Art Brooks has suggested an approach that can avoid the deflection equations and evaluate the smeared material property.  The method is straightforward and illustrated as follows:
1) Run several beam cases with variable E and G values.
2) Evaluate the deflections at center and quarter span locations and plot the relationship between the E/G ratios and deflection ratios as below.
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3) Calculate deflection ratio from the beam test results



Ratio = 0.1283” / 0.0736” = 1.743

4) Fit the deflection ratio 1.743 into the curve to estimate the E/G ratio, which is about 133.
5) Use the E value of 13.3 Mpsi and G value of 0.1 Mpsi in a FEA run.  The analysis give a center deflection of  0.10996”
6) Because of the linear theory, the actual material properties can be estimated by


E = 13.3 x (0.10996/0.1283) = 11.399 Mpas



G = 0.10 x (0.10996/0.1283) = 0.857 Mpsi
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Sheet1

		

		Load		Run No.		Material Property		Ex		Ey		Ez		Nuxy		Nuyz		Nuxz		G		Run No.		Material Property		Vertical Disp. At Center		Vertical Disp. At 1/4 span		Max. Axial Stress		Min. Axial Stress				d1/d2		E/G		E		G		E/G

								(Mpsi)		(Mpsi)		(Mpsi)								(Mpsi)						(in)		(in)		(ksi)		(ksi)

		P=4000		1		Isotropic		9.5		9.5		9.5		0.31		0.31		0.31		3.63		1		Isotropic		0.0486		0.0331		7.84		-10.06				1.470		2.62		9.500		3.626		2.62

		P=4000		2		Orthotropic		9.5		9.5		9.5		0.31		0.31		0.31		0.14		2		Orthotropic		0.0771		0.0479		10.58		-11.65				1.608		67.86		9.500		0.140		67.86

		P=4000		3		Orthotropic		6.3		6.3		6.3		0.31		0.31		0.31		0.14		3		Orthotropic		0.0984		0.0626		9.52		-10.54				1.571		45.00		6.300		0.140		45.00

		P=4000		4		Orthotropic		6.3		6.3		9.5		0.31		0.38		0.38		0.14		4		Orthotropic		0.0773		0.0481		10.54		-11.90				1.607		67.86		9.500		0.140		67.86

				Run No.		Material Property		Ex		Ey		Ez		Nuxy		Nuyz		Nuxz		G		Run No.		Material Property		Vertical Disp. At Center		Vertical Disp. At 1/4 span		Max. Axial Stress		Min. Axial Stress

								(Mpsi)		(Mpsi)		(Mpsi)								(Mpsi)						(in)		(in)		(ksi)		(ksi)

		P=4000		5		Isotropic		3.04		3.04		3.04		0.31		0.31		0.31		1.16		5		Isotropic		0.1172		0.0800		6.29		-8.57				1.466		2.62		3.040		1.160		2.62

		P=4000		6		Orthotropic		6.30		6.30		6.30		0.31		0.31		0.31		0.50		6		Orthotropic		0.0670		0.0440		7.17		-8.89				1.521		12.60		6.300		0.500		12.60

		P=4000		7		Orthotropic		6.30		6.30		6.30		0.31		0.31		0.31		0.14		7		Orthotropic		0.0996		0.0611		9.04		-10.21				1.630		45.00		6.300		0.140		45.00

		P=4000		8		Orthotropic		9.50		9.50		9.50		0.31		0.31		0.31		0.14		8		Orthotropic		0.0811		0.0484		10.01		-11.01				1.676		67.86		9.500		0.140		67.86

				Run No.		Material Property		Ex		Ey		Ez		Nuxy		Nuyz		Nuxz		G		Run No.		Material Property		Vertical Disp. At Center		Vertical Disp. At 1/4 span		Max. Axial Stress		Min. Axial Stress

								(Mpsi)		(Mpsi)		(Mpsi)								(Mpsi)						(in)		(in)		(ksi)		(ksi)

		P=5000		9		Orthotropic		9.142		9.142		9.142		0.310		0.310		0.310		0.126		9		Orthotropic		0.1093		0.0649		12.74		-13.95		P=5000		1.683		72.56		9.142		0.126		72.56

		P=5000		10		Orthotropic		9.142		9.142		9.142		0.310		0.310		0.310		0.098		10		Orthotropic		0.1265		0.0740		13.64		-14.75		P=5000		1.710		93.00		9.142		0.098		93.00

