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INTRODUCTION

Specification-based
Design for Bridge

Updated!'!

Allowable Stress
Design method (ASD)
Stress-based Design

f d ©~ Omax
Design Maximum
Strength Stress

Performance-based

Design for Bridge

[1] Japan Road Association: Road Bridge Specifications, 2017. (in Japanese)

Limit State Design
Method (LSD)
Capacity-based Design
Stress-based Design

Rd > Mmax

Design Maximum
Capacity | oad




MERIT OF CAPACITY-BASED DESIGN

Concrete Slab

Ultimate Limit State =
(Concrete Crushing]or[SteeI Buckling]

Steel Girder

[2] Kyosuke Yamamoto, Hitotaka Kouno, Kuniyuki Sugiura, Yoshinobu Oshima and Tarou Tonegawa, Effect of material
plastic properties on ultimate Bending Capacity of Hybrid Composite Girder, 62" Annual Lecture of Civil Engineering
Society, 2007. (in Japanese)



COMPOSITE GIRDER AMELIORITON
Normal Hybrid

Composite Girders Composite Girders

High Performance Steel

Steel Cost 20% decreasel? 10% decrease

[3] Masutsugu Nagai, Takeshi Miyashita, Cuiping Liu, Naofumi Inaba and Atsushi Homma, Design and Application of
Steel and Steel-Concrete Plate Girds Bridges with Hybrid Section, Journal of Japan Society of Civil Engineers A1, 3
Vol68, No.1, pp.203-215, 2012. (in Japanese)



BENDING CAPACITY CALCULATE CRITERION

Full-Plastic Ultimate Bending Moment
Bending Momentcalculated by Fiber Method / Finite Element Method

M. o or
y oo M, « Mg
M < M The true value of
d U Ultimate Bending Moment
The Design Value

Of Ultimate Limit Staf:‘;ctor of e Mp: basic design method (easy)
safety e My = aMp : design load

—_— -evaluate M, <or>M,
Md B CZMP < : Failure
> . Safety
Bending Capacity IEXEINEIR>M,,/Mp




NCGs = Normal Composite Girders
P“BP“SE HCGs = Hybrid Composite Girders

To verity the ultimate limit state

Compare the Reliability of NCGs and HCGs

\/
Failure Probability
\/
Ultimate Limit State =[Concrete Crushing]or[SteeI Buckling]
\/ \/
Fiber Method FEM

All Material Parameters are taken as Random Variables

S



Random Variables
Compression Strength f.
Young's Modulus E

Yield Strength o,
hardening strain ¢;
Hardening Coefficient E;
Hardening Curvature ¢

Normal Log-normal Weibull
Distribution  Distribution  Distribution

900 -

NUMERICAL EXPERIMENT
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SIMULATION MODEL

Iv I |$ l
tft=12 tft=15 tft=24
tw=12 1| tw=15 +«— tW=24

V=24 et =40 N :.-64

slender standard compact



FIBER METHOD
Basic design method

Ultimate Limit State Design Index

Ultimate Full-Plastic
Bending * Mu Bending
Moment Moment p

[4] Yukio Maeda, Yasuharu Kajikawa and Masao Ishiwata, Bending Behaviors and Maximum Load-Caring Capacity of
Hybrid Composite Beams, Kawasaki Technical Report, Vol.10, No.1, pp.86-99, 1978. (in Japanese)



RESULT OF WEIBULL DIST.

Com

pact NCG
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DISCUSSION OF HISTOGRAMS

N O 'm a I Failure Safety Larger quality variation

_ _ Standard of NCG Large quality variation means
Composite Girders ' |l b|  adisperse data distribution
>1050 A - and is more likely to have more
S T abnormal samples.
S 700 AR ~ Higher Failure Probability
o RRRRFRARi ~High failure probability means ,
Less'-'t-han350 | ] with certain factor of safety,
My= aMP\O* : 2 —there are more unreliable
0.7 09 1 1.3 samples and more failure
Mu/Mp cases, with means less reliable.
Hybr|d Failure  Safety _ o
Standard HCG Smaller quality variation
Composite Girders 1400 Cop  Small quality variation means a
- *. concentrate data distribution
91050 uo| ~ and is more likely to have fewer
g 200 | . abnormal samples. N
S | Lower Failure Probability
- 7 , : - Low failure probability means,
L 350 1 . .
Less than Wi | with certain factor of safety,
My=aMp g > ) =1 > there are fewer unreliable
0.7 09 1 1.3 samples and fewer failure
Mu/Mp cases, with means more 14

reliable.



