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5 dawg sy S Jleel o - chomy Jato g Gl odd anslie Y-F Joox

6.5
82% 22% | oo
4 % 52% R= o -1.9%
0.5 S deg)fiamay 4253 kglem’)pis s E T e
2 98% &~
‘ IETETRV B s o T s a0% o ”
Erd g old Ghudelad goue (598 . I . i
(€ (G *
= 50
IPE 100 50x50x5  4.53 455  03%  1350.4 14144  4.5% é" 03% —_—

IPE 120 50x50x5  4.82 4.78 -0.9% 1323.5 1383.4 4.3%

»
4]

IPE 140 60x60x6 471 501  61%  1293.7 1368.3  5.5% T s
IPE 160 60x60x6 505 531  49%  1326.6 1420.0  6.6% 40

IPE 180 80x80x8 4.92 546  9.8% 12951 14023  7.6% 8 & & 8 8 8 & § R 8
IPE 200 80x80x8 5.24 5.80 9.7% 1361.9 1486.8 8.4% a a a a a a a a a a
IPE 220 80x80x8 5.52 5.82  52%  1356.0 1463.8  7.4% & you 5 0o

IPE 240 100x100x10 5.60 6.10 8.2% 1420.0 1540.0 7.8%
IPE 270 100x100x10 5.88 6.01 2.2% 1388.5 1469.1 5.5%
IPE 300 100x100x10 5.98 5.87 -1.9% 1348.0 1404.5 4.0%
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35 sk +IF o LS el Jomo — chonny Jabe g ola (oo damlie ¥ Jgo 60
8:5%  5.1%
>8 5.3% o~ 7 2.0%
102% 53% -~ = -2.0%
0.4 Consi (deg) iz, 41313 (Kglem?)eits s e PR 3
! 54 o - =
) Y CERWR) P RWR) e.; 52 51% 10'2501
Er s oyl (i oylads goue (598 ) GO (g ) '1) 50 P
s (s e 65%
o 4 o -’
IPE 100 50x50x5 4.26 4.28 0.6% 1338.5 1408.7 5.0% %ﬂ a6 -0.8/n’ s —_— suc
IPE 120 50x50x5 453 450  -0.8%  1312.4 13754  4.6% = 4a | 0% o .
IPE 140 60x60x6  4.40 4.71 6.5% 1276.3 1358.4 6.0% 4.2 b
IPE 160 60x60x6  4.73 4.98 5.1% 1310.7 1409.2 7.0% 4.0
o . 8 g g 3 8 8 Q g R 8
IPE 180 80x80x8 4.60 5.12 10.2% 1275.3 1389.8 8.2% =1 - - =1 — ~ ~ ~ ~ &
& & & & & & & & & &

IPE 200 80x80x8 4.89 5.44 10.2% 1341.4 1474.2 9.0%

IPE 220 80x80x8  5.16 5.45 5.3% 1339.4 1449.5 7.6% T o 6 0 ko

IPE 240 100x100x10 5.23 5.72 8.5% 1399.4 1525.4 8.3%

IPE 270 100x100x10 5.50 5.62 2.1% 1369.8 1451.8 5.6%

IPE 300 100x100x10 5.60 5.48 -2.0% 1328.8 1385.4 4.1%
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48 93% 2%
03 o deg) iz 4233 (kglem?)oits s E 0% SE% o~ o 28%
7 44 114% »> = =7
€AW €)W : 42 5.6% i
Erd s oled hso)lad goue (5,98 . G 594 . i 40 76% o0~ "
@ (o 2 45 06% -
w38 | 109 -
IPE100  50x50x5  3.47 3.51  12%  1296.3 13825  6.2% g 36 s
IPE 120 50x50x5 3.68 3.66 -0.6% 1268.5 1341.0 5.4% 34
IPE 140 60x60x6  3.53 3.81 7.6% 1215.0 1317.7 7.8% 3.2 i
IPE 160 60x60x6  3.81 4.03 5.6% 1254.7 1365.1 8.1% 3.0 s o S 3 S S o o S s
IPE 180 80x80x8  3.66 4.13 11.4% 1205.1 1340.8 10.1% = 3 - = - N N N ~N @
- & & g & & g -~

IPE 200 80x80x8  3.91 4.39 10.9% 1274.4 1424.0  10.5%

IPE 220 80x80x8  4.13 4.39 5.8% 1275.2 1394.0 8.5% T oyl

IPE 240 100x100x10 4.18 4.61 9.3% 1325.7 1468.5 9.7%

IPE 270 100x100x10 4.40 4.50 2.2% 1300.6 1387.0 6.2%

IPE 300 100x100x10 4.48 4.38 -2.4% 1259.4 1316.1 4.3%

55 ok IV (o K Jleel Joe - (i e 5 Gl (B g 4l amlie O-F S8

5 s Y g S Jlae! oo~ sty S 5 0l (o dglin ¥ Jpar 3s
33
0.2 S (deg) sizrn 4195 (kg/cmzmsls ety = 2; 127% 61% 1°<'i% 17% 4l
. . JETHIN RN o ppy 63 B = mo =7 72
Eri s o)l (i ojlads (goue (5,94 ) GouE (5y9M . 1 25 09% UL o=
e (o 3,5 | 22% =
IPE 100 50x50x5 2,11 2.16 2.2% 1007.5 1130.9  10.9% g" 21
IPE 120 50x50x5  2.38 2.36 -0.9% 11515 1235.7  6.8% 19 —t e
IPE 140 60x60x6  2.22 2.44 9.2% 1069.1 1201.1  11.0% 1.7 - 0=
IPE 160 60x60x6  2.41 2.57 6.3% 1112.8 1240.8  10.3% 15

IPE 180 80x80x8  2.28 2.62 13.1% 1046.9 1208.8 13.4%

IPE 100
IPE 120
IPE 140
IPE 160
IPE 180
IPE 200
IPE 220
IPE 240
IPE 270
IPE 300

IPE 200 80x80x8  2.44 2.79 12.7% 1110.2 1286.9  13.7%

IPE 220 80x80x8  2.60 2.77 6.1% 1123.2 1249.1 10.1% & o 6 0 ke

IPE 240 100x100x10 2.62 2.91 10.2% 1157.7 1318.5 12.2%

IPE 270 100x100x10 2.77 2.82 1.7% 1137.2 1227.4 7.3%

IPE 300 100x100x10 2.84 2.72 -4.1% 1099.4 1152.5 4.6%
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5 Jobo o1V gt ;S Jlesl Jos — gt Jato 5 ol (gies aunlie V-F oo 12

1.1 o 10.2% .

0.1 S (deg) iz 49l KglemP) it s A 10 6.3% 13.1%’1:7/.0 f';%» o 2 4.1%
o - s e RETSEN b 0o | 22% ~o
Erd s oled A oled goue 5598 . TN . i

e . 208
IPE 100 SOx50x5  0.87 0.87  -0.6% 8486 9947  14.7% 2 o7
IPE 120 50x50x5 092 0.87  -50% 8261 9234  10.5% =
IPE 140 60x60x6  0.61 0.69  11.0% 4592 6383  28.1% 0.6 e L
IPE 160 60x60x6 0.89 0.94  54% 7711 904.6  14.8% 0.5
IPE180  80x80x8 0.80 094  152% 6941 8689  20.1% g 8 § 8 8 8 § § R 8
IPE 200 80x80x8 0.87 101  13.7%  749.6 929.0  19.3% & & & & & & & & a &

IPE 220 80x80x8  0.95 0.99 4.7% 763.3 888.8 14.1% T o oyl

IPE 240 100x100x10 0.93 1.05 10.8% 769.3 941.3 18.3%

IPE 270 100x100x10 1.01 1.00 -1.6% 757.8 855.9 11.5%

IPE 300 100x100x10 1.07 0.95 -12.6% 735.7 790.5 6.9%
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75 g (o K Jleel Jore —(izmg jlo S Jlail 5 e (o2 anglin A Jgon 1600
1550 T 8%
: R 2 s : 8.4% 77N 559
0.5 O deg) iz 4133 kglem®)pils s }) 1500 o _74% 5%
@ 1450 | 4.5% 6.6% s T ¢ 9
RENCE RV S| o 50 i3 « 43% oo [ S 30%
Eros 6 oxlod (s oylods (gous (geH T sdas g . = 1400 5:5% = °
LG s 5 1350
IPE100  50x50x5 453 270  -67.6% 1350.4 1287.2  -4.9% B 1300
3 —_—r
IPE 120 50x50x5  4.82 2.67 -80.7%  1323.5 1221.4 -8.4% 1250 -——
IPE140  60x60x6 471 2.67 -76.0% 12937 11796  -9.7% 1200 el
IPE 160 60x60x6  5.05 2.80 -80.5%  1326.6 1216.6 -9.0% § a 3 § § § § g E §
IPE 180 80x80x8 4.92 2.78 -77.0%  1295.1 1178.2 -9.9% & a a a a a a a a a

