. 44339 2o
A RF gp BT oF 1645 2HA] 4

2 3ikE gEo] 77.4% ~ 90.6%
gRd F e AR FoH

Ao gk HS Aol 13k el o7 ko]
3tE0] 82.8% ~ 94.6%= /M A e} A
Ao 7 Akdn)

s Asd

)
0>~
o
i
flo
i)
A

Table 4.4.7 Verification of Conversion by Quadratic Equation of LSD 1
T % (HM =UdH (HM Blz=Zd oA -M &
O R.Fasp 1.441 ~ 9.551 1.441 ~ 9.551 1.227 ~ 8.095
@ R.Fisp 2.332 ~ 10.884 1.675 ~ 8.944 1.530 ~ 7.942
©) 3+ REsp 2.299 ~ 10.395 1.629 ~ 8.621 1.530 ~ 8.123
L2HE%) (= (B-2) /D) -21.3 ~ 15.6 -15.6 ~ 10.4 -25.2~10.7
QAR &-9] B %) -0.898 -0.925 -1.115
L& EFHAH%) 8.214 5.900 6.919
xS +10%0UY &E 774 90.6 84.6
QAN 5%l & 45.5 59.7 52.4
// \\ //\\ //f \\
/ Jonene\ / T\
[ T14% / \ [ s81.6% \\|
// : \\ S \ // 1
20% 0% 0% 10%  20% || 0%  10% 0% 10%  20% | 20% 0% 0%  10%  20%
(o) (+)Moment Non-Comp. Sec. (€) (-)Moment Sec.

(@ (+)Moment Comp. Sec.
Fig. 4.4.3 Normal Distribution of Error Ratio by Quadratic Equation of LSD 1
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R
Table 4.4.8°= #HZol A3 27]

g wEe) AudeRe RumeRor 7 27)e @ tiste] ASD}

LSD_1° <3 W3t&S 4

sl&3 vl 3te] Table 4.4.99) Table 441001] A2 3T}
Table 4.4.9°) A3 Bridge F& A% 1z} sh2la} 231 42418 o] &3 &

A liskEo]l AA AHAHE RF 9 2AHHE oF 5% oW E

BrrE R om, 13k v & A EG oo R He

= o2 AU

Table 4.4.8 Status of Sample Bridges for Verification

A 4| wH Z F3
T W] AT *(*E‘j\f 2 - ul 2
Bridge F 56+75+55=186 3 18.0 2001
Bridge G 59+58+50=167 1 5.8 2001 SdAY, S4dw
Table 4.4.9 Verification of Conversion by LSD 1 for Bridge F
T ' (WM e (M vz TH -M ©H
ASDell ¢ & R.Fasp 2.729 ~ 2.909 2.729 ~ 2.909 3.550 ~ 4.614
LSD_1el 9J3t R.Fisp 4.081 ~ 4.353 3.011 ~ 3.212 4.115 ~ 5.334
34 REso 4.023 ~ 4.218 2.992 ~ 3.154 4.023 ~ 5.051
134 g4
L A}H]E(%) =31 ~-14 -1.8 ~ -0.6 =53 ~ 2.2
34 REso 3.769 ~ 4.017 2.863 ~ 3.052 4.047 ~ 5.260
12 B4
L A}H]E(%) -1.7 -5.0 ~ -4.9 -17 ~ -14
. 34 REso 4.022 ~ 4.258 2.986 ~ 3.169 4.133 ~ 5.198
27k 44
L A}H]E(%) 2.2 ~-14 -1.3 ~ -0.8 -2.5 ~ 04
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Table 4.4.10¢] “82]3 Bridge G 7%
gk g4k Wskso] AR AR REF g9

A B R en, 12 HY
oAE YEd 5 Qe

Lo

&l 4]

A% 12 Al 2xF g5
ok 7% ool A BluAH
ARt AR o R =S oF 129

iy

ok fo
r

+10% ©J]fe] =

°o]-&

@7} A%

B7EE o ]
7 *yo@

N

+10% oW e FEo] 1
0% | 225 Holx
A E AFeitty AgdET

Table 4.4.10 Verification of Conversion by LSD 1 for Bridge G

T 8 (M ZZee | M mzRe | OM
ASDel &JgF R Fasp 2.724 ~ 2.830 2.724 ~ 2.830 2.802 ~ 2.926
LSD_1ell ¢Jgt R.Fisp 4,158 ~ 4.423 3.011 ~ 3.212 3414 ~ 3.491
34k RFisp 4,018 ~ 4.132 2.988 ~ 3.154 3.301 ~ 3.421

