






[image: PDFHALL.COM]






Menu





	 maison
	 Ajouter le document
	 Signe
	 Créer un compte







































Advanced Mathematics and Mechanics Applications Using

ate engineering courses. However, simple analyses presented in standard ..... 72: N1=36; N2=72; N3=36;. 73: x1=linspace( 0, 36,N1); y1=(x1-h1).^2/a+k;. 74:. 

















 Télécharger le PDF 






 264KB taille
 23 téléchargements
 378 vues






 commentaire





 Report
























Chapter 11 Bending Analysis of Beams of General Cross Section



11.1 Introduction Elastic beams are important components in many types of structures. Consequently methods to analyze the shear, moment, slope, and deßection in beams with complex loading and general cross section variation are of signiÞcant interest. A typical beam of the type considered is shown in Figure 11.1. The study of Euler beam theory is generally regarded as an elementary topic dealt with in undergraduate engineering courses. However, simple analyses presented in standard textbooks usually do not reveal difÞculties encountered with statically indeterminate problems and general geometries [115]. Finite element approximations intended to handle arbitrary problems typically assume a piecewise constant depth proÞle and a piecewise cubic transverse deßection curve. This contradicts even simple instances such as a constant depth beam subjected to a linearly varying distributed load which actually leads to a deßection curve which is a Þfth order polynomial. Exact solutions of more involved problems where the beam depth changes linearly, for example, are more complicated. Therefore, an exact analysis of the beam problem is desirable to handle depth variation, a combination of concentrated and distributed loads, and static indeterminacy providing for general end conditions and multiple in-span supports. The current formulation considers a beam carrying any number of concentrated loads and linearly varying distributed loads. The equations for the shear and moment in the beam are obtained explicitly. Expressions for slope and deßection are formulated for evaluation by numerical integration allowing as many integration steps as necessary to achieve high accuracy. A set of simultaneous equations imposing desired constraints at the beam ends and at supports is solved for support reactions and any unknown end conditions. Knowledge of these quantities then allows evaluation of internal load and deformation quantities throughout the beam. The analytical formulation is implemented in a program using a concise problem deÞnition specifying all loading, geometry, and constraint conditions without reference to beam elements or nodal points as might be typical in a Þnite element formulation. The program and example problem are discussed next.
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Figure 11.1: General Beam



11.1.1 Analytical Formulation Solution of beam problems utilizes some mathematical idealizations such as a concentrated load, which implies inÞnite load intensity acting over an inÞnitesimal area. Also of importance are linearly varying distributed loads, or ramp loads. Treatment of these entities is facilitated by use of singularity functions [9]. The singularity function of order n is denoted by < x − x 0 >n and is deÞned as  0, x < x0 n < x − x0 > = n (x − x0 ) x ≥ x0 . For n ≥ 0, the function satisÞes  x < x − x0 >n+1 . < x − x0 >n dx = n+1 0 The special case where n = −1 is appropriate for describing a concentrated load. The term < x − x0 >−1 means the limit as  → 0 of the following function   0 x < x0 , < x − x0 >−1 = 1 x0 ≤ x ≤ (x0 + ),   0 x > (x0 + ). Consequently, in the limit as  approaches zero the integral becomes  x < x − x0 >−1 dx = < x − x0 >0 . 0



Analyzing the loads and deformations in the beam requires computation of the shear, moment, slope, and deßection designated as v(x), m(x), y  (x), and y(x). The beam lies in the range 0 ≤ x ≤ L. A total of four end conditions are imposed at x = 0 and x = L. Normally, two conditions will be speciÞed at each end; so, two unknown conditions applicable at x = 0 need to be found during the solution process. Along with the end conditions, interior supports may exist at x = r  , 1 ≤  ≤ Ns . Displacements y will occur at supports, and the reactions R  , as well as four end
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conditions, needed to cause the deßections will have to be determined during the analysis. Within the beam span, the applied loading will consist of known external loads described as we (x) and the support reactions. Fundamentals of Euler beam theory developed in standard textbooks [9, 102] imply the following differential and integral relations: I) Load Ns 



v  (x) = we (x) +



R < x − r >−1 ;



=1



II) Shear v(x) = v0 + ve (x) +



Ns 



R < x − r >0 ,



=1



 ve (x) =



x 0



we (x) dx;



III) Moment and Second Derivative m (x) = v, Ns 



m(x) = m0 + v0 x + me (x) +



R < x − r >1 ;



=1



 me (x) =



x



0



ve (x) dx,



 



y (x) = k(x) m0 + v0 x + me (x) +



Ns 



 R < x − r >



1



,



=1



k(x) =



1 ; E(x) I(x)