IPE 200 80x80x8  5.24 2.99 -75.4%  1361.9 1256.6 -8.4%

IPE 220 80x80x8  5.52 2.89 -90.7%  1356.0 1212.0 -11.9%

IPE 240 100x100x10 5.60 3.06 -83.2%  1420.0 1281.4  -10.8%

IPE 270 100x100x10 5.88 2.84 -107.3% 1388.5 1179.1 -17.8%

IPE 300 100x100x10 5.98 2.65 -125.5% 1348.0 1096.9 -22.9%
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5 o+ F iy S ol Joma — iy 10,05 JL 5 ol g alie AF g 1600

1550
0.4 s (deg) iy 42515 (kg/em?)wis s 3, 1500
[ LEIIRW SN WS oy @ 1450
Ers s osled i oylod goue (5ygh ; GO 59 : 2 w00
s (s K
1350
IPE 100 50x50x5  4.26 2.45  -73.6% 13385 1242.7  -7.7% =
IPE 120 50x50x5  4.53 241  -87.8% 1312.4 1172.7 -11.9% = 1300
IPE 140 60x60x6  4.40 2.41  -82.5% 12763 11285 -13.1% 1250
IPE 160 60x60x6 4.73 252  -87.4% 1310.7 1162.8 -12.7% 1200

IPE 180 80x80x8  4.60 2.50 -83.6%  1275.3 1123.2  -13.5%

IPE 100
IPE 120
IPE 140
IPE 160
IPE 180
IPE 200
IPE 220
IPE 240
IPE 270
IPE 300

IPE 200 80x80x8  4.89 2.69 -81.7%  1341.4 1198.8 -11.9%

IPE 220 80x80x8  5.16 2.60 -98.6%  1339.4 1153.4 -16.1% T oyl

IPE 240 100x100x10 5.23 2.75 -90.2%  1399.4 1220.0 -14.7%

IPE 270 100x100x10 5.50 2.55 -116.1% 1369.8 1118.1 -22.5%

IPE 300 100x100x10 5.60 2.38 -135.3% 1328.8 1037.2 -28.1%

25 o TF gty S el o - gty bhe 5 ol i ol G Al A-F S5

75 dsb oV ey S Jlael Joro — iz 1o 8 Jlal 5 lar (s anglin V- -F Jgaxr 1600
1500 7%
P 2 TR Oom . 10.5%
0.3 G deg) iz 4y3l5 kglom?) 36 s : 6.2% 85% _ R _ 62%
Y 1400 sa% .. 8% 1019, 2~ 7 N

. RENTESIRWANS RENTESIRWANS ) LT el R 43%
T G ojlod et 0yled GO0 (5598 I : 2 0 =~ ~

IPE 100 50x50x5 3.47 177  -95.8%  1296.3 1093.4 -18.6% < 1200

IPE 120 50x50x5 3.68 1.72 -113.4% 1268.5 1014.7 -25.0% = 1100 —_——

IPE 140 60x60x6 3.53 1.68 -109.4% 1215.0 908.1  -33.8% — o=

IPE 160 60x60x6 3.81 1.79 -113.0% 1254.7 992.2  -26.5% 1000

S o 8 Q <3 3 & 8 8 <3 R 8
IPE 180 80x80x8 3.66 1.77 -107.2% 12051 951.2  -26.7% s 53 3 & ¥ R & 3 R R
& & & & & & & & & &

IPE 200 80x80x8 3.91 1.90 -106.0% 1274.4 1017.5 -25.2%

IPE 220 80x80x8  4.13 1.83 -126.0% 1275.2 971.4  -31.3% o 6 0 ke

IPE 240 100x100x10 4.18 1.94 -115.7% 1325.7 1029.3  -28.8%

IPE 270 100x100x10 4.40 1.78 -147.5% 1300.6 931.7 -39.6%

IPE 300 100x100x10 4.48 1.65 -170.7% 1259.4 857.2 -46.9%
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5 el IV s ;5T sl oo — sz 1o 18 Jlail g gl g anslin V1 -F Joor

1450
12.2%
. . ,\ . 20 ernoae B 13.7%
0.2 O (deg) iz 4915 Kglem®)eils s g, 10 6.8% 103% 13 0 o 201% 000 73%
R % 447 -~ P S0
ENTEARWIN ENTEURWIN 7 120 ,o-,”'o_/__o\_ prie ~ S\ 46%
Ers s olad (Shdoylad goue (598 GO (595 e 10.9%,~ ~ ° 4
o] (s TS0 | ¢f °
IPE 100 50x50x5 2.11 0.89 -137.1% 1007.5 799.0 -26.1% §D 1050
IPE 120 50x50x5 2.38 0.85 -180.4% 1151.5 720.6  -59.8% = 950 BT e
IPE 140 60x60x6 2.22 0.83 -165.4% 1069.1 673.3 -58.8% 650 T
IPE 160 60x60x6 2.41 0.87 -177.5% 1112.8 688.4  -61.6% s 9 ¢ 8 8§ 8 8 g 9 =8
IPE 180 80x80x8 3.66 0.85 -329.5% 1205.1 651.7 -84.9% Y S M S
[ [ [ [ [ [ [ [ [ [

IPE 200 80x80x8  2.44 0.92 -165.4% 1110.2 699.7 -58.7%

IPE 220 80x80x8 2.60 0.88 -196.8% 1123.2 659.5 -70.3% o 5 0 by

IPE 240 100x100x10 2.62 0.93  -181.2% 1157.7 700.9 -65.2%

IPE 270 100x100x10 2.77 0.85 -228.0% 1137.2 621.7 -82.9%

IPE 300 100x100x10 2.84 0.78  -263.5% 1099.4 564.2 -94.9%

b5 Jsb Y s LS Jlesl e — oty S g ol ok o3 25 anglis V)-F S

25 s IV iy S sl -ty fs,e Jlail 5 ol st gl 1YF i 1200
1100 114.7%
01 o deg) iy 425 kglem)pits s 3 1000 | & _105% 14.8% 193% ,  183%
- - ) S 201% 4 e 115%
WS wo yo WS ao yo @ 900 \ Peco= T =" > 6.9%
Erd s olad Sl oyload (soae (5)9% et Ged ‘ P RN
(o (s T
IPE 100 50x50x5  0.87 0.19 -360.1% 848.6 347.6 -144.1% s 7°
IPE 120 50x50x5 092 0.18 -420.1% 826.1 3010 -174.5% = 600
IPE 140 60x60x6 0.61 0.17 -258.7% 4592 2740 -67.6% 500 s
IPE 160 60x60x6  0.89 0.18 -401.2% 7711 2783 -177.1% 400
IPE 180 80x80x8 0.80 0.17 -367.1% 694.1 2588 -168.1% 8 |8 & 8 88 8 § § R 8
IPE 200 80x80x8 0.87 0.19 -369.6% 749.6 279.4 -168.3% - - -~ - - -
IPE 220 80x80x8 0.95 0.18 -439.8% 7633 258.7 -195.0% & you 5 0yloct

IPE 240 100x100x10 0.93 0.19  -400.6%  769.3 276.1 -178.7%
IPE 270 100x100x10 1.01 0.17 -508.7%  757.8 238.1 -218.3%
IPE 300 100x100x10 1.07 0.15 -606.2%  735.7 212.1 -246.9%
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585 Loy gy 00 1S 6,105k - oy Jabe Jlail 5 ol (oS 4l VYT Jpon a1

7 3.9 74% 19
0.5 S deg) iy 42915 Kglem®)pis Giss 37 07% 49% = = -2.4%
2 % 49% =
' RENTEY RV RENTEY RV ¥ 35 108% .0 == M
o s oslodt (phad ojlodt (GO0 (5598 G (G e . ,g) 32% -
o o RER!
IPE 100 50x50x5 270 272 0.5%  408.4 4254 0.96  4.0% ® 31
IPE 120 50x50x5  2.89 2.88  -0.5%  424.6 4468 095  5.0% 2 59 | os% —— e
IPE 140 60x60x6  2.80 3.03  7.7% 4231 4621 092  85% 57 -0 s
IPE 160 60x60x6  3.11 321  3.2%  454.8 4853 094  6.3% ,s

