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Analysis of Structural Performance of Wood Composite I and Box Beam
on Cross Section Component (IT) *!-
— Calculation and Analysis of Ultimate Loads —

Sei Chang Oh™*? -Phil Woo Lee *?

ABSTRACT

An evaluation of bending test of composite | and Box beams for determining the ultimate
strength limit design criteria was presented. Maxium loads of composite 1 beams were
found in beams composed of thicker upper flanges and/or vertical LVL flanges. These
loads of plywood web beams were greater than those of PB web beams. Maximum loads of
unsymmetrical box beams were less than those of symmetrical box beams. Thus, it took on
different phase in box type beams. Ultimate loads of composite heams were greater than
those of solid.

The failure of composite beams were abrupt and failure mode was classified into foll-
owing categories ; Edgewise shear failure in web, delamination in flange-web joint, tension
failure and tearing in LVL flanges, and web delamination. These failures of composite be-
ams were appeared at the mixed mode.

The influence factor affecting the performance of tested composite beams was shear
strength of PB-web composite beams and compressive strength in plywood-web composite
beams. It was also assumed that the influence factors on structural performance on compo-
site beams were flange quality, web material and geometry of cross section.

As one of the design methods resisting to compressive stress that was required in the
case of small span to depth ratic and deep beams. composite I-beams composed of thicker

upper flanges comparing to lower flanges were very effective in structural performance.

*2. N RBERE KR College of Agriculture, Seoul National University, Suwon 441 —744,
‘Korea.
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7} Bol sIA Hu dFL 1,050kgf,
895kgf, 1,195kgf= UEItow o) &= D
2 FY B9 A% gEoz % wwe HI
o 23 A7, EY Hel B9 B QtS 29

o A gatel B A e wE Zerd ¥
gol vebskeh. Fabe] B9 AW AAY AE
{starved joint) o2 U3 FFoz Mz},

BElZHE 9 nANANZ web 2 FHE
fed g A eol 3 LVLE flanged = AR
A7 £33 LVLE AHS® 72ET 19 3
Hatsol Bt o 3& 2o FJoH, 7+
N F3) FAE {lange & A F-ol WX 7
z7 gH 91 2 52 flangeE 3H5-o oY
g TR gRon, o TN 53
flange B8l A B dg oz A A ¢
4 4 webA o) uhe] #Abe]l #AHAUG

2.1.5 Box8¢ A, B2 C¥ B3

Box ¥elz ® BE¢xY A% Zze HA
st A& 1, 335kgf, 1,047kgf, 1,050kgf2
gueow ¥ = A% Hu IdFAE
1290kgiz WENG oW, BUT BHofl A REEIE
oA webh B 2 3u) Fubel FHolA
gt AAe Fdtow Qg #AH7 S
BoZo] Fi Hd dFAe @A debxtch
A, B¥ HAAME flangest web jointZhel 73
ofAyo] wol RGN oW, FHHATG T
s3] 4 E vERRLTH

2.2 HEE mhel BR

2.2.1 BEES 2 WEHED

Timoshenko(1968) ol 2l 5H ¥ B o &} Fo] =z
g3t Fedeyt A7 2ol &8 bk
oz REY A ¥#Hste veun 53
g4x07 Agol M2 G2 J8E ARt
Az A4S 7 a4 AAS AHEEA Od
i go] "t} (Johnson®, 1976)%
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El

o, . Stress of ith component

E, : Elastic modulus of ith component
C,; : Furthest point from neutral axis of ith
component
EI : Flexural rigidity of composite beam
A(1)E FH & flanged & FAE o<
S Ho ddo] giATGH L, < flange
o &A= 28 HS flange S g A
#E AHEst o ol vEd £ Ao
o= Et . ._}_L: EPM——:h
El 2 2+ EIl
o, Stress of flange

i (2)