IV) Slope 



y (x) =







y0



+ m0







x



0



0







x



k(x) dx + v0



k(x) me (x) dx +
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Ns  =1



x



x k(x) dx + 0



R



 0



x



< x − r >1 k(x) dx;



V) Deßection y(x) = y0 + y0 x + m0  v0 Ns 



x











x







x



k(x) dx dx + 0



0







x







x



x



x k(x) dx dx + 0



0







R



x



0



=1



0







x



0



k(x) me (x) dx dx +



0



< x − r >1 k(x) dx dx



where E(x)I(x) is the product of the Young’s modulus and the cross section moment of inertia, y 0 , y0 , v0 , m0 , are the left-end values of the deßection, slope, shear and moment respectively. The property k(x) will be spatially variable unless EI is constant, which yields the following simple formulas EIy  (x) = EIy0 + m0 x + EIy(x) = EI (y0 +



y0 x)



v0 x2 + 2



 0



s 1 R < x − r >2 , 2 =1



N



x



me (x) dx +



2



v0 x3 m0 x + + + 2 6



 0



x







x



0



me (x) dx dx+



s 1 R < x − r >3 . 6 =1



N



The external loading conditions employed here can handle most practical situations. It is assumed that several concentrated loads F  act at positions f , 1 ≤  ≤ Nf . Distributed loads are described by linearly varying ramp loads. A typical ramp load starts at position p with intensity P and varies linearly to magnitude Q  at position q . The ramp load is zero unless p  ≤ x ≤ q . A total of Nr ramp loads may be present. Instances where P  = Q can also occur, implying a uniformly distributed load. The general external loading chosen can be represented as



we (x) =



Nf 



F < x − f >−1 +



=1 Nr   P < x − p >0 −Q < x − q >0 + =1



S < x − p >1 − < x − q >1 where S =
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Q − P q − p



!



and each summation extends over the complete range of pertinent values. Similarly, integration using the properties of singularity functions yields ve (x) =



Nf 



F < x − f >0 +



=1 Nr  



P < x − p >1 −Q < x − q >1 +



=1



! S < x − p >2 − < x − q >2 ] 2



and me (x) =



Nf 



F < x − f >1 +



=1



Nr  P =1



S 6



Q < x − q >2 + 2



! < x − p >3 − < x − q >3 . 2



< x − p > 2 −



The single and double integrals given earlier involving m e (x) and k(x) can easily be evaluated exactly when EI is constant, but these are not needed here. Since k(x) will generally be spatially variable in the target problem set, the integrations to compute y  (x) and y(x) are best performed numerically. Leaving the number of integration increments as an independent parameter allows high accuracy evaluation of all integrals whenever this is desirable. Typically, problems using several hundred integration points only require a few seconds to solve using a personal computer. Completing the problem solution requires formulations and solution of a system of simultaneous equations involving v 0 , m0 , y0 , y0 , R1 , . . ., RNs . The desired equations are created by specifying the displacement constraints at the supports, as well as four of eight possible end conditions. To present the equations more concisely the following notation is adopted:  x  x x k(x) dx = K1 (x) , k(x) dx dx = K2 (x), 0  x 0 x 0 x x k(x) dx = L1 (x) , x k(x) dx dx = L2 (x), 0 0 x 0 x  x me (x) k(x) dx = I1 (x) , me (x) k(x) dx dx = I2 (x), 0 0 0  x < x − r >1 k(x) dx = J1 (x, r ) 0  x x < x − r >1 k(x) dx dx = J2 (x, r ), 0



0
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and it is evident from their deÞnitions that both J 1 (x, r ) and J2 (x, r ) both equal zero for x ≤ r . At a typical support location r ı , the deßection will have an imposed value y ı . Consequently, the displacement constraints require y0 + rı y0 + K2 (rı ) m0 + L2 (rı ) v0 +



Ns 



J2 (rı , r ) R = yı − I2 (rı )



=ı+1



for 1 ≤ ı ≤ Ns . The remaining four end conditions can specify any legitimate combination of conditions yielding a unique solution. For example, a beam cantilevered at x = 0 and pin supported at x = L would require y(0) = 0, y  (0) = 0, m(L) = 0, and y(L) = 0. In general, conditions imposed at x = 0 have an obvious form since only v0 , m0 , y0 , or y0 are explicitly involved. To illustrate a typical right end condition, let us choose slope, for example. This yields y0 + y0 + K1 (L) m0 + L1 (L) v0 +



Ns 



J1 (L, r ) R = y  (L) − I1 (L).



=1



Equations for other end conditions have similar form, and all eight possibilities are implemented in the computer program listed at the end of the chapter. Once the reactions and any initially unknown left-end conditions have been determined, load and deformation quantities anywhere in the beam can be readily found.