IPE 180 80x80x8  2.95 3.31 10.9%  442.0 493.5 0.90 10.4%

IPE 100
IPE 120
IPE 140
IPE 160
IPE 180
IPE 200
IPE 220
IPE 240
IPE 270
IPE 300

IPE 200 80x80x8  3.18 3.52 9.7% 468.1 518.7 0.90 9.7%

IPE 220 80x80x8  3.36 3.54 4.9% 480.6 526.0 0.91 8.6%

IPE 240 100x100x10 3.43 3.71 7.4% 493.3 549.7 0.90 10.3% i s oslos

IPE 270 100x100x10 3.67 3.67 -0.1% 515.7 549.4 0.94 6.1%

IPE 300 100x100x10 3.68 3.59 -2.4% 512.6 541.5 0.95 5.3%

5 dag (g 00 S - oy Jabe g Gl piS Gior sl awslie VY-F S

55 o 1Y ()2 m00 S (15,1 - o Jade JLail g ol (pies anqlin VF-F Jgunr 40
3.8 7.6%
o . B a 2. ag2 a e 6% %
0.4 ] (deg) sz a9l) Kglem®) eS8 iss _;‘: 36 100% 50% _ &~ -0'0/ 22.4%
5 PRV I P IRV : 34 1129 o = =7
. . - e S sae Se . N L0 o
Ers s oled Adolad (goue (598 . @I (G (S . 'z) 32 3.4%
S S ,;?D 3'0 80% #H ="
IPE 100 50x50x5 2.58 2.60  0.7%  396.3 4167 0.95  4.9% s = 04%_ o7 A s
IPE120  50x50x5  2.76 275  -0.4% 4124 4366 094  55% = 28 107% — o= s
IPE 140 60x60x6 2.66 2.89  8.0%  408.0 450.7 0.91 9.5% 26
IPE 160 60x60x6 2.96 3.07  3.4%  439.8 473.1 0.93  7.0% 24 Z Z -
IPE 180 80x80x8 2.81 3.16  11.2% 4249 480.5 0.88  11.6% g8 8 § 8 & 8 § § R 8
IPE 200 80x80x8 3.02 3.36 10.0%  450.4 505.2 0.89  10.9% & & & =& & & & & & &

IPE 220 80x80x8  3.20 3.38 5.0% 464.6 511.8 0.91 9.2% T o oyl

IPE 240 100x100x10 3.27 3.54 7.6% 476.2 534.9 0.89 11.0%

IPE 270 100x100x10 3.50 3.50 0.0% 499.6 533.6 0.94 6.4%

IPE 300 100x100x10 3.51 3.42 -2.4% 496.7 525.4 0.95 5.5%
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5 sk oIV gy 00 1S (108 -y Jae Jlall g ()l (ched dnlie VO-F Jgax 34

2 32 82%  0.0%
0.3 S deg) iy 42915 Kglem®)pis Giss R 30 110% 55% _ 0 = - -2.7%
G oy G oy 2 122% o= = =7
Erod g oled (Shdojlad GO0 (5 9% Lo (e o ; i 28 a0% -
e e 2 26 89% _ o~

IPE1I00  50x50x5 2.20 2.24  14% 3556 3875 0.92  8.2% S 01%_ o7 —— o
IPE120  50x50x5 2.37 2.36  -0.1% 3721 402.7 0.92  7.6% = — o s
IPE140  60x60x6 2.27 2.49  89% 3588 4135 0.87  13.2% 2.2
IPE160  60x60x6 2.53 2.64  4.0% 3912 4335 090  9.8% 20 - - -
IPE180  80x80x8 2.38 271  12.2% 369.7 4387 0.84  15.7% g8 8 § 8 8 8 & § R 8
IPE 200 80x80x8 2.57 2.88  11.0% 392.9 4617 0.85  14.9% & & & & & & & & & &

IPE 220 80x80x8  2.74 2.90 5.5% 413.2 466.1 0.89 11.3% T o oyl

IPE 240 100x100x10 2.79 3.04 8.2% 421.4 487.6 0.86 13.6%

IPE 270 100x100x10 3.00 3.00 0.0% 448.1 483.7 0.93 7.4%

IPE 300 100x100x10 3.01 2.94 -2.7% 446.5 4744 0.94 5.9%

73 ol 1Y gy 2 m08 S — o Jade g Gl (S Gioen argl) awulie VO-F S

55 Job IV (g m00 S (NS — i Jate Jlail g Gl o35 anlie VAT Jgur 26
L - - 2 i son 2.4 9.4% 0
0.2 S (deg) yuzms 41915 Kglem )56 uss = 128% 63% o 00% 530
WS oy WS | do yd 33 22 142% o= = o~ -
T s bl (hdojled (goue (5595 GO (5395 o 5.0% -
o - <3 20 105% _ o=~
o5 0.4% -
IPE 100 50x50x5  1.61 165  2.6%  271.2 326.8 0.83  17.0% é” 18 | 2.6% g —— e
IPE 120 50x50x5 1.74 175  0.4% 2915 3349 0.87  12.9% T e - o=
IPE 140 60x60x6 1.64 1.83  10.5%  262.8 340.9 0.77  22.9%
IPE 160 60x60x6 1.84 1.94 5.0% 296.6 356.6 0.83 16.8% 1.4
8 Q S 3 8 8 Q ] R 8
IPE 180 80x80x8 1.72 2.00  14.2% 263.7 3587 0.74  26.5% =] S A a2 g b5 S S ] 2
IPE 200 80x80x8 1.85 212  12.8% 2822 3782 0.75  25.4% & & & & & & & & & &

IPE 220 80x80x8  2.00 2.13 6.3% 314.9 379.5 0.83 17.0% T o 6 0 ke

IPE 240 100x100x10 2.03  2.24 9.4% 315.5 397.5 0.79 20.6%

IPE 270 100x100x10 2.21 2.21 0.0% 351.2 390.7 0.90 10.1%

IPE 300 100x100x10 2.23  2.16 -3.3% 353.5 380.9 0.93 7.2%

55 b IV gy 00 S = o Jake 5 (lr ot Giame agly aealie VP-F S

AY



5 sk 1Y gy 00 S (1081 iy Jae Jlail g ()l (ched dnlie VY-Y Jga

0.1 o (deg) iz 4295 (Kglem®)oits o
€ LR WP L2 RW R

CrP@ et rhafet (goss g . SO gt o )
s s

IPE 100 50x50x5  0.85 0.89  4.6%  105.6 212.0 0.50  50.2%
IPE 120 50x50x5 093 0.93  0.8%  139.7 212.9 0.66  34.4%
IPE 140 60x60x6 0.84 0.98 13.7%  90.0 2140 042  57.9%
IPE 160 60x60x6 096 1.04  7.0%  126.6 223.2 0.57  43.2%
IPE 180 80x80x8  0.87 107  181%  77.1 222.6 0.35  65.4%
IPE 200 80x80x8  0.94 113  166% 856 2353 0.36  63.6%
IPE 220 80x80x8 1.05 1.14  80%  140.4 2342 0.60  40.1%
IPE240  100x100x10 1.05 1.19  11.9% 1245 245.8 051  49.3%
IPE270  100x100x10 1.17 1.17  0.0% 1817 2384 0.76  23.8%
IPE300  100x100x10 1.20 1.15  -49%  194.7 230.4 0.85  15.5%

7 Ly gy —00 TS (6,051 - ey )10 58 JLail 5 ol dd dglie VASY oo

0.5 O deg) i 41315 Kglem?) 3l s
) CZ R WY M| s 4o

Ers g old Aoyl (gous (5595 GO (598 )
s

IPE 100 50x50x5 2,70 1.35 -100.1% 408.4 3315 -23.2%
IPE 120 50x50x5 2.89 133 -116.8% 424.6 3284  -29.3%
IPE 140 60x60x6 2.80 1.34 -109.1% 423.1 325.5 -30.0%
IPE 160 60x60x6 3.11 1.40 -122.3% 0.0 3379 100.0%
IPE 180 80x80x8 2.95 1.39 -112.2% 442.0 332.7 -32.8%
IPE 200 80x80x8 3.18 1.49 -112.8% 468.1 353.1 -32.6%
IPE 220 80x80x8 3.36 1.45 -132.6% 480.6 346.2 -38.8%
IPE240  100x100x10 3.43 1.53 -124.5% 493.3 3647 -35.3%
IPE270  100x100x10 3.67 1.42 -158.6% 5157 344.0 -49.9%
IPE300  100x100x10 3.68 1.33 -177.0% 512.6 3251 -57.7%

14
13
12
11

1.0

(deg) Jiaem 419l5

0.9

0.8

0.7

650

600

550

500

450

(kg/cm?) 36 s

400

350

11.9%  0.0%
166% 80% oo _
181% = = =
-
—of

7.0%

9
4.6% —— ue
= 0= E

8 I g 8 & 8 N g R 8
— - - - - o~ (o] o~ o~ o
w w w w w w w w w w
=3 = = =3 = = = = =3 =

o oyl

o 03 S~ Jabe 5 Ol (oA Ghar asly alie \Y-F S0

103% 6.1% 539
97% 86%  om— o o _,
-

104% = =9
-

By

8 Q <3 3 8 8 Q <3 R 8

— — — — - ('] o~ o~ o~ (22}

w w w w w w w w w w

= s a = = = & a = s
Eyoud s o)l

5 ay () 52 00 S — o Jade 5 Gl o @ 25 Alie VAST S0
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25 Jsb TF oy 03 S (6L — oy o Ll g ol (i Al VA-F Jga 650