				Run No.		Material Property		Ex		Ey		Ez		Nuxy		Nuyz		Nuxz		G		Run No.		Material Property		Vertical Disp. At Center		Vertical Disp. At 1/4 span		Max. Axial Stress		Min. Axial Stress

								(Mpsi)		(Mpsi)		(Mpsi)								(Mpsi)						(in)		(in)		(ksi)		(ksi)

		P=5000		10		Orthotropic		9.142		9.142		9.142		0.310		0.310		0.310		0.126		10		Orthotropic		0.1093		0.0649		12.74		-13.95		P=5000		1.683		72.56		9.142		0.126		72.56

		P=5000		11		Orthotropic		11.427		11.427		11.427		0.310		0.310		0.310		0.084		11		Orthotropic		0.1303		0.0744		15.30		-16.26		P=5000		1.751		136.52		11.427		0.084		136.52

		P=5000		12		Orthotropic		8.368		8.368		8.368		0.310		0.310		0.310		0.132		12		Orthotropic		0.1274		0.0751		13.14		-14.30		P=5000		1.696		63.39		8.368		0.132		63.39

		P=5000		11		Orthotropic		11.460		11.460		11.460		0.310		0.310		0.310		0.088		11		Orthotropic		0.1295		0.0746		14.67		-15.67		P=5000		1.737		130.23		11.460		0.088		130.23

		P=4000		5		Orthotropic		6.3		6.3		6.3		0.31		0.31		0.31		0.14						0.0996		0.0550		Computed

		P=4000		6		Orthotropic		3.04		3.04		3.04		0.31		0.31		0.31		1.16						0.1179		0.0678		Computed

																						A =		0.3419332						0.197462

																						B =		0.0063474444						0.003319

																						5000 lb		0.1281		0.0705		0.0749		0.0727

				5		Isotropic		3.10		3.10		3.10		0.31		0.31		0.31		1.18		4000 lb		0.1025		0.0564		0.0600		0.0582

				6		Isotropic		6.30		6.30		6.30		0.31		0.31		0.31		2.40				center						ave.at 1/4

																						1500 lb		0.04019		0.02443		0.02522		0.02483

								x		Bending EQ-1		Bending EG-2				Shear EQ-1		Shear  EG-2

								0.5000		0.0208		0.0208				0.3750

								0.2500		0.0143		0.0143				0.1875





Sheet2

				At Mid-span		At Quarter Span

		Due to bending moment

		Due to shear force																Theoretical  Deflection at Center				FEA						Theoretical  Deflection at 1/4 span				FEA

								Run No.		E		G		Run No.		Due to Bending		Due to Shear		Total		Vertical Def. At Center		Diff.		Due to Bending		Due to Shear		Total		Vertical Def. At 1/4 span		Diff.		Load		Run No.		FEA Input E		FEA Input G		Computed E		Computed G								d1/d2

		P =		4000						(Mpsi)		(Mpsi)				(in)		(in)		(in)		(in)		(%)		(in)		(in)		(in)		(in)		(%)		lb				(Mpsi)		(Mpsi)		(Mpsi)		(Mpsi)												P =		4000

		L =		40				5		3.04		1.16		5		0.1110		0.0071		0.1181		0.1172		0.7		0.0763		0.0035		0.0798		0.0800		-0.2		4000		5		3.04		1.16		2.960		2.538		0.974		2.187		1.166		1.466				L =		40

		Width =		1.43				6		6.30		0.50		6		0.0536		0.0165		0.0700		0.0670		4.5		0.0368		0.0082		0.0450		0.0440		2.3		4000		6		6.30		0.50		5.995		0.770		0.952		1.540		7.787		1.521				Width =		1.43

		Depth =		5.1				7		6.30		0.14		7		0.0536		0.0588		0.1123		0.0996		12.8		0.0368		0.0294		0.0662		0.0611		8.3		4000		7		6.30		0.14		5.599		0.209		0.889		1.493		26.787		1.630				Depth =		5.1						Deflection		Items

		I =		15.8075775				8		9.50		0.14		8		0.0355		0.0588		0.0943		0.0811		16.3		0.0244		0.0294		0.0538		0.0484		11.2		4000		8		9.50		0.14		8.060		0.210		0.848		1.499		38.401		1.676				I =		15.8075775						0.1283		E (psi)		8,367,831		9,358,107		7,567,081		6,906,201		10,614,228