11.1.2 Program to Analyze Beams of General Cross Section A program to solve general beam problems was written which tabulates and plots the shear, moment, slope, and deßection. The driver program vdb deÞnes the data, calls the analysis functions, and outputs the results. Six functions that implement the methods given in this section were written. Understanding the program details can best be achieved by studying the code closely. The program was checked extensively using examples from several texts and reference books. The three span beam having parabolically tapered haunches shown in Figure 11.2 was analyzed previously by Arbabi and Li [5]. The program vdb was used to analyze the same problem and produces the results in Figure 11.3, which agree well with the paper. We believe that the computer program is general enough to handle a wide variety of practical problems. Some readers may want to extend the program by adding interactive input or input from a data Þle. Such a modiÞcation is straightforward.



11.1.3 Program Output and Code Output from Arbabi and Li Example Analysis of a Variable Depth Elastic Beam ----------------------------------------Title: Problem from Arbabi and Li
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Figure 11.2: Parabolic Beam from Arbabi and Li
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Figure 11.3: Results for Arbabi and Li Example
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3



Beam Length: 3 Number of integration segments: 301 Print frequency for results: 10 Interior Supports: (2) | # X-location Deflection | --- ------------ -----------| 1 1.0000e+000 0.0000e+000 | 2 2.0000e+000 0.0000e+000 Concentrated Forces: (1) | # X-location Force | --- ------------ -----------| 1 5.0000e-001 -1.0000e+000 Ramp loads: (1) | # X-start Load X-end Load | --- ------------ ------------ ------------ -----------| 1 1.0000e+000 -1.0000e+000 2.0000e+000 -1.0000e+000 End | | | | | |



conditions: End Function ------ ---------left slope left deflection right slope right deflection



Value -----------0.0000e+000 0.0000e+000 0.0000e+000 0.0000e+000



EI values are specified | # X-start EI-value | --- ------------ -----------| 1 0.0000e+000 7.9976e+000 | 2 1.0101e-002 7.5273e+000 | 3 2.0202e-002 7.0848e+000 | 4 3.0303e-002 6.6688e+000 | 5 4.0404e-002 6.2776e+000 Material deleted for publication | | | | |



296 297 298 299 300



2.9596e+000 2.9697e+000 2.9798e+000 2.9899e+000 3.0000e+000



6.2776e+000 6.6688e+000 7.0848e+000 7.5273e+000 7.9976e+000



Solution time was 0.55 secs. Reactions at Internal Supports: | X-location Reaction | ------------ -----------| 1 1.0782e+000 | 2 4.7506e-001 Table of Results:
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| X-location Shear Moment Theta Delta | ----------- ------------ ------------ ------------ -----------| 0 5.2494e-001 -1.7415e-001 0.0000e+000 0.0000e+000 | 0.1 5.2494e-001 -1.2166e-001 -2.4859e-003 -1.1943e-004 | 0.2 5.2494e-001 -6.9164e-002 -5.3262e-003 -5.0996e-004 | 0.3 5.2494e-001 -1.6670e-002 -7.4251e-003 -1.1612e-003 | 0.4 5.2494e-001 3.5824e-002 -6.5761e-003 -1.8965e-003 | 0.5 -4.7506e-001 8.8318e-002 -5.5680e-004 -2.3003e-003 | 0.6 -4.7506e-001 4.0812e-002 5.6976e-003 -1.9998e-003 | 0.7 -4.7506e-001 -6.6940e-003 7.1119e-003 -1.3258e-003 | 0.8 -4.7506e-001 -5.4200e-002 5.6441e-003 -6.7385e-004 | 0.9 -4.7506e-001 -1.0171e-001 3.3302e-003 -2.2402e-004 | 1 6.0309e-001 -1.4921e-001 1.2242e-003 -2.4286e-017 | 1.1 5.0309e-001 -9.3903e-002 -7.9439e-004 2.3707e-005 | 1.2 4.0309e-001 -4.8593e-002 -2.8814e-003 -1.6165e-004 | 1.3 3.0309e-001 -1.3284e-002 -4.3574e-003 -5.3250e-004 | 1.4 2.0309e-001 1.2025e-002 -4.2883e-003 -9.8078e-004 | 1.5 1.0309e-001 2.7334e-002 -2.3015e-003 -1.3242e-003 | 1.6 3.0918e-003 3.2643e-002 6.5694e-004 -1.4078e-003 | 1.7 -9.6908e-002 2.7953e-002 3.0625e-003 -1.2125e-003 | 1.8 -1.9691e-001 1.3262e-002 4.1954e-003 -8.3907e-004 | 1.9 -2.9691e-001 -1.1429e-002 4.2843e-003 -4.0860e-004 | 2 7.8151e-002 -4.6120e-002 3.8358e-003 -1.1102e-016 | 2.1 7.8151e-002 -3.8305e-002 3.1202e-003 3.5021e-004 | 2.2 7.8151e-002 -3.0490e-002 2.0801e-003 6.1308e-004 | 2.3 7.8151e-002 -2.2675e-002 7.2881e-004 7.5555e-004 | 2.4 7.8151e-002 -1.4860e-002 -6.9898e-004 7.5597e-004 | 2.5 7.8151e-002 -7.0445e-003 -1.7447e-003 6.2865e-004 | 2.6 7.8151e-002 7.7058e-004 -2.0539e-003 4.3228e-004 | 2.7 7.8151e-002 8.5857e-003 -1.7105e-003 2.4008e-004 | 2.8 7.8151e-002 1.6401e-002 -1.0840e-003 9.9549e-005 | 2.9 7.8151e-002 2.4216e-002 -4.7454e-004 2.2493e-005 | 3 7.8151e-002 3.2031e-002 -4.4409e-016 -2.2204e-016



