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Title: 
Canadian Developments in the Limit States Design and Evaluation of Steel Highway Bridges.

Author: 
Kennedy, D. J. Laurie;  Bartlett, F. Michael;  Gagnon, Darrel P.

Source: 
Elsevier Science Ltd.: (Oxford, England); Structural Engineering World Wide 1998 [computer file], Paper T113-2; 1998  ISBN: 0080428452

Key Terms: 
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EEA Abstract: 
The paper presents, for the proposed 1998 edition of the Canadian Highway Bridge Design Code, the live and dead loading and the [estimated] load factors, the limit states that must be examined, and some features of Section 10 dealing with steel highway bridges. The background to the development of the section on evaluation of existing bridges is also presented. The 1998 edition is based on Limit States Design, as bridge codes in Canada have been since 1979 or for 19 years. The limit states are divided into the three categories of serviceability, fatigue and ultimate limit states. The design truck, that reflects actual truck traffic, has proved invaluable in the design of new bridges and evaluation of existing bridges. It is an idealized five-axle truck developed from load surveys in Ontario. By considering two, three, four or five axle configurations of the truck, depending on the length of the influence line, an envelope of the actual truck load effects is obtained. The CL-625 loading, used for the national highway network, has a total truck weight of 625 kN [140.5 kips]. Durability requirements are spelled out in a new clause and, for the first time, long span bridges are covered. The latter required development of resistance equations for tension in cables [wire, strand or rope] for which a resistance factor of 0.55 was established by calibration to existing practice. Two basic methods for evaluating bridges are presented. These are the newer "mean load method", wherein the mean loads and resistances and their variation coefficients are used directly, and the traditional method wherein specially developed resistance and load factors are used. For both methods, quantitative adjustments are made in the target reliability index as a function of element behaviour, system behaviour, the consequences of failure, and inspection levels. It is concluded that the loading model reflects, in general, existing truck traffic and thus predicts load effects well. The resistance formulations are realistic. Therefore, in combination, the factored loads and resistances, give bridges of the required safety and the safety level is reasonably uniform for different bridges and their components. The evaluation procedures are deemed to result in fair and economical appraisals of bridge structures consistent with good engineering practice.
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<1>

AU Shang, J Q.  Umana, J A.  Bartlett, F M.  Rossiter, J R.

IN Univ of Western Ontario, London, Ont, Can

TI Measurement of complex permittivity of asphalt pavement materials

SO Journal of Transportation Engineering. v 125 n 4 1999. p 347-356

AB To facilitate applications of road penetration radar and other nondestructive testing technologies on roads, an apparatus was developed for the measurement of complex permittivity of construction materials.  The system consists of an automatic network analyzer, a sample holder, coaxial cable connections, and data processing software.  The sample holder can accommodate either laboratory-prepared of field-drilled asphalt and concrete samples with maximum aggregate sizes up to 19 mm and lengths up to 400 mm. A computer program is used to convert the parameters measured by the automatic network analyzer into the real and imaginary parts of the complex permittivity.  The dielectric constants of 43 laboratory-prepared asphalt samples of fairly consistent bulk densities were measured over the frequency domain of 0.1 MHz to 1.5 GHz.  The average dielectric constants were 6.0 plus or minus 0.15 for dry specimens and 6.52 plus or minus 0.99 for soaked samples over the frequency range!

 of 8-900 MHz.  A linear relationship was observed between the gravimetric moisture content and dielectric constant up to a moisture content of 1%, with dielectric constant increasing by 0.62 for every 1% increase of moisture content.  The results indicate that the asphalt content and mix type did not significantly affect the dielectric constants, whereas the moisture content was identified as the predominant factor.  The results provide much needed information on the dielectric properties of asphalt pavement materials. (Author abstract) [References: 19]

DE Permittivity measurement.  Thickness measurement.  Nondestructive examination.  Moisture.  Computer software.  *Asphalt pavements.