Eg Elastic modulus of flange material

h ZBeam depth
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e . . Rolling shear stress
V [ Vertical force
Q; : First statical moment of flange in rela-
tion to neutral axis
d ! Flange-web contact-depth
9 BEA webd L 7tEAR
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(b)
Fig. 1. Normal stress(a) and shear stress(b)
distribution of composite beams
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b © Beam width
V : Vertical shear force( =P/2)

Q : Statical moment

o, . Shear stress of web
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% Arh
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Table.1 Maximum calculated bending and shear stress in composite [ and box beams.(unit

< kgt/ o)

Beam Bending stress Shear stress
type Stress —1* l Stress— 2" ! Stress—3" ] Stress—4* | Stress—5" l Stress—6* i Stregs—= 7"

A 42745 119. 34 128.14 433.70 17.490 193. 45 18.60

B 418.02 141,84 60. 91 8212 13.12 149.57 15,71

C 322,76 76.73 137.56 404. 32 12.61 149.20 18.6%
D-F 292.81 26.04 2584 292.03 11.5% 64. 42 1153
E-P 483.36 95.33 22.20 403.88 20.98 91.47 14.06
F-P 373.20 20.94 51.95 47,45 12.96 85.88 19.64
D-W 334.00 72.79 83,85 345, 80 12.77 73.21 13.57
E-W 308.01 89.97 44.06 264, 83 13.07 59.35 9,37
F-W 369.47 57.98 139.76 49. 48 13.07 87.92 19.80
G-F 243.98 24,60 24.81 244.5] 11.67 62.33 11.72
H-P 5078 2719 10. 59 21877 13.16 57.76 9. 04
I-P 257,72 20,26 3127 328 14 1141 72.25 16.72
G-W 303,64 79.54 79,90 303.93 14.48 75.59 14. 48
H-W 201.32 80.52 44.21 230,04 14.20 61,36 10.21
[-W 296.77 39.43 79.26 355,41 12,93 78.38 18.32

% - The number means each position of composite beams shown Fig 1.

P Particleboard web W : Plywood web
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Fig. 2. Diagram of load arrangement of com-
posite beams.
(a) : Bending test of composite beam
(b): Bending moment diagram of
composite beam
(c): Vertical shear force of composite
beam
(d): Maximum deflection of compo-
site beam
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El : Flexural rgidity

g, . Stress of ith component

M(x) : Applied moment

E; . Elastic modulus of ith component

C; - Distance from neutral axis to furthest

point of ith component

01@(113"4:}1 THEE FYHFHEE TE
EE R
P 1 P.1

M=oxg="7

P  applied load

1~ span
o] Hug
Pl o, - Fl
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1 EQ
;== VE XE
b EI 1
El
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Q . first statical moment

T ! shear stress

V 1 vertical shear force
b; ¢ width of web
Hed V=p/rolng

P ET
v_—z——b‘—_fa T vereonroroniiaianecses (]1)
EI
P‘—:Zbl “‘E—Q‘~ T
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ety HE|ZHEE web AABE & 2 7 72 LVLE st 72 A§o zZbzhe
S, BE|ZFHES A Ayt 2 Hd 33 ol /¢ Hol 353 = 768kgf, 756kgf 2 787kgf
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Table.2 Maximum load bearing capacity of composite beams.(unit : kgf)
Beam type  P-Max-l P-Max-2 P-Max-3 P-Max-4 P-Max-5 P-Max-6 P-Max-7

