K % MAHMUDUR RAHMAN

[ESROL S G E A ) T (5k)

AR T H 5 THELTHEE 1132 &

FALZGAEHH P31 4E3 H 20 H

EXVECECNOR SHiT BN 4 5558 1 TH%Y

A G E H Reliability-based design for buckling strength of stiffened steel plates:

ultimate and serviceability limit states
(SH-Hf B AR D Bt 5 B2 2 B9 2 AR R R - MR BRLGR & A BRSY)
i %A %R ZHE # = S
e E B A NI N
# E S G L <)
e 7 RH BEZ

b W
1 O 11

WX DABTDEE

The compressive strengths of stiffened steel plates at Ultimate Limit State (ULS) and the Serviceability Limit State
(SLS) were investigated in this research by employing a combination of numerical and probabilistic approaches. Due to
lack of specific criteria to determine the compressive strength at SLS, a rational criterion has been proposed based on
elastic buckling strength and fabrication tolerance. Two distinct behavior of stiffened plates under compression, i.e. the
column-like behavior and the plate-like behavior were addressed. Three stiffened plate models with three, two, and one
flat plate longitudinal stiffeners, corresponding to Model-1, Model-2, and Model-3 were considered for the study, where
Model-1 and Model-2 shows column-like behavior and Model-3 exhibits plate-like behavior. Relative stiffness of the
longitudinal stiffener for all of the three models conforms to the required relative stiffness of JSHB (7, [V ireg =D

In case of Model-1, to achieve the column behavior, aspect ratio was set to one and an unconnected strut consisting
of a longitudinal stiffener and the associated subpanel width was considered, neglecting the effect of longitudinal edge
supports. After carrying out the numerical and probabilistic analysis, major findings are as follows:

Comparing to the Model-1 ULS strength with a 5% non-exceedance probability( p,= 5%) , the JSHB, AASHTO,
and Canadian Code overestimates the strengths for R, < 0.8 and is significantly conservative for R, > 0.8. [Ry is
the JSHB reduced slenderness parameter]

Eurocode column-like buckling strengths shows good agreement with the ULS strengths corresponding to 7, =5%.
The mean values of the SLS strengths at R, =1.0,1.2,and 1.4 are 18%, 29%, and 34% lower than those of the ULS
strengths, respectively.

The SLS strengths with p, = 5% are lower than the current ULS strengths of the JSHB.

Model-2 investigates the effect of longitudinal edge support on column-like behavior. A simply supported boundary
conditions along the longitudinal edges were considered for Model-2 stiffened plates. After carrying out the probabilistic

analysis, results were compared with different design codes and the key observations are the followings:



Compared to the Model-2 ULS strength with a p, = 5%, the JSHB, AASHTO and Canadian Code overestimates
the strength for R, < 0.6, and underestimate it for R, > 0.6.

The ULS strengths with a p, = 5% agree well with those of Nara et al. and those of Eurocode, except for R, values
in the range of 0.8-1.2.

The mean SLS strength at R,= 1.0 is 92.6% of mean ULS strength, while the same at R,= 1.4 is 80.4%.

The JSHB strength curve for ULS remarkably matches well with the SLS strengths fora p, = 5%.

Model-3 stiffened plates are selected so as to exhibit plate-like behavior, where the plates possess a large post-buckling
strength reserve. To achieve the plate behavior, aspect ratio was set to three and simply supported boundary conditions
were considered along the two longitudinal edges. Employing an approximate estimation procedure, first-order mean
values and first-order variances were obtained for both ULS and SLS strengths. Important remarks on Model-3 stiffened
plates are presented below:

The mean value (1) ULS strengths of Model-3 are in good agreement with the Eurocode plate-like buckling strength
or interpolated final strength.

Comparing to the mean value (1) ULS strengths, the AASHTO and Canadian code overestimates the strength in the
range of 0.6 <R, <1.4.

JSHB strength curve is significantly conservative for Model-3 stiffened plates.

With the increase of the R, values, the difference between the mean value (1) strengths of ULS and SLS also increased.
The coefficient of variance (CoV) of the SLS strengths are found to be higher than that of the ULS strengths.

A comparison of the probabilistic information of the three stiffened plate models were also carried out. It is expected
that the column-like buckling strength will be smaller than the plate-like buckling strength, due to the difference in the
post-buckling strength reserve. Reflecting to the expectation, mean value strength of Model-1 and Model-2 was found
to be smaller than that of Model-3, for the both ULS and SLS. Furthermore, due to consideration of simply supported
boundary conditions along the longitudinal support edge, it is also desired that the Model-2 strengths will be slightly
higher strength than that of Model-1. For both ULS and SLS, this phenomenon was observed for R, >1.0.

The uniqueness of this research is that the effect of thick plates and SBHS steels were included. Furthermore, rather
than deterministic strengths, probabilistic strengths are provided for column-like behavior and plate-like behavior, which

can be used as an important reference for developing a reliability-based design strength curve.
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