PT Journal Article

LG English

ID Automatic network analyzer.  Ground penetrating radar

<2>

AU Bartlett, F Michael.

IN Univ of Western Ontario, London, Ont, Can

TI Introducing reality when educating engineers - how much is too much?

SO Proceedings - Frontiers in Education Conference. v 3 1997. IEEE, Piscataway, NJ, USA,97CB36099. p 1457-1458

AB Introducing reality when educating engineers requires the illustration of structural engineering with real examples and the presentation of genuine experiences of the educator as evidence for the need to master some difficult topic.  However, there is a limit on how much reality can be injected into course curriculum.  These limitations are explored and discussed.

DE Teaching.  Personnel training.  Professional aspects.  Structural design.  *Engineering education.

CF Proceedings of the 1997 27th Annual Conference on Frontiers in Education. Part 3 (of 3).  Pittsburgh, PA, USA.  19971105-19971108.  Conference Code: 47760.

PT Conference Paper

LG English

SA IEEE.

ID Engineering students.  Design competitions

<3>

AU Bartlett, F Michael.

IN Univ of Western Ontario, London, Ont, Can

TI Precision of in-place concrete strengths predicted using core strength correction factors obtained by weighted regression analysis

SO Structural Safety. v 19 n 4 1997. p 397-410

AB A two-step method for converting a concrete core compression test result to the in-place strength of the corresponding volume of concrete is presented.  The strength of a non-standard core is first converted to the equivalent strength of a standard core, and then the standard core strength is converted to the equivalent in-place strength.  Strength correction factors required for these conversions, obtained from weighted linear and nonlinear regression analyses presented elsewhere, are summarized.  The accuracy of the predicted in-place strength is affected by the inherent error of the core strength measurement itself, and by the uncertainty of the various strength correction factors.  It is shown that confidence intervals on the estimates of the strength correction factors obtained by regression analysis underestimate the true model error because the underlying models are imperfect.  Instead, the accuracy of the strength correction factors is determined by a weighted regre!

ssion analysis of ratios of observed-to-predicted values which accounts for the non-uniform variances of the dependent and independent variables.  The coefficient of variation of the in-place strength predicted from a test of a 100 or 150 mm diameter core is between 4 and 5.5%.  If the in-place strength is predicted from a test of a 50 mm diameter core, the coefficient of variation of the predicted in-place strength is approximately 12.5%.  These error estimates do not account for possible variation of in-place strength throughout the volume of the element being cored. (Author abstract) [References: 23]

DE Concretes.  Regression analysis.  Statistical methods.  Compression testing.  *Compressive strength.

PT Journal Article

LG English

ID In place concrete strengths.  Core strength correction factors.  Weighted regression analysis.  Model error

<4>

AU Bartlett, F Michael.  MacGregor, James G.

TI Statistical analysis of the compressive strength of concrete in structures

SO ACI Materials Journal. v 93 n 2 Mar-Apr 1996. p 158-168

AB The relationship between the in-place compressive strength of concrete in structures and specified strength fc prime is investigated through the use of factors F1 and F2. Factor F1, the ratio of the average strength of standard 28-day-old cylinder specimens to the specified strength, is evaluated using data from 3756 cylinder tests representing 108 concrete mixes produced in Alberta, Canada, between 1988 and 1993.  Factor F2, the ratio of average in-place strength to average cylinder strength, is evaluated using core and cylinder data representing 108 concrete mixes with strengths less than 55 MPa that were investigated by others.  A statistical description of the compressive strength of concrete in structures is derived that accounts for the inherent randomness of Factors F1 and F2 and also the typical strength variation within a specific structure.  The probability of the in-place compressive strength of concrete in a 28-day-old column being less than fc prime is approxim!

ately 13 percent.  It is likely that a recalibration of the load and resistance factors for the design of new structures in Canada based on these findings would yield greater factored concrete strengths than are currently in use. (Author abstract) [References: 39]

DE Statistical methods.  Compressive strength.  Structural design.  Materials testing.  Cylinders (shapes).  Columns (structural).  Probability density function.  *Concretes.

