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             Merchant-Rankine Approach to Plate Girders 

                              Hiroyuki SHIOMI* 

                              (Received April 30, 1980) 

                 This report is intended to extend the Merchant-Rankine formula 

             for evaluation of the ultimate strength of plate girders. The reviewed 

             experimental values which are compared with this extended formula 

             (M.R type formula) are 91 test girders in bending and 51 in shear, 
             respectively. The system factors in the M.R type formula are given by 

             the statistical analysis, which well explained the mean and lower 

             boundary of the experimental values, and this formula also compared 

             with the others. 

1. Introduction 

   When the experimental values of the ultimate strength of the steel structural 

member are expressed in the orthogonal coordinate system with the buckling parameter 

as the abscissa and the ultimate strength as the ordinate, they closely approximate 

the elastic buckling curve or the postbuckling curve in the elastic range. When the 

buckling parameter is closer to zero, they belong to the plastic strength or the yield 

strength. In the inelastic range, they obey a certain transition curve. For this curve, 

for example, the well known formulas of Rankine-Goldon, Tetmajer and Johnson 

have been used many times in the past to suggest the ultimate strength of columns. 

   The same familiar types of Rankine-Goldon formulas have been employed to 

estimate the instability of beams. These curves are expressed as simple equations, 

and the yield strength point and the elastic buckling curve can be smoothly conjoined. 

Moreover, it is considered that these formulas can be applied for the ultimate 

strength of the others. The Merchant-Rankine (M.R) formula which was proposed 

 in the study on the instability of simple frames is a kind of Rankine-Goldon formula'. 

   The purpose of this paper is to propose the M.R type formula for the ultimate 

strength of plate girders. 

2. M.R Type Formula 

   The Merchant-Rankine formula is indicated as following, 

1 1  ,  1.........(1) 
Xf XP  Ac 

Indeed, this formula may be written 
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                     λア＿  1
                       一                           （2）
                    λカ   1＋λカ／λo

where入∫＝fai1ure1oad一，λカニp1astic1oad，andλ。＝e1astic buck1ing1oad．

   Since C．Massey proposed to introduce the idea of the system factor2〕，Eq．（2）

was recent1y extended to Eq．（3）

                    λア      β
                    λカ＝     ユ            （3）
                          〔1＋α（λカ／λo）カ〕カ

where p＝system factor，andα，β＝corrective coefficient．

   Above demonstration is due to K16ppe1－Unger8〕and Dja1a1y4）．The proposed ECCS

formu1a目〕is a1so simi1ar to Eq．（3）．

   In the fie1d of co1u．mn study，D．A11en extended this formu1a to the case of

interaction between overa11and1oca1buck1ing of co1um耐〕．The ECCS Mu1tip1e

Co1umn Curves wi11be expressed as M．R type formu1a per DIN41147〕．

   The authors app1ied the M．R type formu1a for the u1timate strength of the

stiffened and unstiffened p1ates8〕．

3．M．R Type Formu1a．Approa．ch to P1ate Girders

  ＿P1ate Girders under Bending－

   The co11apse of p1ate girders under bending may be c1assified a㏄ording to the

fo1Iowing three buck1ing types of the compression f1ange． （1）Latera1buck1ing，（2）

torsiona1buckIing，and（3）vertica1buck1ing．Equation（4）shows the M．R type formuIa

as app1ied to p1ate girders under bending．

                                       1

                    捺一／1＋（点）・カ〕万    ・（・）

・・ @  （鉗・（α・鉗一1    ・（・）

・・…  λ一・肌・弘一2≠3（多）・σ・／亙  （・）

                    lllf”十舳／亙｛12（1イ）／尾㍗二1…・・…・（・）（・）

in which M。＝u1timate bending moment，M戸yie1d bend．ing moment，M、＝e1astic

buck1ing moment（1atera1buck1ing moment），Zo／ろ∫＝ratio of the distance between the

fixed points of p1ate girders，σ〃，σ〃＝yie1d stress of the f1ange and web p1ates，

respective1y，尻／fm＝width－thickness ratio of the web pane1，and尾＝buck1ing coefficient

of the web pane1mder pure bending with simpIy supported boundary condition．

   Equation （4－a）means thatλ，expressed by Eq．（4－c），contro1s the u工timate

strength of p1ate girders under bending，and RM，expressed by Eq． （4－d），is a

corrective coefficient forλ．In other words，RM aff㏄ts the u1timate strength on1y

in the casθwhere RM＞1as the1oca1buck1ing of p1ate girders．

   It is here considered that the web buck1ing does not occur in p1ate gird．ers with

a horizonta1stiffener．

                                    （2）            Memoirs of Chubu
                                                           Institute of Techm1ogy
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   The number of reviewed test p1ate girdersg〕一ユ1〕swened to9ユin which3ユp1ate

girders with a horizonta1stiffener were inc1uded，but the data were omitted in

which torsiona1buck1ing of the compression f1ange p1ate may o㏄ur because児＞0．7．

   Figures1and－2show the p1otted test resu1ts for p1ate girders under bending．

Figure2 d－iffers from Fig．1on1y as to the parameter of the abscissa．The scatter
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of the test points was ana1yzed from a statistica1point of view，giving the experi－