		EI =						9		9.142		0.098		10		0.0369		0.0837		0.1206		0.1014		18.9		0.0254		0.0418		0.0672		0.0593		13.4		4000		9		9.142		0.098		7.381		0.148		0.807		1.503		49.970		1.711				EI =								0.0736		G (psi)		132,013		120,655		145,732		152,957		116,114

		A =		7.293				10		9.142		0.126		10		0.0369		0.0653		0.1022		0.0874		16.9		0.0254		0.0326		0.0580		0.0519		11.7		r=1.25		10		9.142		0.126		7.684		0.189		0.841		1.501		40.643		1.683				A =		7.293										0.1283		0.1303		0.1263		0.1283		0.1283

		AG =						11		11.427		0.084		11		0.0295		0.0983		0.1278		0.1043		22.6		0.0203		0.0491		0.0694		0.0596		16.6		r=1.25		11		11.427		0.084												1.751				AG =												0.0736		0.0736		0.0736		0.0756		0.0716

		a =		1.5				12		9.142		0.162		12		0.0369		0.0508		0.0877		0.0765		14.7		0.0254		0.0254		0.0508		0.0462		9.9		r=1.25		12		9.142		0.162		7.937		0.242		0.868		1.496		32.758		1.655				a =		1.5

		P =		5000																																																						P =		5000

		coeff for E (a1 & a2)		421739		289945		4000		1.5				5		2.62		0.73		-0.17																										d1/d2												coeff for E (a1 & a2)		421739		289945

		coeff for G (b1 & b 2)		10284		5142		337391		231956		a1 & a2		6		12.60		4.54		2.29																										1.466		1.166		0.974		2.187		2.62				coeff for G (b1 & b 2)		10284		5142

		coeff for E (a1 & a2)		421739		289945		8227		4114		b1 & b2		7		45.00		12.75		8.34																										1.521		7.787		0.952		1.540		12.60				coeff for E (a1 & a2)		421739		289945

		coeff for G (b1 & b 2)		10284		5142		337391		231956		a1 & a2		8		67.86		16.31		11.20																										1.630		26.787		0.889		1.493		45.00				coeff for G (b1 & b 2)		10284		5142

		Deflections d1 & d2		0.1281		0.0727		8227		4114		b1 & b2		5		2.62		0.8799		1.0385				2.6		0.73		-0.17																		1.676		38.401		0.848		1.499		67.86				Deflections d1 & d2		0.1281		0.0727

		E =		9,141,734		125,464		0.1172		0.0800		d1 & d2		6		12.60		0.8154		0.8775				12.6		4.54		2.29																		1.711		49.970		0.807		1.503		93.00				E =		9,141,734		125,464

		d1=a1/E+b1/G; d2=a2/E+b2/G				125,464		2,960,054		2,537,913		E & G		7		45.00		0.7838		0.8266				45.0		12.75		8.34																		1.751								136.52				d1=a1/E+b1/G; d2=a2/E+b2/G				125,464

		check		0.1281		0.0727		0.0670		0.0440		d1 & d2		8		67.86		0.7750		0.8155				67.9		16.31		11.20																														check		0.1281		0.0727

								5,994,580		769,796		E & G		a		E		G

				0.04019		0.02483		0.0996		0.0611		d1 & d2		1.50		2,960,054		2,537,913		3.04		1.16																																						0.1283		0.0736

				16,700,317		688,496		5,599,292		209,032		E & G				5,994,580		769,796		6.30		0.50																																						8,367,831		132,013

								0.0811		0.0484		d1 & d2				5,599,292		209,032		6.30		0.14

								8,059,727		209,881		E & G				8,059,727		209,881		9.50		0.14

								0.1014		0.0593		d1 & d2

				0.1283		0.0736		7,380,796		147,703		E & G		1.40		2,960,054		2,368,719

		E & G		8,367,831		132,013		63.4		147,703		check G				5,994,580		718,476

								102,970								5,599,292		195,096

				0.1313		0.0766										8,059,727		195,889

		E & G		7,221,553		141,068		51.2

								110,033						1.20		2960054		2030330

				0.1283		0.0736										5994580		615837

		E & G		8,367,831		132,013		63.4								5599292		167225

								102,970								8059727		167905
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Figure 1: Deflection Deviations from FEA Results
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Figure 2: Factor of Modification for G
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Fig. 2: Ratios of Computed Modulus to FEA Input Modulus
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E/G Ratio vs. Deflection Ratio



				actual center deflection		actual red deflection		actual white deflection		load [lb]		stroke [in]		Ave. red & white deflection						load [lb]		actual center deflection		Ave. red & white deflection		actual center deflection		Ave. red & white deflection		load [lb]