0.4 S (deg) yiuzy as9l3 (kg/cmzwﬁ_,w }) °% 11.0% 6.4% 5o
ENTEL W TR W a %0 109% 9% _ om w0 o 1
Erd s obed (A ojlad goue (5y9% . GO (59 . 2 500 7.0% 116% o = =
= [ NE 5% 9.5% - s
IPE 100 50x50x5 2.58 126 -105.0% 396.3 3053  -29.8% o 450 | 49% - oo
IPE 120 50x50x5  2.76 124 -122.6% 412.4 300.4 -37.3% = 200 .
IPE 140 60x60x6  2.66 1.24 -114.4% 408.0 296.4  -37.6% s
IPE 160 60x60x6 2.96 1.30 -1282% 0.0 307.3  100.0% 350 = Z -
IPE 180 80x80x8 2.81 129 -117.6% 4249 301.8  -40.8% § E % % % g 5 % E %
a a o a a o a o a a

IPE 200 80x80x8  3.02 1.38 -118.2% 450.4 320.5 -40.5%
IPE 220 80x80x8 3.20 1.34 -139.1% 464.6 3134 -48.3% T s oyl
IPE 240 100x100x10 3.27 1.42 -130.5% 476.2 330.3 -44.2%
IPE 270 100x100x10 3.50 1.31 -166.3% 499.6 310.2 -61.0%
IPE 300 100x100x10 3.51 1.23  -185.6% 496.7 292.3  -69.9%

75 o +TF 108 S iy b 0l gt o (55 dllin ) A-F S

75 Jobo oIV gy 2 —00 S (6,105, - phizey J10 5.8 Jlail g ol cb ann i YooY Jsan 550
> 13.6% 7.4% 5.9%
0.3 s deg) o 43913 kglem?) o6 s % 500 14.9% 113%  om — o _ ) o
; N TERWINY N TERWINY @ 4o , O8% 15‘7:A’a ©==<
Exond 5 Olod (i ojlod (go0e (6,95 L sdae el : * 76% 3% o= 0
o] o] S 8.2% _
E 400 -
IPE 100 50x50x5  2.20 0.99 -122.7% 355.6 216.9 -64.0% Sy — e
IPE 120 50x50x5  2.37 0.97 -143.4% 372.1 207.6 -79.2% = 350 -
IPE 140 60x60x6  2.27 0.97 -133.4% 358.8 201.5 -78.1% @
IPE 160 60x60x6 2.53 1.01 -149.4% 0.0 208.0 100.0% 300
8 Q <3 3 8 8 Q <3 R 8
IPE 180 80x80x8 2.38 1.01 -136.7% 369.7 202.0 -83.0% =1 - ~ — pat N ~ ~ ~ &
& & & & & & & & & &

IPE 200 80x80x8  2.57 1.08 -137.4% 392.9 215.2 -82.6%
IPE 220 80x80x8  2.74 1.04 -162.2% 413.2 208.1  -98.6% & o 5 0 ke
IPE 240 100x100x10 2.79 1.11  -152.3% 4214 2199 -91.6%
IPE 270 100x100x10 3.00 1.02  -193.7% 448.1 203.0 -120.7%
IPE 300 100x100x10 3.01 0.95 -216.2% 446.5 189.1 -136.1%

75 o T s 03 S = sy b 5 ol (s 5 (55 dglhin V¥ S

AF



25 Jsb Y oy 03 S (6L — iy o Ll g ol (i alie YV -F g 450

206% 101%
. B sg aew . 25.4% 17.0% : 7.2%

0.2 G (deg) sizrs 419l Kglem?)its s 3 400 168% 265% g o e = O T = = L

o 22.9% -
FENEEU W JEEEU W @ 35 |17.0% 129% D e —
Erd s olad (Shueslead goue (5598 LGt o . * ="
e e £ 3
IPE 100 50x50x5 161 0.60 -167.3% 2712 332  -717.2% é o
IPE 120 50x50x5 174 0.59 -196.1% 2915 22.4 -1201.7% = 250 -

IPE 140 60x60x6  1.64 0.58 -180.8% 262.8 16.1 -1529.5% @
IPE 160 60x60x6  1.84 0.61 -202.6% 0.0 152  100.0% 200 s = s = s s = = = =
IPE 180 80x80x8 1.72 0.60 -184.6% 263.7 11.0 -2302.0% g §& § 8 2 g§ & & &R’ 8
& & & & & & & & a &

IPE 200 80x80x8  1.85 0.65 -185.6% 282.2 12.9 -2090.9%
IPE 220 80x80x8 2.00 0.62 -220.1% 3149 8.6 -3552.2% T s oyl
IPE 240 100x100x10 2.03 0.66 -206.7% 315.5 10.0 -3047.2%

IPE 270 100x100x10 2.21 0.61 -262.8% 351.2 3.4 -10136.8%

IPE 300 100x100x10 2.23 0.57  -293.7% 353.5 -0.3 106090.0%

75 ok IV gy 00 S — o Juade 5 Gl ot o 25 Al TN -F S0

55 Job o1V (g 1m0 1S (6051 sty 10 S Jlail g gl phad Ay lie VYT oo 300
N 40.1% 23.8% 1559
0.1 o deg) sias 413l5 Kglem?) 3l s % 250 f g0 0 57.9% B34% o e = S =m0
¢ = =0 -
) RNV RNV @ 0 | TTTF . 49.3%
s s oyled (Ghuiojleds goue ()58 L eses e ‘ x 34.4% 43.2% 63.6%
. - € 150
IPE 100 50x50x5 0.85 0.20 -314.4% 105.6 -314.4 133.6% %D o
IPE 120 50x50x5 0.93 0.20 -370.4% 139.7 -311.1 144.9% = 100 - 0= .4
IPE 140 60x60x6  0.84 0.19 -334.7% 90.0 -307.7 129.3%

IPE 160 60x60x6  0.96 0.20  -376.2% 0.0 -319.3 100.0% 50
IPE 180 80x80x8 0.87 0.20 -337.7% 77.1 -313.9 124.5%

IPE 200 80x80x8 0.94 0.21 -340.0% 85.6 -333.3 125.7%

IPE 220 80x80x8  1.05 0.21  -407.8% 140.4 -326.3 143.0% & o 5 0 ke
IPE 240 100x100x10 1.05 0.22  -381.3% 124.5 -343.8 136.2%

IPE 270 100x100x10 1.17 0.20  -489.0% 181.7 -323.5 156.2%

IPE 300 100x100x10 1.20 0.18 -551.4% 194.7 -305.1 163.8%

IPE 100
IPE 120
IPE 140
IPE 160
IPE 180
IPE 200
IPE 220
IPE 240
IPE 270
IPE 300

75 o IV (s 03 5 = ey e 5 ol (s 5 55 gl TY-F S
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i Jate Jlail 5 i oS Jlail b ol guld 5 ad plsl s 3 (ad VoY Jsuz 5o L]
Jlos!l oo 55 058 (85 9 505 (i e o35 50 G510k 0 dglia o Jslazr 5 jloges B 5o

Sl ool duglie Jore e 10 (65955 Jlail g0 (5B i g tomo b g (g pSoslal L
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75 dawg sty (S Jleel e - cdamy 10 55 Jlall 5 (rendd g dnlie YY-F Joo 32

31 F
0.5 St deg) iy 419l3 kglem®) i s S 30
S ws yo €, RWRE ag 29
Er s oyl hadoyled goue (5)HgM : GO g : i 28 | pg—l
(s () 3 ’/
27 F & o -1.6% _1 79
IPE 100 80x80x8 2.95 270  -9.3%  1184.8 1287.2  8.0% %" 035 ~—=9 1.7% v
IPE 120 80x80x8 2.97 267 -11.4% 1086.4 1221.4  11.1% = 26 93% 4149 -3.0% — e -2.5%
IPE140  100x100x10 2.75 2.67  -3.0%  1080.6 1179.6  8.4% 25 0T e
IPE160  100x100x10 2.84 2.80  -1.6%  1111.8 1216.6  8.6% 24 s ' " ' < ' s ' - ' < ' - ' < ' - ' s
IPE180  100x100x10 2.83 2.78  -1.7%  1087.2 1178.2  7.7% = S 3 I ] S ] 3 R =
& & & & & & & & & &

IPE 200 100x100x10 3.08 2.99 -3.3% 1176.0 1256.6 6.4%
IPE 220 100x100x10 2.98 2.89 -3.2% 1136.1 1212.0 6.3% T oyl
IPE 240 120x120x12 3.12 3.06 -2.2% 1207.7 1281.4 5.8%
IPE 270 120x120x12 2.91 2.84 -2.5% 1122.6 1179.1 4.8%
IPE 300 120x120x12  2.72  2.65 -2.5% 1047.8 1096.9 4.5%