13 44
L2HH]E&(%) -6.6 ~ -3.4 -1.3 ~ -0.8 -3.3 ~ -2.0
34k RFisp 3.762 ~ 3.908 2.857 ~ 2.969 3.194 ~ 3.336

12 W
L2HH]E&(%) -116 ~ 9.5 =51 ~-49 -6.4 ~ -4.5
) 24 RFgp 4.015 ~ 4.155 2.981 ~ 3.089 3.337 ~ 3471

27 B2
L2HH]E&(%) -6.1 ~ -34 -11 ~-1.0 -2.3 ~ -0.6
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443 7Y

A€ LSDol o7t WishE &ikel AF

1) atae] HS
MRS w3 Weke HIpdy(LSD _2)o tisle] o] ATl A Ak W&
ikl S 327 AE wEFe] HrhEaaE &83 ASstaAr ok

ASDell 2l Wal& RF, & 13 & 42l 4 (4.9) ~ 4] (4.11)° 2 &3t
o 4k UeheS AHAsta, dx LSD 29 o A 4HE3 UlstE RF g,
Hlw g A& Table 4.4.11° F53tAth exHl &9 AFEEEE Fig. 444

of 21 2

2] &0] £10%°lWH Y &

o] 88.4% ~ 99.9% % A UElyFTH

Table 4.4.11 Verification of Conversion by Linear Equation of LSD 2

T % HM =t (HM Hlz="Edd M o9
o) R.Fasp 1.441 ~ 9.551 1.441 ~ 9.551 1.227 ~ 8.095
@ R.Fisp 2.532 ~ 12.003 2.053 ~10.577 1.874 ~ 9.415
® 2+ RFispc 2.820 ~ 12.576 2.279 ~ 10.795 2.208 ~10.044
L2HE%) (= (3-2)/ @) -105 ~ 114 -18.0 ~ 11.8 -22.1 ~ 18.1
QAHH]E-2] H %) 0.260 0.496 0.457
L2820 TFHIH%) 2.946 5.937 6.353
xHE £10%0UY gE 99.9 90.7 88.4
2]E £5%°HY & 90.9 59.9 56.8
e Piny
7\ 7\ £\
9*9.9%\ / 90.7% \ // 88.4%
D7 N 7 (B N [/ B AN
-15% -10% 5% 0% 5% 10% 15% | -20% -10% 0% 10% 0% || -20%  -10% 0% 10% 20%

(@ (+)Moment Comp. Sec.

(o) (+)Moment Non-Comp. Sec.

(©) (-)Moment Sec.

Fig. 4.4.4 Normal Distribution of Error Ratio by Linear Equation of LSD 2
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Z LSD 29 93 A A UehE& RF g9 vlng A5 Table 4.4.129)

TEF o, g RF p o A8 E& B EEX 5+ Fig. 4459 2ot
12} vl o2 $4He RF gpe 213 A8 RF g, B F 5% = ZA 4
[ BE& £10% o= ZbE FEo] 62.7% ~69.4%

2 Uty Aol e 13k 4ol mlste] AE o] A "olAs Ao
Ueltth o]23 Aie= $4F REF oo &5l T HE3kd A3 &4k 9
Feg 002 AT we s atde) ARt 9o A,
Table 4.4.12 Verification of Conversion by Proportional Equation of LSD 2
T % (HM =UdH (M Bl oA -M &
O R.Fasp 1.441 ~ 9.551 1.441 ~ 9.551 1.227 ~ 8.095
@ R.Fisp 2.532 ~ 12.003 2.053 ~10.577 1.874 ~ 9.415
) 34 RFisp 2.172 ~ 14.393 1.821 ~ 12.072 1.690 ~ 11.147
L2HE%) (= (B-2)/ D) -25.5 ~ 20.2 -20.7 ~ 15.2 -34.5 ~ 184
L2HH]&2] B3H%) -5.650 -4.625 -5.444
xHlE] EFHAH%) 7.689 8.500 9.571
xE +10%0UY &E 69.3 69.4 62.7
& +5%0lUY & 38.3 38.9 34.2
[ 4 £\