				-0.0020		-0.0064		-0.0006		0.00		0.0011		-0.0035				0		0.00		-0.0020		-0.0035		-0.0002		-0.0009		0.00

				0.0027		0.0041		0.0030		99.79		0.0127		0.0035				100		99.79		0.0027		0.0035		0.0070		0.0037		100.40

				0.0089		0.0068		0.0039		500.49		0.0310		0.0054				500		500.49		0.0089		0.0054		0.0153		0.0079		501.10

				0.0282		0.0129		0.0149		1000.67		0.0522		0.0139				1000		1000.67		0.0282		0.0139		0.0288		0.0177		1001.59

				0.0402		0.0244		0.0252		1500.24		0.0722		0.0248				1500		1500.24		0.0402		0.0248		0.0396		0.0255		1501.77

				0.0528		0.0312		0.0285		1999.82		0.0908		0.0299				2000		1999.82		0.0528		0.0299		0.0533		0.0291		2001.95

				0.0463		0.0308		0.0337		2499.69		0.1093		0.0323				2500		2499.69		0.0463		0.0323		0.0660		0.0385		2500.92

				0.0621		0.0409		0.0447		3000.18		0.1279		0.0428				3000		3000.18		0.0621		0.0428		0.0785		0.0443		3001.40

				0.0831		0.0520		0.0474		3499.15		0.1460		0.0497				3500		3499.15		0.0831		0.0497		0.0908		0.0490		3500.67

				0.0958		0.0530		0.0552		4001.46		0.1645		0.0541				4000		4001.46		0.0958		0.0541		0.1009		0.0589		4000.85

				0.1150		0.0637		0.0660		4499.51		0.1826		0.0649				4500		4499.51		0.1150		0.0649		0.1026		0.0636		4500.43

				0.1281		0.0705		0.0749		4994.81		0.2011		0.0727				5000		4994.81		0.1281		0.0727		0.1281		0.0727		4994.81

				0.1026		0.0648		0.0625		4500.43		0.1866		0.0636

				0.1009		0.0569		0.0609		4000.85		0.1692		0.0589

				0.0908		0.0464		0.0516		3500.67		0.1527		0.0490

				0.0785		0.0411		0.0475		3001.40		0.1347		0.0443

				0.0660		0.0373		0.0396		2500.92		0.1183		0.0385

				0.0533		0.0304		0.0279		2001.95		0.0990		0.0291

				0.0396		0.0253		0.0258		1501.77		0.0803		0.0255

				0.0288		0.0168		0.0185		1001.59		0.0600		0.0177

				0.0153		0.0091		0.0068		501.10		0.0374		0.0079

				0.0070		0.0045		0.0028		100.40		0.0177		0.0037

				-0.0002		-0.0007		-0.0011		0.00		-0.0002		-0.0009

		BLUE LVDT [in]		RED LVDT [in]		GREEN LVDT [in]		WHITE LVDT [in]		YELOW [in]		load [lb]		average end deflection		actual center deflection		actual red deflection		actual white deflection

		0.022699		0.055594		0.072354		0.059865		0.025922		2492.370605		0.0243105		0.0480435		0.03208925		0.03474875

		0.018955		0.060089		0.076088		0.059403		0.025005		2493.896484		0.02198		0.054108		0.0396215		0.0359105

		0.025273		0.05938		0.088225		0.058016		0.022481		2494.812012		0.023877		0.064348		0.034805		0.034837

		0.023401		0.059143		0.08239		0.062639		0.024316		2497.253418		0.0238585		0.0585315		0.03551325		0.03855175

		0.024805		0.060799		0.074921		0.062177		0.024316		2498.779297		0.0245605		0.0503605		0.03611625		0.03773875

		0.028783		0.05867		0.073287		0.059865		0.025234		2499.694824		0.0270085		0.0462785		0.03077425		0.03374375

		0.020359		0.057014		0.078889		0.061021		0.027069		2501.525879		0.023714		0.055175		0.0349775		0.0356295

		0.022465		0.057014		0.085657		0.061252		0.02684		2503.051758		0.0246525		0.0610045		0.03345525		0.03550575