PT Journal Article

LG English

ID Concrete cores.  Load factors.  Specified strength

<5>

AU Bartlett, F Michael.  MacGregor, James G.

IN Univ of Western Ontario, London, Ont, Can

TI Equivalent specified concrete strength from core test data

SO Concrete International. v 17 n 3 Mar 1995. p 52-59

AB A procedure for the determination of concrete strength value from core strength data is described.  The procedure involves (a) planning of the scope of the testing program, (b) procuring and testing of cores, (c) conversion of core strength to equivalent in-place strengths, (d) identification of low outliers in the set of equivalent in-place strengths, and (e) calculation of equivalent specified strength from the in-place strength data. A sample determination using the proposed procedure is presented. [References: 17]

DE Strength of materials.  Core samples.  Structural analysis.  Standards.  Failure (mechanical).  Mathematical models.  Reinforcement.  Drilling.  Probability.  *Concretes.

PT Journal Article

LG English

ID Specified concrete strength.  Core test data.  Core test data analysis.  Core testing program.  In place strengths.  Conversion equation.  Reinforcing bars.  Outliers.  Strength correction factors.  Target safety level

<6>

AU Bartlett, F Michael.  MacGregor, James G.

TI Cores from high-performance concrete beams

SO ACI Materials Journal. v 91 n 6 Nov-Dec 1994. p 567-576

AB An experimental investigation involving 287 concrete core specimens obtained from large beams cast from 45 to 90 MPa (6500 to 13,000 psi) ordinary portland cement concretes is described. The data indicate the effect of variations of core size and test moisture condition on the measured compressive strength of cores from elements made of high-performance concrete. The relationship between the flexural capacity of the beams and the strength of the cores obtained from the beams is investigated. The data indicate that the least-biased estimate of the in situ concrete compressive strength is found by increasing the strength of seated cores by 6 percent to account for damage sustained during drilling of the core. However, a reasonable estimate of the in situ concrete compressive strength may be obtained by correcting the strengths from tests of air-dried or soaked cores to account for both core damage and moisture condition factors. (Author abstract) [References: 18]

DE Supports.  Compressive strength.  Concrete testing.  Core samples.  Moisture.  Portland cement.  *Concrete beams and girders.

PT Journal Article

LG English

ID Concrete cores.  High strength cores.  Core size

<7>

AU Bartlett, F Michael.  MacGregor, James G.

TI Effect of core length-to-diameter ratio on concrete core strengths

SO ACI Materials Journal. v 91 n 4 July-Aug 1994. p 339-348

AB Data are analyzed to determine the effect of the specimen length-to-diameter ratio (l/d) on the magnitude and precision of the compressive strength of concrete cores. The data represent strength tests of 758 core specimens, all 4 in. in diameter, obtained from 10 different elements cast from ordinary portland cement concretes with strengths between 2000 and 14,000 psi. Strength correction factors are determined for converting the strength of a core with an l/d between 1 and 2 to the strength of an equivalent standard specimen with an l/d of 2. The data indicate that both the core moisture condition and the core strength significantly affect the strength correction factors. The proposed strength correction factors differ only slightly from those currently recommended in ASTM C42-90. The single-operator coefficient of variation is found to be independent of the core length-to-diameter ratio. Typical values are 4 percent if the effect of spatial variation of the in situ streng!

th is accounted for, or 5 percent otherwise. (Author abstract) [References: 18]

DE Strength of materials.  Concretes.  Moisture.  Cements.  Data reduction.  Compression testing.  Building codes.  Stress analysis.  Failure (mechanical).  *Concrete testing.

PT Journal Article

LG English

ID Concrete cores.  Compressive strength.  Length to diameter ratio.  Strength correction factors

<8>

AU Bartlett, F Michael.  MacGregor, James G.