5 g 5 ol oo~ iy 58 JL 5 (ponts (g i sl lie YT-F S5

25 ol ¥ oy S el Jove = iy 10,25 Jlail 5 (ored (oo Ao YE-F Jour 29
> 2.8
0.4 S (deg)sizry 4155 kglem®)wils s R 59
Y oy B oy e be
Ers g oledt hoyled goue (598 ) T ) '}, :
L Ee ; 2.5
IPE 100 80x80x8  2.40 2.45 1.9% 11346 1242.7  87% E’ 4 S ~— o7 16% 17y ¢
IPE 120 80x80x8 2.71 241  -12.5% 1039.0 1172.7  11.4% = 93% 4% -3.0% ——
IPE140  100x100x10 2.49 241  -3.1% 10285 11285  8.9% 23 - 0= “2:5%
IPE160  100x100x10 2.57 2.52 -1.8%  1060.1 1162.8 8.8% 2.2
S " 8 c <3 3 8 8 < <3 R 8
IPE180  100x100x10 2.55 2.50  -1.8%  1033.8 1123.2  8.0% =4 S 3 S & < S S R a
& & & & & & & & & &

IPE 200 100x100x10 2.78 2.69 -3.3% 1118.7 1198.8 6.7%
IPE 220 100x100x10 2.69 2.60 -3.4% 1079.4 1153.4 6.4% o 5 0 ke
IPE 240 120x120x12 2.81 2.75 -2.2% 1146.9 1220.0 6.0%
IPE 270 120x120x12 2.61 2.55 -2.5% 1062.5 1118.1 5.0%
IPE 300 120x120x12 2.44 2.38 -2.5% 988.8 1037.2 4.7%

75 ol TF Sl el s = iy oS ol 5 ot rid i sl Al VE-F S5
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5 Jeb IV o S Jleel oo - stz 10 108 Jlail g e (cdd 4 la YO-F Joor 21

2.0
03 - deg) iz 4133 (Kglem®) s s 2 19 <
ENTEA WIS N TEU RV ag 18 | o o - %57 39%
Erod s oslads (Sl o)lads goue (598 G 5y9N ] -7 -3.9%
s s % L7 [ 1599 162 24% 5%
o 1. T 39
IPE 100 80x80x8 144 177 18.9% 9753 1093.4  10.8% %" 6 3.7% 2.5%
- —h—
IPE 120 80x80x8 2.00 172 -162% 8887 10147  12.4% L5 e
IPE140  100x100x10 1.75 1.68 -3.7%  816.0 908.1  10.1% 14 - 0= e
IPE160  100x100x10 1.83 179  -2.4%  896.8 9922  9.6% 13 = 5 s = 3 s s s = =
IPE180  100x100x10 1.81 177  -2.5%  869.2 9512  8.6% g & 3§ & = g 8 I R 3
& & & & & & & & & &

IPE 200 100x100x10 1.97 1.90 -3.9% 942.3 1017.5 7.4%
IPE 220 100x100x10 1.90 1.83 -3.9% 902.7 971.4 7.1% T oyl
IPE 240 120x120x12 1.98 1.94 -2.0% 958.4 1029.3 6.9%
IPE 270 120x120x12 1.82 1.78 -2.5% 879.2 9317 5.6%
IPE 300 120x120x12 1.70 1.65 -2.5% 811.8 857.2 5.3%

g5 Jsb o IV 5 Jlesl Joee — stz 10508 Jlail g penis (siies (ioma gy sl YO-F S

25 ol Y sty S5 ol Jore — gy 1o o8 Jlsil 5yt (o duglia VF-F gz 11
> 1.0
X - . d - ‘. /Cm :lé ERTd -
0.2 S (deg) sy 42915 kg IS (S ;,": 09 o~ - ,’n“~o" R
) ENTEARWIR Wi | o yo t os | 37.0% V-0 -" 7 49% , Lo%
Erod s osled (A o)lad gous (588 : GouE (5y9H ) '}) : T 254% a9 37% 38% 2% 2.4%
e Ee = 0.7 -2.5%
IPE 100 80x80x8 0.56 0.89  37.0% 6784 799.0 151% )
= 0.6 —— e
IPE 120 80x80x8 1.07 0.85 -254% 616.7 720.6  14.4% ¢
IPE140  100x100x10 0.88 0.83 -5.4% 578.7 6733  14.0% 05 = 0= s
IPE1I60  100x100x10 0.90 0.87 -3.7% 604.9 688.4 12.1% 04
" S 8 c <3 3 8 8 < <3 R 8
IPE1I80  100x100x10 0.88 0.85 -3.8% 582.4 651.7  10.6% 2 S S 3 3 Q N & ~ b
& & & & & & & & & &

IPE 200 100x100x10 0.96 0.92 -4.9% 633.7 699.7 9.4%
IPE 220 100x100x10 0.92 0.88 -5.2% 603.3 659.5 8.5% o 5 0 ke
IPE 240 120x120x12 0.95 0.93 -1.9% 638.2 700.9 9.0%
IPE 270 120x120x12 0.87 0.85 -2.4% 576.9 621.7 7.2%
IPE 300 120x120x12 0.80 0.78 -2.5% 527.4 564.2 6.5%

55 Jsb < IV X Jleel Joro — im0 ,108 Jlail 5 cpennitd (2 Giomm a5l anlie YP-F IS



75 deb 1Y e S Jleel oo - stz 10 18 Jlail g et (cdd e YY-F Joor 030

0.28 —
) . . deg), aals /cm2 HEPAt) = 0.26
0.1 Cnd 8) s 4915 kg e a;: 024 —-——
L) CZ R WSS WS v yo ¢ 0.22
Erw s oledt Lhudoylal (goue (5)98 ) GO (5y98 . i 020
< < 5018 | T S~e - -
IPE 100 80x80x8 0.25 0.19 -32.7%  269.1 347.6  22.6% o 016 [327% 55 6% 9 9% 9.
IPE 120 80x80x8 0.28 0.18 -58.6%  250.6 301.0  16.7% = 014 PP 141% TUP -8.9% 23%
IPE140  100x100x10 0.19 0.17 -14.1% 210.8 2740  23.1% 0.12 9%
IPE1I60  100x100x10 0.19 0.18 -9.9% 223.5 278.3 19.7% 0.10 S - o 2 2 S - o 5 s
IPE180  100x100x10 0.19 0.17  -8.9% 2146 258.8  17.1% S S 3 3 ] < S S R 2
& & & & & & & & & &

IPE 200 100x100x10 0.20 0.19 -9.2% 237.5 279.4 15.0%
IPE 220 100x100x10 0.19 0.18 -9.6% 225.0 258.7 13.0% T oyl
IPE 240 120x120x12 0.19 0.19 -1.6% 234.2 276.1 15.2%
IPE 270 120x120x12 0.17 0.17 -2.3% 210.6 238.1 11.6%
IPE 300 120x120x12 0.16 0.15 -2.9% 192.6 212.1 9.2%

75 ok oV S Jleel oo —(pdamn 158 Jlail ot (ot S gl amlia YY-F S0

55 g (o S Jlesl Joo —(shomy Jabe 5 Hordd (S dylie YAST Jour 1350

-9.3% -2.2%

. dez) & " TR0 6 ot 1300 | o -33% 2
0.5 Cod deg) oy 41515 kglem*eis s 3 1250 N 114% -1.6% Lo 2% N
IENTEI W ENEEI WS 2 oo o 3.0% L& -17% S N 25%
Erd s oled SAsoylad gous &% T esue B ; * ST SN a
. : £ 1150 \-2.5%
IPE 100 80x80x8 2.95 4.55 35.0% 1184.8 1414.4 16.2% % 1100
IPE 120 80x80x8 2.97 4.78 37.8% 1086.4 1383.4 21.5% =
IPE 140 100x100x10 2.75 5.01 45.1% 1080.6 1368.3 21.0% 1050 - 0= E

IPE160  100x100x10 2.84 5.31 46.5%  1111.8 14200 21.7% 1000
IPE180  100x100x10 2.83 546  48.2%  1087.2 1402.3  22.5%

IPE200  100x100x10 3.08 5.80  46.8% 1176.0 1486.8  20.9%

IPE220  100x100x10 2.98 582  48.7%  1136.1 1463.8  22.4% & 2509 6 0yloud
IPE240  120x120x12 3.12 6.10  48.8%  1207.7 1540.0  21.6%

IPE270  120x120x12 291 6.01  51.6%  1122.6 1469.1  23.6%

IPE300  120x120x12 2.72 587  53.7%  1047.8 14045  25.4%

IPE 100
IPE 120
IPE 140
IPE 160
IPE 180
IPE 200
IPE 220
IPE 240
IPE 270
IPE 300

75 a5 Jloe! oo iy 51 5a8 il g o i o8 5 Ao YASF S5
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o5 Job oI iz S Jlosl oo — iy Jate § onid gl A lio YA-F oo