/- [0\ [\
// 69:3%\\ / 691'4% / 612.7%\
I I N - AN

o

30% -20% -10% 0% 10% 20% 30% | -30% -20% -10% 0% 10% 20% 30% | -30% -20% -10% 0% 10% 20% 30%

(@ (*)Moment Comp. Sec.  (b) (+)Moment Non-Comp. Sec. (€) (-)Moment Sec.
Fig. 4.4.5 Normal Distribution of Error Ratio by Proportional Equation of LSD_2
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SabE gEo] 80.2% ~ 97.5%

Table 4.4.13 Verification of Conversion by Quadratic Equation of LSD 2

T = HM =i (HM HlzEgH M &
o)) R.Fasp 1.441 ~ 9.551 1.441 ~ 9.551 1.227 ~ 8.095
@ R.Fisp 2.532 ~ 12.003 2.063 ~10.577 1.874 ~ 9415
® 24k RFsp 2.417 ~ 11510 1.985 ~ 10.138 1.867 ~ 9.646
L2HHE%) = (3-2)/ Q@) -12.0 ~ 74 -17.3 ~ 12.2 =276 ~ 124
L& HiH%) -1.156 -0.970 -1.201
L2 E0] FEFHAH%) 4.308 6.764 7.683
Q2HHE +10%0H Y &E 97.5 85.7 80.2
QAN £5%0lNY & 73.7 53.6 48.0
£\ /N /. \
[\ /\ / ¢ \
,!I ’ \\ [ o\ /
! 97.5%\ Il 85.7% \ / 20.20 \
/ \ / \ / \
/o 1 \ 1
A ¢ : / ) S
-Z‘D% -110% 0% 1[:% 2[:% _2'0% -10% 0% 10% 2[;% -26% -10% 0% 10% ZDI%

(@ (+)Moment Comp. Sec.  (b) (+)Moment Non-Comp. Sec. (€) (-)Moment Sec.
Fig. 4.4.6 Normal Distribution of Error Ratio by Quadratic Equation of LSD 2
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2 = 9%te] LSD_19] HZFelAet &
wFel thste] 2 AERE REF gp ok B4t

BudlEXo|A Z+ 2719 woel ojste] ASD}
o3 WEteS AAstg o, Ak 3714 A2 o] &3 3HAk U

3+&-3 Blwde] Table 4.4.149} Table 4.4.150] A& sFHth
Table 4.4.140 23+ Bridge Fo] -5 13} =23 23} g2
A Wekgol AR AHEE RF & 22HE 9F 6% o|WH=E Hlw
o

e Aow HrHYom, 14 WAL B BuAnT diHor e o
2 GEAT oxulg 10%0)ue] MuH A Y AnE denjs Ao
= g

oJ@d AFe MM A LSDANAE EYaH, SARAIA Arjdon v
& B4 Were B4 Fol 2ATk 10% olUYd FEo| Tha Be Ao
UEhd 13 wlE Ao ol % AR} B make] Agol s thE kel 2
ol Hste] ¥ oAt WSS Ao BT,

Table 4.4.14 Verification of Conversion by LSD 2 for Bridge F

3 B M 2hgd | (M mzag (M e
ASDel &Jgt R.Fasp 2.729 ~ 2.909 2.729 ~ 2.909 3.550 ~ 4.614
LSD_2) ¢Jgt R.Fisp 4.423 ~ 4.702 3.659 ~ 3.897 4,984 ~ 6.452
) 34k RFisp 4.369 ~ 4.586 3.631 ~ 3.820 4.859 ~ 6.073
13 44
L2HH]E&(%) =25~ -1.2 -2.0 ~ -0.8 =59 ~ 25
34k RFisp 4113 ~ 4.384 3.449 ~ 3.677 4.888 ~ 6.353
13} g
L2HH]E&(%) -7.0 ~ -6.8 -5.7 ~ -5.6 -19 ~ -15
) 34k RFisp 4.372 ~ 4.630 3.623 ~ 3.841 5.006 ~ 6.271
23 2]
L2HH]E&(%) -15 ~ -11 -14 ~ -1.0 =25~ 04
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Fol= 12 S 23 gale ol &
3 sk skeo] AH AAT RF 9 xS oF 6% olUolA mlmE &
ARSHAL B7EEIl oM, 13 HE A S T2 kARG FUH o R Ee oF 11%
°of eA= UEld T e A= A
g vk} o] 1z 2o 374A] A