TI Effect of moisture condition on concrete core strengths

SO ACI Materials Journal. v 91 n 3 May-Jun 1994. p 227-236

AB In accordance with the provisions of ASTM C 42-90 and ACI 318-89, it is current practice to either dry concrete core specimens in air for 7 days or soak them in lime-saturated water for at least 40 hr before they are tested. In this paper, the effect of moisture condition on the strengths of mature cores obtained from well-cured elements is investigated by reviewing available literature and performing regression analyses of data from tests of 727 core specimens. It is shown that the compressive strength of a concrete specimen is influenced both by moisture content changes that are uniform throughout the specimen volume and moisture content gradients between the surface of the specimen and interior. The air-drying and soaking periods specified in ASTM C 42-90 and ACI 318-89 are too short to cause a uniform change of moisture content throughout the volume of the core. The effect of these treatments is to create a moisture gradient that artificially biases the test result. The!

 strength of air-dried cores is on average 14 percent larger than the strength of soaked cores. The strength of cores with a negligible moisture gradient is on average 9 percent larger than the strength of soaked cores. These general average values are constant for concretes with strengths ranging from 2200 to 13,400 psi. However, the strength ratios for any particular mix may differ appreciably from these general average values. (Author abstract) [References: 20]

DE Concretes.  Codes (standards).  Materials testing.  Regression analysis.  Curing.  Evaluation.  Drying.  Wetting.  *Strength of materials.

PT Journal Article

LG English

ID Moisture condition effect.  Concrete core strength.  Dry concrete core.  Lime saturated water.  Compressive strength.  Moisture content gradient

<9>

AU Bartlett, F Michael.  Sexsmith, Robert G.

IN Buckland and Taylor Ltd, North Vancouver, BC, Can

TI Bayesian technique for evaluation of material strengths in existing bridges.

SO ACI Materials Journal. v 88 n 2 Mar-Apr 1991 p 164-169

AB The 1990 version of Clause 12 'Existing Bridge Evaluation' of CAN/CSA-S6 'Design of Highway Bridges' permits the evaluator to assess the material grade in an existing bridge using a simple Bayesian technique. Bayesian techniques are compatible with familiar decision-making strategies and are useful when decisions must be made on the basis of limited information. This paper presents background information for the evaluator who may be unfamiliar with Bayesian techniques. The basic workings are explained through a simple example. Sources of error in Bayesian techniques are flagged and discussed. (Author abstract) [References: 12]

DE Concrete - Mechanical Properties.  Statistical methods - .  Mathematical techniques - Error Analysis.  Structural design - Canada.  *Bridges, Concrete - Structural Analysis.

PT Journal Article

LG English

ID BAYESIAN TECHNIQUES.  CANADIAN STANDARDS

<10>

AU Buckland, Peter G.  Bartlett, F Michael.  Watts, Ralph D.

IN Buckland & Taylor Ltd, North Vancouver, BC, Can

TI Practical design of holes in steel webs.

SO Canadian Journal of Civil Engineering. v 15 n 3 Jun 1988 p 456-469

AB Solutions are presented for the design of reinforcement for a wide range of holes in steel webs. Methods are derived for situations not covered in available published literature. Both elastic and plastic solutions are given for round holes, either unreinforced or reinforced with doubler or tripler plates. Welds and web stability are considered. A solution is given for small holes and a comparison is made with the recent research. For noncircular holes Vierendeel and finite element analyses are discussed, as well as a plastic analysis of rectangular doubler plates. Five methods of dealing with multiple holes in a web panel are presented, each appropriate for different circumstances: elastic analysis, Vierendeel action, plastic summation, the use of stiffeners for 'trussing', and the powerful 'checkerboard' technique. It is found that reliance on the ductility of steel has considerable advantages. Fatigue is considered. The methods are appropriate for square or rectangular we!

b panels with central or noncentral holes subjected to any applied in-plane stresses. (Author abstract) [References: 13]

DE Steel structures - Stresses.  Structural analysis - .  Elasticity - .  Plasticity - .  *Beams and girders - Structural Design.

PT Journal Article

LG English

ID STEEL WEBS
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