1350
. - . la LR T 8‘7% 0
0.4 o (deg) oy 419l3 KglemP)it6 s '1) 150 | o 1140 7% 6.0%
G 8.8% 9 o
T RWINY M| oy ) s So. 89% 8.0% O~ \6'4/: Z N 509
Exoss § ol (o ojlod (00 (g9 Eoue (59N 1150 RO Y e »
IPE100  80x80x8 240 428  43.9%  1134.6 1408.7  19.5% 5 100
IPE120  80x80x8 271 450  39.7%  1039.0 13754 24.5% = 4
IPE140  100x100x10 2.49 471  47.1% 10285 1358.4  24.3%
IPE160  100x100x10 2.57 4.98  48.5%  1060.1 1409.2  24.8% T T . 5 s = 5 5 = s
IPE180  100x100x10 2.55 512  50.2%  1033.8 1389.8 _ 25.6% g &8 3§ &8 & g § § R’ 38
& & & & & & & & & &

IPE 200 100x100x10 2.78 5.44 48.9% 1118.7 1474.2  24.1%

IPE 220 100x100x10 2.69 5.45 50.7% 1079.4 1449.5 25.5% T o s oyl

IPE 240 120x120x12 2.81 5.72 50.9% 1146.9 1525.4  24.8%

IPE 270 120x120x12 2.61 5.62 53.6% 1062.5 1451.8  26.8%

IPE 300 120x120x12 2.44 5.48 55.6% 988.8 1385.4  28.6%

5 Jsbo 18 S5 Jlee! omn — ey 158 JLail 5 panits i oilE (55 gl YA-F IS

5 Jobo oV sy S Jlesl e — stz Jabio 5 (erd (pdd dglia T -F Jouo 1200
1150 |10.8%
03 S (deg) o 41913 kglem?) i s 1) 100 A 7.4% 6.9%
3 1050 < 9.6% .
. o et L aues o T 3, 1000 ] »po B6% ’Q‘Mﬁ”o\\ssw
Eros s oyl (i oylads GOue (5)gh mui BB T 0o goue (5 98 : P N J0.1%~ g “
[l F: v’ 5.39
€ 900 < 5:3%
IPE 100 80x80x8 1.44 3.51 59.1% 975.3 1382.5 29.5% = 850
IPE 120 80x80x8 2.00 3.66 45.3% 888.7 1341.0 33.7% = 800 — e
IPE 140 100x100x10 1.75 3.81 54.2% 816.0 1317.7 38.1% 750 -
IPE1I60  100x100x10 1.83 4.03 54.6% 896.8 1365.1  34.3% 700
S S 8 Q e 3 8 8 Q < R 8
IPE180  100x100x10 1.81 4.13  56.1%  869.2 1340.8  35.2% S S 3 s s 5 S S S =S
& & & & & & & & & &

IPE 200 100x100x10 1.97 4.39 55.1% 942.3 14240 33.8%

IPE 220 100x100x10 1.90 4.39 56.7% 902.7 1394.0  35.2% & o 6 0 ke

IPE 240 120x120x12 1.98 4.61 57.1% 958.4 1468.5  34.7%

IPE 270 120x120x12 1.82 4.50 59.5% 879.2 1387.0  36.6%

IPE 300 120x120x12 1.70 4.38 61.2% 811.8 1316.1 38.3%

75 ol 5 Jael o = sy oS Sl 5 (st (g o5 (55 gl - JS2

ay



25 Jsb 1Y o 5 Jlee! Jos — st e 5 et (oo Al TV -F Jpu 000

850
0.2 @and (deg) iz 42915 KglemP)eis a5 ‘1) 800
WS v yo @ 750
Exos § Old (o ojlod (§308 (69 md IS do g3us (558 ‘ P
- g 650

IPE 100 80x80x8 0.56 2.16  74.0%  678.4 11309  40.0% 3
IPE 120 80x80x8 1.07 2.36  54.9% 6167 12357  50.1% = 60
IPE140  100x100x10 0.88 2.44  64.0%  578.7 1201.1 51.8% 550
IPE160  100x100x10 0.90 2.57  65.0% 6049 1240.8 51.3% 500

IPE 180 100x100x10 0.88 4.13 78.6% 582.4 1340.8  56.6%

IPE 100
IPE 120
IPE 140
IPE 160
IPE 180
IPE 200
IPE 220
IPE 240
IPE 270
IPE 300

IPE 200 100x100x10 0.96 2.79 65.5% 633.7 1286.9  50.8%

IPE 220 100x100x10 0.92 2.77 66.7% 603.3 1249.1 51.7% E o oyl

IPE 240 120x120x12 0.95 2.91 67.5% 638.2 1318.5 51.6%

IPE 270 120x120x12 0.87 2.82 69.3% 576.9 1227.4  53.0%

IPE 300 120x120x12 0.80 2.72 70.6% 527.4 1152.5  54.2%

5 Jsbo 1Y S5 Jlee! omn — sy 158 JLail 5 panits i ol (5 daglio ¥1-F IS

75 ok N (i SR el Joe -y Jate 5 et (25 dlie VYT oo 400
22.6% —_—— o
0.1 - deg) iy 415l kglem’)pis s 377 NN aemm - o= o
) PE IR WY D 300 N < 23.1% 19.7% 15.0% 15.2%
T s osled hogled gous (6598 i BMisluo (goue (5,98 ) } \\O-""'o\ 17.1%’@\13.0%
] NE 550 S0 - ~o- - O U1.6%

IPE100  80x80x8 025 0.87  71.0%  269.1 994.7  73.0% > oS 9%
IPE120  80x80x8 0.28 0.87  68.0%  250.6 9234  72.9% = 2w 3
IPE140  100x100x10 0.19 0.69  71.7% 2108 6383  67.0%
IPE160  100x100x10 0.19 0.94  79.3% 2235 904.6  753% 150

IPE 180 100x100x10 0.19 0.94 80.2% 214.6 868.9 75.3%

IPE 100
IPE 120
IPE 140
IPE 160
IPE 180
IPE 200
IPE 220
IPE 240
IPE 270
IPE 300

IPE 200 100x100x10 0.20 1.01 80.0% 237.5 929.0 74.4%

IPE 220 100x100x10 0.19 0.99 80.6% 225.0 888.8 74.7% & o 5 0 ko

IPE 240 120x120x12 0.19 1.05 81.9% 234.2 941.3 75.1%

IPE 270 120x120x12 0.17 1.00 82.9% 210.6  855.9 75.4%

IPE 300 120x120x12 0.16 0.95 83.6% 192.6  790.5 75.6%

o5 Jsbo 1 S Jleel e = iy 1955 Ll 5 (it s ol 255 Amlie ¥Y-F IS5
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75 day (g 03 S (6Tl — gty I 1S Jlail 5 et (s s VY- Jpor 17

1.6
0.5 Cod (deg) iz 41915 KglemP)pit6 s .~ 16
o 15
RENIT WIS RENTES OIS 3 s
T s o)ledt (S oylod  (gous (590 GO Gy S — - &
i o 4 L LE=- -5.5% N
5 * o5 14 -~ =" 56% 9% -3.3% -
IPE 100 80x80x8 152 135 -12.1% 284.0 3315 0.86  14.3% L 13 |y 9%
IPE 120 80x80x8 158 133 -185% 2762 3284 0.84  15.9% T 13 “18.5% -6.2% —t— e -33%
IPE140  100x100x10 142 134  -62% 2907 3255 0.89  10.7% 12 ———
IPE160  100x100x10 148 140  -56% 3122 3379 092  7.6% 12 = = 3 @ 3 s = < = =
IPE180  100x100x10 146 139  -49% 3082 3327 093  7.4% g & § &8 8 8 & § K 8
a a a a a a a a a a

IPE 200 100x100x10 1.58 1.49 -5.7% 330.1 353.1 0.93 6.5%
IPE 220 100x100x10 1.52 1.45 -5.5% 323.0 346.2 0.93 6.7% o s 0yl
IPE 240 120x120x12 1.58 1.53 -3.2% 339.5 364.7 0.93 6.9%
IPE 270 120x120x12  1.47 1.42 -3.3% 323.4 3440 0.94 6.0%
IPE 300 120x120x12  1.37 1.33 -3.3% 305.8 325.1 0.94 5.9%