R8s =
£ AZPYL B 5 Ao

Table 4.4.15¢] “8 2|3t Bridge G| 7

ol A B el ZFolA
S

oA diF ez ¢

LSD_10lA ¢} o] |AS w3 LSD 201 % 13 Hlg 2o SAAzE= 2
wFe] HEAE A 227t F 10% AT FEOEZ WS v 2=
Agdta Br]E ofHr) kAR 4 vi#2le] A4 Wekg oF 3.00

st HFolAl= F Wst&o] AA W& Rt 2HA HriE o] kS0 = $4t

He 7bsAel Eve A g vEHE 3 JsieS ABdgoz H4A 44

3}

d o Ats HoAMe E8E7F =2 F Tk

=

Ll

i

=

[e)
Aoz w1, AA 270 wFFe] HEAH AR 25 10%C] 9 i}:‘i:— 1o
il 2 r

Qomz AAS WG LSD_ 29 ke S 9% st e Fezow
HES ek FARE AlFEs AR ATHET

Table 4.4.15 Verification of Conversion by LSD 2 for Bridge G

T 8 (M ZZee | M mzRe | OM
ASDel 9]gF R.Fasp 2.724 ~ 2.830 2.724 ~ 2.830 2.802 ~ 2.926
LSD_2¢l 2]k R.Fisp 4.506 ~ 4.792 3.666 ~ 3.919 4,158 ~ 4.241
} 34k RFisp 4.363 ~ 4.490 3.626 ~ 3.738 4.005 ~ 4.147

13 344
2 2HH] (%) -6.3 ~ -3.2 -4.6 ~ -1.1 -3.7 ~ -2.2
34k RFisp 4.105 ~ 4.265 3.443 ~ 3.577 3.858 ~ 4.029

ERE R
2 2HH] (%) -11.0 ~ -8.9 -8.7 ~ 6.1 -7.2 ~ -5.0
) 34k RFisp 4.365 ~ 4.518 3.617 ~ 3.746 4.052 ~ 4.214

23 42
2 2HH] (%) -5.7 ~ -3.1 -4.4 ~ -1.3 -2.5 ~ -0.6
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45 MAAES AS

U4 33™edA = wFY AstAE Ao AT Wty Hrke NAAES
A Fgk v} 91O, Table 4.1.89= LSDY AA7|Fol 7= 714 A LSD_1¢}
NAAES 283 LSD_29] A& AoldS AYstdtt. o714 LSDE
st H7PHA A4 A LSD_13 /A E LSD 29 ARE Hlasta
M ] &35 A 2]ste] Table 4.4.163% Table 4.4.17°] 453}t

T Olior
%
=

Table 4.4.16 Improved Ratio in (+)Moment Section by LSD

. (KM e (HM B zUgH
- 12} 3 ek 231 g Bk | 1A 3 3k | 231 e SR
R.Fasp 10 ~ 70
R.Fispa 2.158 ~ 8.638 1.572 ~ 8.627 1.445 ~ 6.815 1.143 ~ 6.820
R.Fisp2 2.289 ~ 9.507 1.733 ~ 9.685 1.816 ~ 8.116 1.375 ~ 7.987
R; = RFisp1 / RFasp | 2158 ~ 1.234 1.572 ~ 1.233 1.445 ~ 0.974 1.143 ~ 0.974
Ry = RFisp2 / RFap | 2289 ~ 1.358 | 1.733 ~ 1.384 | 1816 ~ 1.159 | 1.375 ~ 1.141
Rimprov = R2 [ Ry 1.061 ~ 1.101 1.103 ~ 1.123 1.257 ~ 1.191 1.203 ~ 1.171
Ave. Rpprov 1.089 1.112 1.208 1.188

Table 4.4.17 Improved Ratio in (-)Moment Section by LSD

2w -M @4
124 gk gk 27 g Ak
R.Fasp 10~ 7.0
R.Fisp1 1.560 ~ 7.356 1.255 ~ 7.295
R.Fisp 2 1.949 ~ 8.795 1.533 ~ 8.710
Ry = RFisp1 / RFasp 1.560 ~ 1.051 1.255 ~ 1.042
Ry = RFisp2 / RFasp 1.949 ~ 1.26 1.533 ~ 1.244
Rawrov = Ra2 [ Ry 1.249 ~ 1.196 1.222 ~ 1.194
Ave. Raprov 1.210 1.209
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Table 4.4.167} Table 44172 ASDoOl 93k UwkAQl w e Wsts R.F,qp7t
1.0~7.0 Atelell hvkar 7hAste s W9 StellA LSD_1 B LSD_29] ¢jgt
Wat&o] ®stE AHEstal RF,gpoll tidk 22 gknl &S et lon, 7)
Aadg ZRAstr] 9t Zb ghabul g2k A& RyprovE AASHATH