menta1means and means minus twice the standard deviations and the corresponding

coefficient of variation．The test resu1ts are a1so compared with the proposed design

formu1a of the M．R type in Eq．（4－a）．

   The sing1e va1ue力＝2．O was chosen in Eqs，（4－a）and（b）to ensure the resu1ting

design curve corresponds to the mean va1ue by the regression ana1ysis．

   The same fami1iar formuIa of Eq．（4－b）is proposed as Eq．（5），which takes into

account the effect1ve range of▽（ア＝〉αMλ）

                     絵…（α・鉗一1     ・（・）

   A1though the constant va1ueσ＝2．0was chosen in Eq．（5）to exp1ain the mean

va1ues，it is not suitab1e for comparison with力＝2．0 in Eqs．（4－a）and（b）as shown

in Tab1e1．The va1ue q＝0．3may be chosen a suitab1e va1ue to we11exp1ain the

1ower boundary．

                  Tab1e1 Comparison of Proposed Formu1a with Others

                          from Statistica1Ana1ysis（in Bending）

Proposed
eormu1a

Number of
sest Girders

System
eactor

Mean
iex／th）

Standard
ceviation

Coefficient
盾?Variation

Eq．（4－a） 9ユ 2．O ユ．0ユエ 0．ユ45 O．143

Eq．（5） 9ユ 2．0 1．413 0．495 0．350

Cooper 89
一

ユ．Oユ7
一

O．ユ30

Herzog 84
凹

1．080
一

O．ユエ7

Owen－Rockey 67
凹

1．007
■

0．ユ22

   The resu1ts of ana1ysis from the statistica1viewpoint of other proposed formu1asユ2〕

such as those of Cooper，Herzog and Owen－Rockey are a1so shown in Tab1e1．The

a㏄uracy of the M．R type formu1a does not compare unfavorab1y with other proposed

formu1as．

  ＿P1ate Girders under Shear＿

   The proposed M．R type formu1a is shown be1ow as app1ied to p1ate girders mder

shear．

                                        1
                     手1－／、十（点田）・カ〕万    ・（・）

Or
（手1）カ・（峠）㌧・ ・（b）

wh。。。    R”一市／γ色一ゐ〉σツ、／（灯亙）／12（1イ）／㈹ （。）
                                  宕ω

                      1一γ一灯！1＋4λ。戸／（λ・五、）／    （d）

                     α〃

in whichλ。∫，λω＝cross sectiona1area of the f1ange and web，respective1y，λ＝cross

sectiona1area of p1ate girders，后＝buck1ing coefficient of the fixed pane1under shear，

                                     （4）           Memoirs of Chubu
                                                             Institute of Techno1ogy
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and the fo11owing approximate expression is used18〕．

                后二8．98＋5．6／α∫2 α。≧ユ

                冶＝5．6＋8．98／α∫2 α。≦；1
・・ ie）   （6）
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whereα、＝aspect ratio of the web pane1．

   The corrective coefficientα田in Eq．

（6－d）means to take into a㏄ount the

area ratio of the compression f1ange to

the web．

   The57test resu1ts10〕which Hasegawa

et a1．obtained from the papers of Bas1er，

Cooper，etc．are shown in Fig．3． The

corre1ation of γ〃／γカ and α。・γ〃／γ、 is

shown in Fig．4．The system factor

ヵ＝ユ．3in Eqs．（6＿a）and（b）exp1ains the

mean va1ue as shown in Fig．3or4．

   The fo11owing exprssion is proposed

to the1ower boundary as shown by a

dotted1ine in Figs．3and4．
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   Tab1e2shows the comparison with the M．R type formu1a and the other ones・・〕

which were proposed by Bas1er and Rockey－Ska1oud．The mean va1ue is exp1ained

very we11by the M．R type forn1u1a rather than the other ones．

Ta．b1e2 Comparison of Proposed Formu1a with Others

from Statistica1Ana1ysis（in Shear）

Proposed
eormu1a

Number of
sest Girders

System
eactor

Mean
iex／th）

Standard
ceviation

Coefficient
盾?Variation

Eq．（6－a） 57 ユ．3 1．000 O．200 O．200

Bas1er 57
一

1，020 0．268 0．262

Rockey－Ska1oud 57
一

1．ユ30 0．44ユ 0．390

4． Conc1usion

   The M．R type formu1a discussed above is rearranged into the fo11owing expression

for the estimation of the u1timate strength of the stee1structura1member．

                     （美1）カ・β（α実1）㌧1     ・（・）

in which力，q andα，βare the system factors and the corrective coefficints，respec－

tive1y．They are summarized for the case of p1ate girders in Tab1e3．

Tab1e3 Summarized Coefficient for P1ate Girders in Eq（8）

P1ate Girders P q β      α 〉λ力／λ。

under

aending

Mean 2．0 2．0 ユ．0 αM；Eq．（4－d） ソMツ／M、；Eq．（4一・）

Lower Bound 1．O O．3 0．5 αM；Eq．（4－d） 〉Mツ／M、；Eq．（4一・）

under

rhear

Mean 1．3 ユ．3 1．O α。；Eq．（6－d） 〉γカ／γ色；Eq．（6一・）

Lower Bound 1．0 O．5 O．85 α田；Eq．（6－d） 〉γカ／γ色；Eq．（6一・）
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