35 fag (g 03 S — i 10 S JLal g et (S o Al Al YT-F S0

35 sl 1T gy 03508 (NSl —(phamn )10 S JLal g e (5 i TE-F Jour 16
L. - ) A o oen 15
0.4 Ovowe} (deg) iz 4915 Kglem®) Wil s 2
M| s yo ) CZ R WY Q:; 14
Ers s ol (Hoyled (goue (5% ‘ EONE (5yg o ) i 13 =
41 _
o (= o~ o - ~
= ———-— O 55% _2.9% -33%
IPE 100 80x80x8 1.41 1.26 -12.4%  258.0 305.3 0.85 15.5% L 12 1124% 1999 -63% o 32%
IPE 120 80x80x8  1.48 1.24  -19.2%  250.3 300.4 0.83 16.7% T G =en
IPE140  100x100x10 1.32 1.24 -6.3%  261.8 296.4 0.88 11.7% - 0= s
IPE 160 100x100x10 1.37 1.30 -5.5% 281.8 307.3 0.92 8.3% 1.0 z - -
IPE 180 100x100x10 1.35 1.29 -4.9% 277.6 301.8 0.92 8.0% 8 o S 8 3 8 ~ N ~ 8
& & & & & & & & & &

IPE 200 100x100x10 1.46 1.38 -5.7% 297.7 320.5 0.93 7.1%
IPE 220 100x100x10 1.41 1.34 -5.5% 290.9 3134 0.93 7.2% & o 5 0 ke
IPE 240 120x120x12  1.46 1.42 -3.1% 305.5 330.3 0.93 7.5%
IPE 270 120x120x12  1.36 1.31 -3.3% 290.0 310.2 0.93 6.5%
IPE 300 120x120x12  1.27 1.23 -3.2% 273.6292.3 0.94 6.4%

75 ol T gy 00 S - iz )10 S L] g e (o2 AT A9l A0 VST UL

0



75 sl I gy me0 S (1051 iy 10 1S Jlail g e (pes Aunlie YO-F Jgur

03 G (deg) iz 41915 KglemP)pit6 s
) LELRW R S ws yo
Ero g osled (Shadojled (goue (590 . EO4E 5y Lo )
(€l [Cond
IPE 100 80x80x8 1.12 0.99 -13.2% 171.0 216.9 0.79 21.2%
IPE 120 80x80x8 1.18 0.97 -21.6% 165.2 207.6 0.80 20.4%
IPE 140 100x100x10 1.03 0.97 -6.4% 167.9 201.5 0.83 16.7%
IPE 160 100x100x10 1.07 1.01 -5.5% 183.2 208.0 0.88 11.9%
IPE 180 100x100x10 1.06 1.01 -4.9% 179.1 202.0 0.89 11.3%
IPE 200 100x100x10 1.14 1.08 -5.6% 193.2 215.2 0.90 10.3%
IPE 220 100x100x10 1.10 1.04 -5.5% 187.8 208.1 0.90 9.7%
IPE 240 120x120x12 1.13 1.11 -2.7% 196.2 2199 0.89 10.8%
IPE 270 120x120x12 1.05 1.02 -3.0% 184.2 203.0 0.91 9.3%
IPE 300 120x120x12 0.98 0.95 -3.0% 172.2 189.1 0.91 9.0%

5 sl IV gy me0 S (1081 - iz 1o S Jlail g et (ched A lie YT Jga

0.2 s deg) iz 4195 (Kglem?)eits s

M| s yo ) CZ R WY

Ers g old (Aol gous (598 ‘ EONE (5yg o )
(st s

IPE 100 80x80x8 070 0.60 -154%  -83 332 -0.25 124.9%
IPE 120 80x80x8 075 0.59 -27.6% -42 224 -0.19 118.6%
IPE140  100x100x10 0.62 0.58 -6.8% -143 161 -0.89 189.0%
IPE160  100x100x10 0.64 0.61  -5.3% -70 152 -0.46 146.3%
IPE180  100x100x10 0.63 0.60  -4.6% -87 110 -079 179.2%
IPE200  100x100x10 0.68 0.65  -5.3% -6.7 129 -052 151.8%
IPE220  100x100x10 0.66 0.62  -5.4% -70 86 -0.81 181.3%
IPE240  120x120x12 0.67 0.66 -1.5% -10.9 10.0 -1.08 208.3%
IPE270  120x120x12 0.62 0.61  -21% -12.3 3.4 -3.59  459.0%
IPE300  120x120x12 0.58 0.57  -2.3% -13.4 -0.3 40.24 -3924.3%
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1.20
1.15
1.10
1.05
1.00
0.95
0.90
0.85
0.80

(deg) Jhaeas w1913

-

o~ - - ~
V= =9 55% 499 3.0% \%
132% 516% -6.4% ‘
D7 TeAR —_— e -3.0%
-0 = G
8 I S 3 8 8 Q < R 8
- - - - - o~ o~ o~ o~ m
w w w w w w w w w w
o o o o o o o o o o

o oyl

75 ol IV gy 00 S — e 058 Sl 5 et (o8 A gl amlia YO-F S0

0.80
0.75
0.70
0.65
0.60
0.55
0.50
0.45
0.40

(deg) Gizeas 49l

N
td -
o~ ~e— o - = - 0 53% 1.5%
154% L oo 53% .46% -5.4% 2%
: -27.6% -6.8% :
> 68% -23%

- s goue

Il AT
8 IS <3 3 & 8 < < R 8
— — - - - o~ o~ (o] o~ (a2}
w w w w w w w w w w
s = a a = = = [ & s

o oyl

15 oo + IV gy 00 S = iy 158 il 5 o s iy 25l e YE-F IS5



75 sl IV gy me0 S (08 - iy 10 1S Jlail g e (pes Aunlie VST oo 031

029 —_— e
0.1 Comn (deg) iz 41915 KglemP)pit6 s R 027 o
) LELRW R S ws yo 8 0.25
Ero g osled (Shadojled (goue (590 e EO4E 5y Lo -~ i 023
IPE100  80x80x8 025 020 -23.1% -340.0 -314.4 108  -8.2% il BT =y SR o
IPE 120 80x80x8  0.29 020 -47.1%  -3055 -311.1 0.98  1.8% R oon 1% 3% -37% 2.0%
IPE140  100x100x10 0.21 0.19  -8.0% -328.7 -307.7 107  -6.8% 017 R 11%
IPE160  100x100x10 021 020  -41%  -333.4 -3193 104  -4.4% 0.15 - - =
IPE180  100x100x10 021 020  -3.1% -3253 -313.9 104  -3.6% § S % % % g R § R %
a a o o o o a a a a

IPE 200 100x100x10 0.22 0.21 -3.0% -345.8 -333.3 1.04 -3.7%

IPE 220 100x100x10 0.21 0.21 -3.7% -332.0 -326.3 1.02 -1.8% T oyl

IPE 240 120x120x12 0.21 0.22 3.5% -357.5 -343.8 1.04 -4.0%

IPE 270 120x120x12 0.20 0.20 2.0% -331.9 -323.5 1.03 -2.6%

IPE 300 120x120x12 0.18 0.18 1.1% -310.0 -305.1 1.02 -1.6%

75 ok IV ey 00 S — e 058 Sl 5 et (o8 S gl Amlia YYF S0

525 g () 2 03 S (NSl —( i Jabe Jlail g e (o2 dmlie YA-Y g 390
3.2%
. 370 7% e a
0.5 O deg) iz 41903 Kglem®)pils ics 1) 35 | 1915 6% gy P »5:/0// ~ 3%
12.1% .185% _g 29 43% o = Q 9
ENTEI W ENTEIRWIN 2 . - BN 62% e o N 33%
Erdsold SAsoyled gous &% T esae el ; 2 ==
e e £ 310
o
IPE 100 80x80x8  1.52 2.72 44.3% 284.0 425.4 33.2% B 290
vl
IPE 120 80x80x8  1.58 2.88 45.1% 276.2 446.8 38.2% =
IPE 140 100x100x10 1.42 3.03 53.1% 290.7 462.1 37.1% 270

IPE 160 100x100x10 1.48 3.21 54.0%  312.2 4853 357% 250
IPE1I80  100x100x10 1.46 3.31 55.9%  308.2 493.5 37.5%

IPE200  100x100x10 1.58 3.52 55.1%  330.1 518.7 36.4%

IPE220  100x100x10 1.52 3.54  56.9%  323.0 526.0 38.6% & you 5 0 locd
IPE240  120x120x12 1.58 3.71  57.4%  339.5 549.7 38.2%

IPE270  120x120x12 1.47 3.67 60.0%  323.4 5494 41.1%

IPE300  120x120x12 1.37 3.59 61.8%  305.8 541.5 43.5%

IPE 100
IPE 120
IPE 140
IPE 160
IPE 180
IPE 200
IPE 220
IPE 240
IPE 270
IPE 300

5 Lay () 52 =00 1~z 1055 Sl g et (o oI A e YASY S8

vy



35 Jsb TF oy 03 S (6 AL — iy e JLa] (o (ot A lin YA-F Jgu 260

7.5%
0.4 S (deg) iz 4133 KglemP)pits s q 0 TR 0% a esy
b - ) O o % 320 15.5% 16.7% 7% 8.3% 8.0% _ o~ - - ~ \.5 o
T RWSS TRV 9 = - AT R X 64%
Ers s oled  (Auioled (goue (598 . $ONE (59 . 2 300 o= No
st e T 2%
IPE 100 80x80x8 141 2.60 45.6%  258.0 4167  38.1% > 260
IPE 120 80x80x8 148 2.75  463%  250.3 436.6  42.7% =
IPE140  100x100x10 132 2.89  54.4% 2618 450.7  41.9% 240 - 0= s
IPE160  100x100x10 1.37 3.07 55.3%  281.8 473.1  40.4% 220 - - -
IPE180  100x100x10 1.35 3.16  57.2%  277.6 480.5 42.2% § E § % % § 5 § E %
a o a a o a o o a o