Variable Depth Beam Program



1: 2: 3: 4: 5: 6: 7: 8: 9: 10: 11: 12: 13: 14:



function vdb % Example: vdb % ~~~~~~~~~~~~ % % This program calculates the shear, moment, % slope, and deflection of a variable depth % indeterminate beam subjected to complex % loading and general end conditions. The % input data are defined in the program % statements below. % % User m functions required: % bmvardep, extload, lintrp, oneovrei, % sngf, trapsum
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15: 16: 17: 18: 19: 20: 21: 22: 23: 24: 25: 26: 27: 28: 29: 30: 31: 32: 33: 34: 35: 36: 37: 38: 39: 40: 41: 42: 43: 44: 45: 46: 47: 48: 49: 50: 51: 52: 53: 54: 55: 56: 57: 58: 59:



clear all; Problem=1; if Problem == 1 Title=[’Problem from Arbabi and Li’]; Printout=10; % Output frequency BeamLength=3; % Beam length NoSegs=301; % # of beam divisions for % integration % External concentrated loads and location ExtForce= [-1]; ExtForceX=[.5]; % External ramp loads and range % q1 q2 x1 x2 ExtRamp=[-1 -1 1 2]; % Interior supports: initial displacement % and location IntSupX= [1; 2]; IntSupDelta=[0; 0]; % End (left and right) conditions EndCondVal= [0; 0; 0; 0]; % magnitude % 1=shear,2=moment,3=slope,4=delta EndCondFunc=[3; 4; 3; 4]; % 1=left end,2=right end EndCondEnd= [1; 1; 2; 2]; % EI or beam depth specification EIorDepth=1; % 1=EI values specified % 2=depth values specified if EIorDepth == 1 % Discretize the parabolic haunch for the % three spans Width=1; E=1; a=0.5^2; Npts=100; h1=0.5; k1=1; x1=linspace(0,1,Npts); h2=1.5; k2=1; x2=linspace(1,2,Npts); h3=2.5; k3=1; x3=linspace(2,3,Npts); y1=(x1-h1).^2/a+k1; y2=(x2-h2).^2/a+k2; y3=(x3-h3).^2/a+k3; EIx=[x1 x2 x3]’; h=[y1 y2 y3]’; EIvalue=E*Width/12*h.^3; mn=min(EIvalue); EIvalue=EIvalue./mn; else % Beam width and Young’s modulus BeamWidth=[]; BeamE=[]; Depth=[]; DepthX=[]; end elseif Problem == 2 Title=[’From Timoshenko and Young,’, ... ’ p 434, haunch beam’]; Printout=12; NoSegs=144*4+1; BeamLength=144;
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60: 61: 62: 63: 64: 65: 66: 67: 68: 69: 70: 71: 72: 73: 74: 75: 76: 77: 78: 79: 80: 81: 82: 83: 84: 85: 86: 87: 88:



ExtForce=[]; ExtForceX=[]; ExtRamp=[-1 -1 0 108]; IntSupX=[36; 108]; IntSupDelta=[0; 0]; EndCondVal=[0; 0; 0; 0]; EndCondFunc=[2; 4; 2; 4]; EndCondEnd= [1; 1; 2; 2]; EIorDepth=2; if EIorDepth == 1 EIvalue=[]; EIx=[]; else BeamWidth=[1]; BeamE=[1]; % Discretize the parabolic sections a=36^2/5; k=2.5; h1=0; h2=72; h3=144; N1=36; N2=72; N3=36; x1=linspace( 0, 36,N1); y1=(x1-h1).^2/a+k; x2=linspace( 36,108,N2); y2=(x2-h2).^2/a+k; x3=linspace(108,144,N3); y3=(x3-h3).^2/a+k; Depth=[y1 y2 y3]’; DepthX=[x1 x2 x3]’; % Comparison values I=BeamWidth*Depth.^3/12; Imin=min(I); L1=36; k1=BeamE*Imin/L1; k2=k1/2; k3=k1; t0=10.46/k1; t1=15.33/k1; t2=22.24/k1; t3=27.95/k1; fprintf(’\n\nValues from reference’); fprintf(’\n Theta (x= 0): %12.4e’,t0); fprintf(’\n Theta (x= 36): %12.4e’,t1); fprintf(’\n Theta (x=108): %12.4e’,t2); fprintf(’\n Theta (x=144): %12.4e\n’,t3); end end