A- 1099.09 3357.75 6604. 88 1096. 44 801.22 751.68 803.57

A-2 1118. 27 3574.65 6222. 40 1084.57 827.50 775.39 845. 60

A-3 1097. 90 3548.71 6365.03 1071. 90 834.30 780. 36 848.68

A—4 1105.21 3427.64 6300. 98 1108.27 809. 28 758.71 810. 59

B~-1 982.80 2636.58 8487, 94 1211.59 824.93 760.03 948.29

B-2 913. 60 2241.35 12164, 81 1320. 35 861,68 783,24 1088. 03

B-3 883.93 2057.03 12595. 54 134, 42 873.71 788.82 1113.58

C-1 1162.44 4362.61 5097.27 1000. 03 338.47 785. 34 914. 84

C-2 1086. 67 3975. 80 4555. 98 924. 80 824.97 77125 908. 97

C-3 1143.53 4368. 92 4661.11 955.22 837,45 758.01 933.13
b~P-1 1035.51 5100.02 1824.25 991.74 780.33 769. 11 786.57
D-P-2 951.54 4047.77 1934.74 981.02 782,73 762.03 778.47
D-P-3 985.73 4320.72 202157 101057 793.75 774.58 761,31
E-P-1 792. 90 3042. 52 3253.1% 989, 54 804. 59 759. 64 72,97
E-P-2 805.38 3002. 53 3163. 88 1015.45 818. 41 755.22 785. 00
F~-P-1 101913 7591.59 1330.47 820. 65 778,42 786. 98 809. 62
F~p-2 977,23 7097. 38 1184. 9% 765. 80 777.49 788. 96 813. 44
D-W-1 1043. 33 3832.67 3462.11 998. 95 1369. 46 1400, 71 1602.16
D-W-2 1052.14 3765. 05 6205, 57 1038. 99 1336. 03 1394. 98 1556. 52
E-W-1 873.49 2583.62 §285. 00 1053. 67 1619.82 1410.41 1487.70
E-W-2 841. 61 2431.22 4239.75 1035.68 1628.90 1407.23 1472.18
F-W-1. 1025. 56 5275 375,65 79819 1443.81 1312.89 1631. 47
F-W-2 1069.62 5614. 09 4081. 61 844, 88 1464. 09 1338. 32 1642. 80
G-P-1 1343.94 4340, 19 1815.29 1334.20 744,60 736. 44 744.90
G-P-2 1351. 47 4408.01 1831. 13 1345, 41 735.81 727.92 736.22
G=P-3 1010.12 4509. 14 1966. 61 1018, 10 762.84 754,55 762.45
G—P—4 1032. 34 471141 1985.08 1029.10 755.27 747.68 755. 44
H-P-1 §95. 68 3777.80 4524, 97 1299, 34 760,21 745,89 4787
H-P-2 938. 66 3780.23 3900. 71 1225.35 757,49 743.93 746,20
H-P-3 943,67 3736.89 4056, 71 1234.18 754,03 740.31 742,42
[-P-1 1079. 63 6031.17 170174 318.54 738.49 733.81 744.55
[~P-2 1102. 63 6446. 22 1728. 36 826.03 701,43 T47.13 738.09
[-P-3 1105, 60 6370, 34 762.65 834.23 133.73 729.51 739. 60
G-W-1 110137 3074.91 5210.75 1094.23 1356.73 1315.05 1358. 9%
G-W-2 1208.83 3076. 14 5305.73 1206.70 1363. 14 1320.56 1363. 81
G-W-3 1056.78 3776.54 6701.27 1061.38 1419, 31 1380.77 1417.70
G-W-4 1080. 36 3934. 40 6837.77 1080. 36 1357.51 1324.00 1357.51
H-W-1 982. 85 2810.51 7231. 46 1015. 37 1395.50 1335. 31 1382, 11
H-W-2 954.92 2784. 80 6947.89 973. 88 1423. 54 1363.05 1391.75
H-W-3 1014, 71 2788.26 10540. 43 1192.52 1430, 09 1358.63 1373.13
I-W-1 1322, 94 7541.26 619167 970,81 1383. 80 1371.81 1427.23
-W-2 1296. 62 7043, 78 6355. 82 974,70 1375.24 1361. 86 1412.87
[-W-3 1292.92 7115.95 6200. 21 961. 30 1315, 20 1303. 33 1351. 88

P-Max : Expected maximum load based on each component properties. The number means each position of composite beams

shown Fig. 1. P:Particleboard web W Plywood web
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