IPE 200 100x100x10 1.46 3.36 56.4% 297.7 505.2 41.1%
IPE 220 100x100x10 1.41 3.38 58.1% 290.9 511.8 43.2% T oyl
IPE 240 120x120x12 1.46 3.54 58.7% 305.5 534.9 42.9%
IPE 270 120x120x12  1.36 3.50 61.2% 290.0 533.6 45.6%
IPE 300 120x120x12  1.27 3.42 63.0% 273.6 525.4 47.9%

35 Jsb +IF ey 08 S — sy 15 S il g popit i @i 5 dylie FA-F S

55 Jsb IV gy =00 S ATl o Jade JLal 5 (et (o annlie FooF oo 240
‘ , — ' 230 | 5150 103% 10.8%
0.3 o (deg) oz 42913 kglem®) il s :1) 220 | o 204% 11.9% . 97% LR
: < 0
5 . 210 ~ 167% o 113%, 7~ 7 $9:3%
RN TEA RV RN TEA W ) AU ol g
Erod 6 oolons (ol 0jlad (500 (5598 e e ‘ & 200 S L 9.0%
() € “‘E 190 ~No
IPE 100 80x80x8  1.12 2.24  49.9%  171.0 3875 55.9% o 180
IPE 120 80x80x8  1.18 2.36 50.0%  165.2 402.7  59.0% = 170 —t e
IPE140  100x100x10 1.03 2.49 58.4%  167.9 413.5  59.4% 160 - 0= s
IPE1I60  100x100x10 1.07 2.64 59.4%  183.2 4335 57.7% 150
o o 8 I < 3 8 8 < g R 8
IPEI80  100x100x10 1.06 2.71 61.1%  179.1 4387  59.2% S S & a3 3 b ~ & ~ @
& & & & & & & & & &

IPE 200 100x100x10 1.14 2.88 60.4% 193.2 461.7 58.2%
IPE 220 100x100x10 1.10 2.90 62.0% 187.8 466.1 59.7% & 7o (5 0 Lo
IPE 240 120x120x12  1.13  3.04 62.6% 196.2 487.6 59.8%
IPE 270 120x120x12 1.05 3.00 64.9% 184.2 483.7 61.9%
IPE 300 120x120x12  0.98 2.94 66.6% 172.2 4744 63.7%

75 Jsb 1Y g 00 S = iz )10 S Ll g et oo @B 5 duglis ¥ o -F IS

aA



75 sl I gm0 S (108 iy Jae Jlall g (rendd g i FA-F Joo

50
20 |124.9% O
0.2 S deg) iy 419 Kglem?) s i 3 50| *isex - o= o
N bR . ~ % .
Ers s oled  (Auioled (goue (598 e %)a O (59 s »\‘vﬁ ii‘ 20 * \1392/_146'3\6179'2%151'8%18143%20343%
[Coad Cod t 10 So - ~o == \459‘0“‘33924.3
IPE 100 80x80x8 0.70 1.65 57.9%  -83 3268 102.5% S o Som 2
IPE 120 80x80x8  0.75 175  57.0%  -42 3349 101.2% =
IPE140  100x100x10 0.62 183  66.0%  -143 3409 104.2% 10 W
IPE160  100x100x10 0.64 1.94  66.9%  -7.0 356.6 102.0% -20 = = =
IPE180  100x100x10 0.63 2.00  685%  -8.7 358.7 102.4% g 8 § 8 8 8 § § R 8
IPE200  100x100x10 0.68 2.12  67.9%  -6.7 3782 101.8% & & & & & & & & & &
IPE220  100x100x10 0.66 2.13  69.1% 7.0 379.5 101.8% & ot (6 03lnd
IPE240  120x120x12 0.67 2.24  70.0%  -10.9 3975 102.7%
IPE270  120x120x12 0.62 221  71.9%  -12.3 390.7 1032%
IPE300  120x120x12 0.58 2.16  73.2%  -13.4 3809 103.5%

25 Jsb 1Y ey 08 S = sy I8 S il g popits ot @i 5 aylie FV-F S

5 ol oIV (g2 00 1S (6151 - e Jate Jlail 5 Gerdd i dunlie TY-F Joux

-280
-290
0.1 oW deg) iz 419l kglem?) 3 s 1) -300
S| oy STV o 310
Erdsoled Shuioyled goue (500 T esae el ; 320
(s (s T 330
IPE 100 80x80x8  0.25 0.89  71.7%  -340.0 212.0 260.4% o 340
IPE 120 80x80x8 029 0.93  69.0% -305.5 212.9 243.5% = 350
IPE140  100x100x10 0.21 0.98  78.6%  -328.7 214.0 253.5% -360
IPE160  100x100x10 0.21 1.04  79.7%  -333.4 2232  249.4% -370 = = s s = s = = = =
IPE 180 100x100x10 0.21 1.07 80.7%  -325.3 222.6 246.1% 3 S 3 3 3 & ~ N ~ =
IPE200  100x100x10 0.22 1.13  80.5% -345.8 2353  246.9% & & & & & & & & &g &
IPE220  100x100x10 0.21 1.14  81.2%  -332.0 2342 241.8% & o (6 0 ois
IPE240  120x120x12 021 1.19  82.3%  -357.5 2458 245.5%
IPE270  120x120x12 0.20 1.17  83.4%  -331.9 238.4  239.2%
IPE300  120x120x12 0.18 1.15 84.1%  -310.0 230.4 234.6%
75 Jobo IV gy m00 S = iy 1058 Jlail g e s @SB 25 dun e FY-F IS
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35

33

3.1

2.9

2.7

2.5

2.3

(deg) iz @9l

21

1.9

17

15

0,
10.2% o [a1%
12.7% 6.1% B R
o= =l B

0, -~

63%)| 131% .- o
) 9.2% .,,<>""'<> -
v
2.2% \A/
v

—— o

=0 =
o o o o o o o o o o
o o < o [°] o o~ < ~ o
— — - - i (V] o o~ (] oM
wl w w w w w w w w w
o o o o o o o o o o

T o (5 0;loudd

5 NS0 Lot gy 4l 2alS byl i OS] 0o 5 45 S e [l FY-F SE o
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BB ST STy )
. i Job caly oy cal gl
T & oylods s 0 lous [OVCINEN Y

(0 (mm) (L) (mm) (mm)

IPE 100 50x50x%5 1.313 75 140.0 150

@ =P |PE 120 @SOXS N 1.696 85 140.0 150
IPE 140 60%60%6 J 2.12 105 160.0 150

@ P |PE 160 @6@ \ 2.616 120 160.0 150
IPE 180 80x80x%8 4/ 3.115 130 200.0 150

IPE 200 80x80x8 3.72 150 200.0 150

@ =P |PE 220 @8@ N 44 160 200.0 150
IPE240  100x100x10 5.18 170 240.0 150

IPE270  100x100x10 6.1 180 240.0 150

@ =P |PE 300 @momo 7.13 190 240.0 150
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Abstract

Joints are of the most important components in steel structures that are
classified in terms of bending behavior, depending on bonding rigidity, into
ranges: articulated, semi-clamping, and clamping. In addition to bending
moments, members are sometimes placed under torsional moment. Not many
studies have been conducted regarding the tolerance of torsional moments and
the effect of attachment details onthe torsion angles, shear stresses and bending
stresses in the members' sections, and studies have usually been conducted on
ideal mathematical models. In this study, simple shear connections and seated
beam connections were numerically examined by Abaqus software, and the
torsional moment tolerance in the rebound and the torsional angle and vertical
and shear stresses along the member were studied. Based on the research, some
tables were designed and, depending on the type and size of the joints, the
torsional rigidity was determined and the results were compared with the
analytical model of torsional fixed supports and torsional simply supports.
Moreover, using these results, some coefficients were set so that the engineering
community can execute the torsional design of the real joints by simple
relationships without the need to solve differential equations and obtain
accurate results. In this study, it was shown that the seated beam connections
with acceptable difference percentages, such as the math model of torsional
fixed supports, and the simple shear connections with an acceptable behavioral
difference are similar to those of the theoretical torsional simply supports.

Keywords: Torsion, simple shear connections, seated beam connections,
warping, torsional simply supports, torsional fixed supports, finite element
method, Abaqus
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