89: 90: 91: 92: 93: 94: 95: 96: 97: 98: 99: 100: 101: 102: 103: 104:



% Load input parameters into matrices Force=[ExtForce,ExtForceX]; NoExtForce=length(ExtForce); [NoExtRamp,ncol]=size(ExtRamp); IntSup=[IntSupDelta,IntSupX]; NoIntSup=length(IntSupX); EndCond=[EndCondVal,EndCondFunc,EndCondEnd]; if EIorDepth == 1 BeamProp=[]; NoEIorDepths=length(EIx); EIdata=[EIvalue EIx]; else BeamProp=[BeamWidth BeamE]; NoEIorDepths=length(DepthX); EIdata=[Depth DepthX]; end
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105: 106:



% more on



107: 108: 109: 110: 111: 112: 113: 114: 115: 116: 117: 118: 119: 120: 121: 122: 123: 124: 125: 126: 127: 128: 129: 130: 131: 132: 133: 134: 135: 136: 137: 138: 139: 140: 141: 142: 143: 144: 145: 146: 147: 148: 149:



% Output input data label1=[’shear ’;’moment ’; ... ’slope ’;’deflection’]; label2=[’left ’;’right ’]; fprintf(’\n\nAnalysis of a Variable Depth ’); fprintf(’Elastic Beam’); fprintf(’\n--------------------------------’); fprintf(’---------’); fprintf(’\n\n’); disp([’Title: ’ Title]); fprintf... (’\nBeam Length: %g’, ... BeamLength); fprintf... (’\nNumber of integration segments: %g’, ... NoSegs); fprintf... (’\nPrint frequency for results: %g’, ... Printout); fprintf(’\n\nInterior Supports: (%g)’, ... NoIntSup); if NoIntSup > 0 fprintf(’\n | # X-location Deflection’); fprintf(’\n | --- ------------ ------------’); for i=1:NoIntSup fprintf(’\n |%4.0f %12.4e %12.4e’, ... i,IntSup(i,2),IntSup(i,1)); end end fprintf(’\n\nConcentrated Forces: (%g)’, ... NoExtForce); if NoExtForce > 0 fprintf(’\n | # X-location Force’); fprintf(’\n | --- ------------ ------------’); for i=1:NoExtForce fprintf(’\n |%4.0f %12.4e %12.4e’, ... i,Force(i,2),Force(i,1)); end end fprintf(’\n\nRamp loads: (%g)’, NoExtRamp); if NoExtRamp > 0 fprintf(’\n | # X-start Load’);
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150: 151: 152: 153: 154: 155: 156: 157: 158: 159: 160: 161: 162: 163: 164: 165: 166: 167: 168: 169: 170: 171: 172: 173: 174: 175: 176: 177: 178: 179: 180: 181: 182: 183: 184: 185: 186: 187: 188: 189: 190: 191: 192:



fprintf(’ X-end Load’); fprintf(’\n | --- ------------ ------------’); fprintf(’ ------------ ------------’); for i=1:NoExtRamp fprintf(’\n |%4.0f %12.4e %12.4e ’, ... i,ExtRamp(i,3),ExtRamp(i,1)); fprintf(’%12.4e %12.4e’, ... ExtRamp(i,4),ExtRamp(i,2)); end end fprintf(’\n\nEnd conditions:’); fprintf(’\n | End Function Value’); fprintf(’\n ’); fprintf(’| ------ ---------- ------------\n’); for i=1:4 j=EndCond(i,3); k=EndCond(i,2); strg=sprintf(’ %12.4e’,EndCond(i,1)); disp([’ | ’ label2(j,:) label1(k,:) strg]); end if EIorDepth == 1 fprintf(’\nEI values are specified’); fprintf(’\n | # X-start EI-value’) fprintf(’\n | --- ------------ ------------’); for i=1:NoEIorDepths fprintf(’\n |%4.0f %12.4e %12.4e’, ... i,EIdata(i,2),EIdata(i,1)); end else fprintf(’\nDepth values are specified for ’); fprintf(’rectangular cross section’); fprintf(’\n | Beam width: %12.4e’, ... BeamProp(1)); fprintf(’\n | Young’’s modulus: %12.4e’, ... BeamProp(2)); fprintf(’\n |’); fprintf(’\n | # X-start Depth’) fprintf(’\n | --- ------------ ------------’); for i=1:NoEIorDepths fprintf(’\n |%4.0f %12.4e %12.4e’, ... i,EIdata(i,2),EIdata(i,1)); end end disp(’ ’);



