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Correlations between nondestructive testing indicators and local transverse
compressive strength as well as wood density

Wang Zhongcheng'”  Yang Na®  Li Jiulin'
(1. Beijing Urban Construction Group Co., Ltd., Beijing 100088, China;
2. School of Civil Engineering, Beijing Jiaotong University, Beijing 100044, China)

Abstract: [Objective] The differences in correlations between different types and quantities of
nondestructive testing (NDT) indicators and the local transverse compressive strength as well as density of
wood were studied, and the optimal combination of NDT indicators was determined to provide reference for
the evaluation of transverse local compressive strength and density of wood based on NDT methods.
[Method] The beam components from a typical Tibetan ancient building wooden structure were taken as
the research object, and the local transverse compressive samples were sawn off. By conducting physical and

mechanical tests and NDT tests, the density (p), local transverse compressive strength (f;.), longitudinal and
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transverse stress wave velocity (v; and v), and micro drilling resistance (F) were measured. The linear
correlation coefficients between different NDT indicators or indicator combinations and p, f,, were
calculated, and then comparatively discussed. [Result] (1) The correlation coefficients between v, and p
were the highest when using single NDT index, at 0.662, after supplementing the £, (the mean value of F),
it can be increased by 15.56%, reaching 0.765. The correlation coefficient between F},, and f, was the highest
when using single NDT indicator, at 0.526, after supplementing the v,, (mean value of v), it can be increased
by 26.80%, reaching 0.667; after further supplementing the v, it can be further increased by 7.20%, reaching
0.715. (2) When the basic indicators in two sets of NDT indicator combinations were consistent, even if
there were differences in the form of basic indicators, the correlation coefficients between the two sets and
the predicted parameters were also similar. (3) When two NDT indicators with good correlation with the
predicted parameters were combined, the correlation coefficient of the combined model may further
increase; when NDT indicators with good correlation were combined with indicators with poor correlation,
the correlation coefficients of the combination model was close to the former; when NDT indicators with
poor correlation were combined with unrelated indicators, the correlation coefficient may increase
significantly or remain poor; when two NDT indicators which are not significantly correlated were
combined,thecombinationofNDTindicatorsstilldoesnothasasignificantcorrelationwiththepredictedparameters.
[Conclusion] Determining reasonable NDT indicators has a greater impact on improving the correlation
than simply increasing the number of indicators. Taking into account the improvement effect of correlation
coefficients and the potential increase in testing workload, it is recommended to use the combination of “v,
F.” and “F,, v,,” for predicting the density and local transverse compressive strength of wood, respectively.

Key words: nondestructive testing of wooden structures; wood density; local transverse compressive

strength; linear correlation; index prediction
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Tab. 1 Unary linear correlation between wood density

and NDT index

xf @téﬂﬁ*%—' B AR _ P o R
Comparison group No. Independent variable aa
1-1 Vin 1.50x 107" 0.132 0.009

1-2 v 1.11 x 107" —0.662 0.434

13 Fy, 14510 0.627 0.388

1-4 F Vi 1.60 x 107" 0.219 0.040

1-5 Fovi 8.95x107% 0.1550.016

e v RN GUN T TPE I, v R AR ISR JT R, F o s il B
PIE. R3E0.05/KF FEEAHMIS. FF. Notes: v, is the mean value
of transverse stress wave velocity, v; is the longitudinal stress wave
velocity, F,,, is the mean value of micro drilling resistance. The symbol *
represents a significant correlation at the 0.05 level. The same below.
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Tab. 2 Linear correlations between wood density and multiple NDT indexes

HLEALF S A . » . R
Comparison group No. Independent variable adj
2-1 Viy Vin 1.22 x 1071 0.665 0.432
222 Fou vy 0.00" 0.765 0.578
2-3 Vi, FooVin® 2.22x107% 0.675 0.447
2.4 Vi, Fpv? 0.00" 0.763 0.575
2.5 Fi Vin 1.57 x 1077 0.627 0.383
2-6 Frop Fovm’ 1.59 x 107 0.627 0.383
2.7 Foy oy 0.00" 0.762 0.573
2-8 Vi FinVin” 528 x 107" 0.617 0.370
2.9 Vins FonVi2 7.39x 1072 0.208 0.027
2-10 Fov'> Fovi” 536 x 107 0.291 0.069
2-11 Vi Vi, Mc 144 x 107 0.678 0.445
2-12 Fvi, Mc 0.00 0.787 0.609
2-13 Fon Vi Vo FonVin®s Foai’ 0.00" 0.765 0.567

VE: MONREES KR . Note: M. is the moisture content of samples.
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Tab.3 Unary linear correlations between local compressive
strength perpendicular to grain and NDT index

Xﬂtéﬂﬁ*%‘ HA A P ., R
Comparison group No. Independent variable adj
3-1 p) 312107 0.687 0.468
3.0 v 6.68 x 10" —0.039 —0.007
3.3 PV 449 x 107 —0.183 0.025
3-4 Vi 6.21 x 107" —0.498 0.242
3-5 Vi, Vi 238 x 107 —0.507 0.245
3-6 W 4.80 x 10 —0.471 0.216
3.7 Fo 5.76 x 107" 0.526 0.271
3-8 Fi,Fy 827 x 107" 0.546 0.287
3.9 Fov? 5.90 x 10" —0.049 —0.006
3-10 Fovi® 3.35x 107 —0.194 0.029

Vv v FUFy, Fy 2359 ANAS IR IR A7 0 2 77 3k 45 SR AN
EHEA AT 45 SR . Notes: v;, vijand F, Fy; are the stress wave velocity
test results and micro drilling resistance test results for two different
measurement points.
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Tab. 4 Linear correlations between local transverse
compressive strength and two NDT indexes

AL TE R 2
Comparison group No. Independent variable r adj

4-1 Fo Vi 8.88 x 107" 0.667 0.435
42 J 7.37x 107 0.594 0.341
43 Fopy FopVi” 4.44x 107 0.671 0.441
4-4 Fo FoV 7.20 x 107" 0.594 0.342
4-5 - 8.10 x 107" 0.650 0.413
4-6 Vi FrnVi 1.68 x 107" 0.645 0.406
4-7 Vins FonVi2 3.38x 107 0.503 0.240
4-8 Vi FopVin 1.84 x 107" 0.537 0.277
4-9 v, Fv® 1.33 x 107" 0.588 0.335
4-10 Fovuls FoW 1.03x 107" 0.194 0.021

&5 NDTEHRSELUBHNERENSTEY
HEES
Tab. 5 Linear correlations between local transverse

compressive strength and multiple NDT indexes
XL 5 A R2

Comparison group No. Independent variable P r adj
5-1 Fons Vi V) 0.00"  0.715 0.499
5.2 Vi Vi FiVin 0.00"  0.700 0.477
53 Vs Vis PV’ 0.00°  0.710 0.492
5.4 Fons Vi FonVin 3.55% 1077 0.671 0.436
5.5 Fs Viny FrVi? 0.00"  0.717 0.501
5-6 Foo Vo Fov” 0.00°  0.721 0.507
5.7 Fos Vo FuW 4.58 x 107" 0.594 0.336
5-8 Vi FonVin®s FnVi* 4.44 % 107 0.686 0.456
5-9 Vi FonV’s Fogvi? 0.00°  0.710 0.492
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