RELIABILITY INDEK

Destruction

Design Load = aMp

> 7

[3] Masatsugu Nagai, Takeshi Miyashita, Guiping Liu, Naofumi Inaba and Atsushi Homma, Design and
applicabicability of steel and steel-concrete plate girder bridges with hybrid section, Vol.68, No.1, 203- 12
215,2012. (in Japanese)
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RESULT

Risky 0.14

Failure Probability
- - )
o o o <
=~ @) o%0 —
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Safe 0

" Normal
- Composite Girders (0 )
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Risky Reliability Index Safe
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RES“I_T With same section dimensions, HCGs
have lower Reliability than that of NCGs.

isky 0.14 | |
Risky ¢ Compact because concrete was inferred to resist
0.12 HCGs against larger compress stress.
2 0.1
=
S 0.08
e e, Weibull Dist.
2y e
o 0.06 ‘ Compact
é Normal Dist. NCGs
£ 0.04 Log-normal Dist.
0.02
Safe 0 3 |
1 1.5 2 2.5 3
Risky Reliability Index Safe

Failure Probability estimated from
the assumption of Weibull Dist. is highest,
which means better to use for safety



RESULT
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model has a higher Reliability.
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Numbers of Destruction

Numbers of Destruction

RESULT
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FINITE ELEMENT METHOD

[Concrete Crushing»[Steel Buckling]

Comparison

[4] Shun-Fa Hwang, GUU-Huann Liu, Buckling Behavior of Composite laminates with multiple delaminations under
uniaxial compression, Composite Structures, 53 (2001) 235-243.
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SIMULATION MODEL

Cross Girder

>Restraining the

Stiffener

>Restraining the
deformation of
buckling

lateral buckling

Two-Girder Model
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RESULT Displacement

10 times scale

ANSYS
NCOAL SOLUTICN 2020 R1
STEP:]_ ACADEMIC
SUB =208
- DEC 20 2020
TIME=1 = 12:40:15
UstM (AVG) PLOT NO 1
RSYS=0 -
UFDATED GECOMETEY
MK =541.489
SMK =541 .489
L —— |
0 120.331 3
60.1654 541 .489
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RESULT

Total mechanical strain o simes scate

ANSYS
NCDAL SOLUTICN 2020 R2
STEP=1 ACADEMIC
SUB =88 29 2020
TIMF~1 - 5 30:45
UFDATED GECMETRY / ek .
DMX =539.679
SMY =.450E-05
SMX =.008408
Upper edge of /
concrete slab -
Maximum value < ¢, =0.035
Steel buckling ultimate state
— — — |
LA450E-05 001872 003739 . 005607 007474
.938E-03 . 002805 004673 .00654 .008408
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RESULT OF WEIBULL DIST.
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DISCUSSION OF HISTOGRAMS

N orma I Failure  Safety Larger quality variation
. . Large quality variation means
Composite Girders _ 2 | a disperse data distribution
S s | and is more likely to have more
3 e abnormal samples.
SE '~ | | Higher Failure Probability
9 - = High failure probability means ,
Less thanS\ ‘ -| | with certain factor of safety,
Mg= aMpy e m »there are more unreliable
0.8 1 1.1 1.2 13samples and more failure
M, /M, cases, with means less reliable.
Hybrld Failure  Safety _ o
25 | - Smaller quality variation
Composite Girders ! | Small quality variation means a
S concentrate data distribution
S 15 7 1 and is more likely to have fewer
Qg; Lol i | abnormal samples.
=~ Lower Failure Probability
S| Less than 1 | Low failure probability means
Mi;= aMp . .
'EJ with certain factor of safety,
0 — @& > there are fewer unreliable
08 09 1 1.1 12 13

samples and fewer failure
cases, with means more 22
reliable.



RESULT
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RESULT

Numbers of Destruction
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Bl slender
[standard
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e Fiber Method: Concrete crushing ultimate state
e FEM: Steel buckling ultimate state

Design Section
. . model
load dimension

, Large Slender NCGs
Fiber

Small Slender HCGs

Large Compact HCGs
FEM

Small Compact HCGs
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CONCLUSIONS

® From the results of Fiber method, slender section shows a better performance
of bending capacity, and NCGs are proved to have a higher reliability with
large design load. The reliability of HCGs is overvalued.

® From the results of FEM, compact section 1s inferred to have a better
performance of resisting buckling. And the buckling resistance performance
of HCGs are obvious. Thus, the compact HCGs are concluded to be most
reliable structure.

® To synthesize the results of Fiber method and FEM, the results of Fiber
method are not completely credible when the structure has a thin shell part,
and the buckling calculation should be considered in the simulation. The
advantages of HCG could be interpreted. The compact HCGs could be
concluded to have a highest structural reliability among these situations and
have a better performance to resist buckling.

26



FUTURE WORK

® It is possible to improve the parameters used in numerical simulation. Due
to the different statistical data of references, materials and steel
manufacturers, it 1s possible to further rationalize the results by using more
realistic values.

® Duec to the complexity and time-consuming of the FEM buckling analysis,
only 100 variables are generated for simulation in this research. In the
future work, we should try to simplify the calculation process and use more
variables to make the results more reliable.

® For the structure with thin shell part, Fiber method 1s not enough for
calculation. In order to make the result more reliable, buckling analysis of
FEM should be added into calculation. To make fully use of performance of
cach material, a more appropriate section dimension could be found for the
design of composite girder in the future work, which should satisfy that the
structure achieves the failure of upper edge of concrete slab and buckling

ultimate state simultaneously.
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