193: 194:



% Begin analysis
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195: 196: 197: 198: 199:



x=linspace(0,BeamLength,NoSegs)’; t=clock; [V,M,Theta,Delta,Reactions]= ... bmvardep(NoSegs,BeamLength,Force,ExtRamp, ... EndCond,IntSup,EIdata,BeamProp); t=etime(clock,t);



200: 201: 202: 203: 204: 205: 206: 207: 208: 209: 210: 211: 212: 213: 214: 215: 216: 217: 218: 219: 220: 221: 222: 223: 224: 225: 226: 227: 228: 229: 230: 231: 232: 233: 234: 235: 236: 237: 238: 239:



% Output results disp(’ ’); disp([’Solution time was ’,num2str(t),’ secs.’]); if NoIntSup > 0 fprintf(’\nReactions at Internal Supports:’); fprintf(’\n | X-location Reaction’); fprintf(’\n | ------------ ------------’); for i=1:NoIntSup fprintf(’\n | %12.8g %12.4e’, ... IntSup(i,2),Reactions(i)); end end fprintf(’\n\nTable of Results:’); fprintf(’\n | X-location Shear’); fprintf(’ Moment’); fprintf(’ Theta Delta’); fprintf(’\n | ----------- ------------ ’); fprintf(’------------’); fprintf(’ ------------ ------------’); if Printout > 0 for i=1:Printout:NoSegs fprintf(’\n |%12.4g %12.4e %12.4e’, ... x(i),V(i),M(i)); fprintf(’ %12.4e %12.4e’,Theta(i),Delta(i)); end disp(’ ’); else i=1; j=NoSegs; fprintf(’\n |%12.4g %12.4e %12.4e’, ... x(i),V(i),M(i)); fprintf(’ %12.4e %12.4e’,Theta(i),Delta(i)); fprintf(’\n |%12.8g %12.4e %12.4e’, ... x(j),V(j),M(j)); fprintf(’ %12.4e %12.4e’,Theta(j),Delta(j)); end fprintf(’\n\n’); subplot(2,2,1); plot(x,V,’k-’); grid; xlabel(’x axis’); ylabel(’Shear’); title(’Shear Diagram’);
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240: 241: 242: 243: 244: 245: 246: 247: 248: 249: 250: 251:



subplot(2,2,2); plot(x,M,’k-’); grid; xlabel(’x axis’); ylabel(’Moment’); title(’Moment Diagram’) subplot(2,2,3); plot(x,Theta,’k-’); grid; xlabel(’x axis’); ylabel(’Slope’); title(’Slope Curve’); subplot(2,2,4); plot(x,Delta,’k-’); grid; xlabel(’y axis’); ylabel(’Deflection’); title(’Deflection Curve’); subplot drawnow; figure(gcf) %print -deps vdb



252: 253:



% more off



254: 255:



%=============================================



256: 257: 258: 259: 260: 261: 262: 263: 264: 265: 266: 267: 268: 269: 270: 271: 272: 273: 274: 275: 276: 277: 278: 279: 280: 281: 282: 283: 284:



function [V,M,Theta,Delta,Reactions]= ... bmvardep(NoSegs,BeamLength,Force,ExtRamp, ... EndCond,IntSup,EIdata,BeamProp) % [V,M,Theta,Delta,Reactions]=bmvardep ... % (NoSegs,BeamLength,Force,ExtRamp,EndCond, ... % IntSup,EIdata,BeamProp) % ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ % % This function computes the shear, moment, % slope, and deflection in a variable depth % elastic beam having specified end conditions, % intermediate supports with given % displacements, and general applied loading, % allowing concentrated loads and linearly % varying ramp loads. % % NoSegs - number of beam divisions for % integration % BeamLength - beam length % Force - matrix containing the magnitudes % and locations for concentrated % loads % ExtRamp - matrix containing the end % magnitudes and end locations % for ramp loads % EndCond - matrix containing the type of % end conditions, the magnitudes, % and whether values are for the
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285: 286: 287: 288: 289: 290: 291: 292: 293: 294: 295: 296: 297: 298: 299:



% left or right ends % IntSup - matrix containing the location % and delta for interior supports % EIdata - either EI or depth values % BeamProp - either null or beam widths % % V - vector of shear values % M - vector of moment values % Theta - vector of slope values % Delta - vector of deflection values % Reactions - reactions at interior supports % % User m functions required: % oneovrei, extload, sngf, trapsum %----------------------------------------------