		0.025507		-0.514072		0.083323		-0.329837		0.025234		2503.051758		0.0253705		0.0579525		-0.53951075		-0.35513925

		0.021295		0.056068		0.090559		0.060096		0.023628		2504.882812		0.0224615		0.0680975		0.03418975		0.03705125

		0.024805		0.05725		0.084724		0.05871		0.023399		2507.629395		0.024102		0.060622		0.0327965		0.0349595

		0.025273		0.062455		0.08519		0.059634		0.024316		2507.93457		0.0247945		0.0603955		0.03742125		0.03507875

		0.025507		0.057014		0.08379		0.062177		0.025463		2508.850098		0.025485		0.058305		0.031518		0.036703

		0.023167		0.061272		0.083557		0.060096		0.024316		2510.070801		0.0237415		0.0598155		0.03781775		0.03606725

		0.001872		0.005205		0.008402		0.00601		0.005735		252.990723		0.0038035		0.0045985		0.00236725		0.00124075

		-0.115132		-0.42512		0.003734		-0.208026		0.004129		253.601074		-0.0555015		0.0592355		-0.33980325		-0.18233975

		0.003744		0.005205		0.0014		0.007165		0.007341		254.516602		0.0055425		-0.0041425		0.00056175		0.00072325

		0.003744		0.00828		-0.004901		0.006472		0.005047		255.737305		0.0043955		-0.0092965		0.00421025		0.00175075

		-0.000702		0.003312		0.0007		0.009708		0.00367		256.04248		0.001484		-0.000784		0.002921		0.007131

		-0.000936		0.00757		0.008402		0.007859		0.002982		257.263184		0.001023		0.007379		0.0075265		0.0058565

		0.000702		0.008043		0.0014		0.008321		0.00367		258.789062		0.002186		-0.000786		0.006599		0.005393

		-0.005382		0.006861		-0.0014		0.005547		0.001147		263.061523		-0.0021175		0.0007175		0.01061075		0.00603225

		0.001404		0.008753		-0.003734		0.006241		0.005506		264.587402		0.003455		-0.007189		0.0063235		0.0017605

		0.002808		0.007334		0.009569		0.007628		0.006194		265.50293		0.004501		0.005068		0.0036795		0.0022805

		-0.423556		-0.262595		-0.13117		-0.378145		0.000229		265.50293		-0.2116635		0.0804935		0.05501475		-0.27242775

		0.001872		0.009463		-0.000467		0.00809		0.006194		265.50293		0.004033		-0.0045		0.0065105		0.0029765

		-0.00234		0.00757		-0.004901		0.006703		0.004359		265.808105		0.0010095		-0.0059105		0.00823525		0.00401875

		0.003276		0.006151		0.013537		0.007628		0.004588		267.333984		0.003932		0.009605		0.002547		0.003368

		-0.000234		0.005678		0.007702		0.007859		0.004129		269.470215		0.0019475		0.0057545		0.00482125		0.00482075

		-0.00117		0.008753		-0.004201		0.008321		0.005276		269.775391		0.002053		-0.006254		0.0083115		0.0046565

		0.001872		0.007097		0.0014		0.006934		0.004817		270.996094		0.0033445		-0.0019445		0.00448875		0.00285325

		0.005148		0.004258		-0.003034		0.007628		0.008258		271.911621		0.006703		-0.009737		-0.0016675		0.0001475

		0.000234		0.008753		0.002801		0.007628		0.003441		272.521973		0.0018375		0.0009635		0.00771725		0.00498875

		load [lb]		average end deflection		actual center deflection		actual red deflection		actual white deflection

		2492.370605		0.0243105		0.0480435		0.03208925		0.03474875

		2493.896484		0.02198		0.054108		0.0396215		0.0359105

		2494.812012		0.023877		0.064348		0.034805		0.034837

		2497.253418		0.0238585		0.0585315		0.03551325		0.03855175

		2498.779297		0.0245605		0.0503605		0.03611625		0.03773875

		2499.694824		0.0270085		0.0462785		0.03077425		0.03374375

		2501.525879		0.023714		0.055175		0.0349775		0.0356295

		2503.051758		0.0246525		0.0610045		0.03345525		0.03550575

		2503.051758		0.0253705		0.0579525		-0.53951075		-0.35513925
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Fig. 3: Deflections Measured at Center and Quarter points
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