=3 2bdd ZF nl Lo WHEAIS Fig 447 ~ Fig. 449904 = A& &
Atk Wske Sk tig AFS AASFAOCERE Ao RE JFET} L
124 et 22 FeE $abAlS o] &3t RF ohE AMASHA Mgk A, AR
HER gdix FRdeER do] Faglo] RF,q,7F 1.0014 70082 F715ol
el 12} Bkl X EM e BN ES Holw, 23 kA2 AP
o] AN &S HOJA|WE 27FA] B5F RF, g7} S7HE,E @& Fasts

2.0 X
= R.Frsp 1/RFasp =— R.Frsp 1/RFasp
151 —RFisp 2/RFasp || o 15 % 3 = R.Frsp 2/ RFasp
=
=

L0 = R.Frsp 2/ RFrsp . — R.Frsp 2/ RF1sp

Ratio

o 1 2 3 4 5 5 7 s R o1 2 3 4 s & 7 s REw
(@) Linear Equation Applied (b) Quadratic Equation Applied
Fig. 4.4.7 Improved Ratio in (+)Moment Compact Section
2.5 2.5
20 —R.Frsp 1/RFassp 20 —R.Frsp 1/RFassp

13 N ; —RFrsp :/RFssp | o 13 —R.Frsp 2/ RFasp
= :2:—_‘
10 B0 — —R.Frsp2/RFrspa

—R.Fusp2/RFLspa

Ratio

0.5 0.5

0.0 T T T T T T T 1 0.0

o 1 2z 3 a4 5 6 7 8 R o 1 2 3 a4 5 6 7 8 R

(@) Linear Equation Applied (b) Quadratic Equation Applied
Fig. 4.4.8 Improved Ratio in (+)Moment Non-Compact Section
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Fig. 4.4.9 Improved Ratio in (-)Moment Section
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BT 9lom, ol AHEAIF RF,p 9 A7de A JFS
ojm et

AsAD A

(e} )
L

I Table 3.4.13} Table 3.4. ZETH
IYE BRAS

g

A=

T2 GAA wEE AF AdHE&F o]E ASDY -‘ﬂf& st grto)
B e Uske AAn &S Fusty, 59 AAAES LSsDo o sty
Brlol| Hgste] Ushe AN LS 4% vlwstd Table 4.4.18% 2t}

- 131 -

Collection @ kmou



Table 4.4.18°1 4 R.F ¢, 7/NAABE&LS 13 &2 23 &4 3429 R.F yprov
W o2 vustdtt 94 TR/ T glo] &SP oE Hrtst= ASDY
WER RF, = He 145%2 MAa37F Aoy LSDoA+= FE =

X(S]E
Es} AHEWNER Xi%%g—% AR AW ER 2UTHS oF 10.1%2] 7)
Aayrt Qon, Azre FEF=ZE FHrlste vlZ2UTHLS oF 10.8%2] 7fA
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ol A= 3] of Fo tig kA

Ho| Table 4.3.29] Afo|A e} o] A=
ARG 119 Wsh&RTH 10%°]d EA 4

o= 2UGHS drEe] thA WA A EH Ao E Add.

uebA, @] FR, AWMIBAGH Fol wEA fdRES tda dold
UAATE, HAAFR o= HrlstH ASDAIA ] Waks MRS 2 F=x
T o A MAneH FAR @S UEhla leu= o] dAFtelA Al
At RS e ot Add = A

Table 4.4.18 Verification of Improved Ratio

(+)Moment (+Moment (-Moment .
T2 oo | wzddd | o gt M 2
Table 4.4.16 2
o }\.‘ o =
R.Fispel 7H4in]& 1.101 1.198 1.210 1.169 Table 4.4.17 #=
Table 3.4.10] 4
R.Fapd] 7WAH]-E 1.14 1.2 1.1 _
asp2] ZHAHE 5 39 90 Ry o B
- Table 3.4.20 A
-] g 1.167 1.167 R0
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