300: 301: 302: 303: 304:



if nargin < 8, BeamProp=[]; end % Evaluate function value coordinates and 1/EI x=linspace(0,BeamLength,NoSegs)’; kk=oneovrei(x,EIdata,BeamProp);



305: 306: 307: 308: 309:



% External load contributions to shear and % moment interior to span and at right end [ve,me]=extload(x,Force,ExtRamp); [vv,mm]=extload(BeamLength,Force,ExtRamp);



310: 311: 312: 313: 314: 315: 316: 317: 318:



% Deflections and position of interior supports ns=size(IntSup,1); if ns > 0 ysprt=IntSup(:,1); r=IntSup(:,2); snf=sngf(x,r,1); else ysprt=[]; r=[]; snf=zeros(NoSegs,0); end



319: 320: 321: 322:



% Form matrix governing y’’(x) smat=kk(:,ones(1,ns+3)).* ... [x,ones(NoSegs,1),snf,me];



323: 324: 325: 326: 327:



% Integrate twice to get slope and deflection % matrices smat=trapsum(0,BeamLength,smat); ymat=trapsum(0,BeamLength,smat);



328: 329:



% External load contributions to
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330: 331:



% slope/deflection at the right end ss=smat(NoSegs,ns+3); yy=ymat(NoSegs,ns+3);



332: 333: 334: 335: 336:



% Equations to solve for left end conditions % and internal reactions ns4=ns+4; j=1:4; a=zeros(ns4,ns4); b=zeros(ns4,1); js=1:ns; js4=js+4;



337: 338: 339: 340: 341: 342: 343: 344: 345: 346: 347: 348: 349: 350: 351: 352: 353: 354: 355: 356: 357: 358: 359: 360: 361: 362: 363: 364: 365: 366: 367: 368: 369: 370: 371: 372:



% Account for four independent boundary % conditions. Usually two conditions will be % imposed at each end. for k=1:4 val=EndCond(k,1); typ=EndCond(k,2); wchend=EndCond(k,3); if wchend==1 b(k)=val; row=zeros(1,4); row(typ)=1; a(k,j)=row; else if typ==1 % Shear a(k,j)=[1,0,0,0]; b(k)=val-vv; if ns>0 a(k,js4)=sngf(BeamLength,r,0); end elseif typ==2 % Moment a(k,j)=[BeamLength,1,0,0]; b(k)=val-mm; if ns>0 a(k,js4)=sngf(BeamLength,r,1); end elseif typ==3 % Slope a(k,j)=[smat(NoSegs,1:2),1,0]; b(k)=val-ss; if ns>0 a(k,js4)=smat(NoSegs,3:ns+2); end else % Deflection a(k,j)=[ymat(NoSegs,1:2),BeamLength,1]; b(k)=val-yy; if ns>0 a(k,js4)=ymat(NoSegs,3:ns+2); end end end end



373: 374:



% Interpolate to assess how support deflections
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375: 376: 377: 378: 379: 380: 381: 382: 383: 384: 385: 386:



% are affected by end conditions, external % loads, and support reactions. if ns>0 a(js4,1)=interp1(x,ymat(:,1),r); a(js4,2)=interp1(x,ymat(:,2),r); a(js4,3)=r; a(js4,4)=ones(ns,1); for j=1:ns-1 a(j+5:ns+4,j+4)= ... interp1(x,ymat(:,j+2),r(j+1:ns)); end end b(js4)=ysprt-interp1(x,ymat(:,ns+3),r);



387: 388: 389: 390:



% Solve for unknown reactions and end conditions c=a\b; v0=c(1); m0=c(2); s0=c(3); y0=c(4); Reactions=c(5:ns+4);



391: 392: 393: 394: 395: 396: 397: 398: 399: 400: 401: 402: 403: 404: 405: 406:



% Compute the shear, moment, slope, deflection % for all x if ns > 0 V=v0+ve+sngf(x,r,0)*Reactions; M=m0+v0*x+me+sngf(x,r,1)*Reactions; Theta=s0+smat(:,ns+3)+smat(:,1:ns+2)* ... [v0;m0;Reactions]; Delta=y0+s0*x+ymat(:,ns+3)+ ... ymat(:,1:ns+2)*[v0;m0;Reactions]; else Reactions=[]; V=v0+ve; M=m0+v0*x+me; Theta=s0+smat(:,ns+3)+smat(:,1:2)*[v0;m0]; Delta=y0+s0*x+ymat(:,ns+3)+ ... ymat(:,1:2)*[v0;m0]; end



407: 408:



%=============================================



409: 410: 411: 412: 413: 414: 415: 416: 417: 418: 419:



function [V,M,EITheta,EIDelta]=extload ... (x,Force,ExtRamp) % [V,M,EITheta,EIDelta]=extload ... % (x,Force,ExtRamp) % ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ % % This function computes the shear, moment, % slope, and deflection in a uniform depth % Euler beam which is loaded by a series of % concentrated loads and ramp loads. The values
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420: 421: 422: 423: 424: 425: 426: 427: 428: 429: 430: 431: 432: 433:



% of shear, moment, slope and deflection all % equal zero when x=0. % % x - location along beam % Force - concentrated force matrix % ExtRamp - distributed load matrix % % V - shear % M - moment % EITheta - slope % EIDelta - deflection % % User m functions required: sngf %----------------------------------------------



434: 435: 436: 437: 438: 439: 440: 441: 442: 443: 444: 445: 446: 447: 448: 449: 450: 451: 452: 453: 454: 455: 456: 457: 458: 459: 460: 461: 462: 463: 464:



nf=size(Force,1); nr=size(ExtRamp,1); nx=length(x); V=zeros(nx,1); M=V; EITheta=V; EIDelta=V; % Concentrated load contributions if nf > 0 F=Force(:,1); f=Force(:,2); V=V+sngf(x,f,0)*F; M=M+sngf(x,f,1)*F; if nargout > 2 EITheta=EITheta+sngf(x,f,2)*(F/2); EIDelta=EIDelta+sngf(x,f,3)*(F/6); end end % Ramp load contributions if nr > 0 P=ExtRamp(:,1); Q=ExtRamp(:,2); p=ExtRamp(:,3); q=ExtRamp(:,4); S=(Q-P)./(q-p); sp2=sngf(x,p,2); sq2=sngf(x,q,2); sp3=sngf(x,p,3); sq3=sngf(x,q,3); sp4=sngf(x,p,4); sq4=sngf(x,q,4); V=V+sngf(x,p,1)*P-sngf(x,q,1)* ... % Shear Q+(sp2-sq2)*(S/2); M=M+sp2*(P/2)-sq2*(Q/2)+ ... % Moment (sp3-sq3)*(S/6); if nargout > 2 EITheta=EITheta+sp3*(P/6)- ... % EI*Theta sq3*(Q/6)+(sp4-sq4)*(S/24); EIDelta=EIDelta+sp4*(P/24)- ... % EI*Delta sq4*(Q/24)+(sngf(x,p,5)- ... sngf(x,q,5))*(S/120);
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465: 466:



end end



467: 468:



%=============================================



469: 470: 471: 472: 473: 474: 475: 476: 477: 478: 479: 480: 481: 482: 483: 484: 485:



function val=oneovrei(x,EIdata,BeamProp) % [val]=oneovrei(x,EIdata,BeamProp) % ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ % % This function computes 1/EI by piecewise % linear interpolation through a set of data % values. % % x - location along beam % EIdata - EI or depth values % BeamProp - null or width values % % val - computed value for 1/EI % % User m functions required: none %----------------------------------------------



486: 487: 488: 489: 490: 491: 492: 493: 494: 495: 496: 497: 498:



if size(EIdata,1) < 2 % uniform depth case v=EIdata(1,1); EIdata=[v,min(x);v,max(x)]; end if ( nargin > 2 ) & ( sum(size(BeamProp)) > 0) % Compute properties assuming the cross % section is rectangular and EIdata(:,1) % contains depth values width=BeamProp(1); E=BeamProp(2); EIdata(:,1)=E*width/12*EIdata(:,1).^3; end val=1./lintrp(EIdata(:,2),EIdata(:,1),x);



499: 500:



%=============================================



501: 502: 503: 504: 505: 506: 507: 508: 509:



function y=sngf(x,x0,n) % y=sngf(x,x0,n) % ~~~~~~~~~~~~~~ % % This function computes the singularity % function defined by % y=^n for n=0,1,2,... %
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510: 511:



% User m functions required: none %----------------------------------------------



512: 513: 514: 515: 516: 517: 518: 519: 520: 521: 522:



if nargin < 3, n=0; end x=x(:); nx=length(x); x0=x0(:)’; n0=length(x0); x=x(:,ones(1,n0)); x0=x0(ones(nx,1),:); d=x-x0; s=(d>=zeros(size(d))); v=d.*s; if n==0 y=s; else y=v; for j=1:n-1; y=y.*v; end end



523: 524:



%=============================================



525: 526: 527: 528: 529: 530: 531: 532: 533: 534: 535: 536: 537: 538: 539: 540: 541: 542: 543: 544: 545: 546: 547: 548: 549: 550: 551: 552: 553: 554:



function v=trapsum(a,b,y,n) % % v=trapsum(a,b,y,n) % ~~~~~~~~~~~~~~~~~~ % % This function evaluates: % % integral(a=>x, y(x)*dx) for a 
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