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Abstract; The critical loads for flexural buckling of axially loaded fiber reinforced polymer ( FRP) members were
investigated. A test database containing data of axial compression tests of 176 FRP members that failed in the flexural
buckling mode was established. Five existing models proposed by Euler, Engesser, Haringx, Strongwell company,
and Fiberline company for predicting flexural buckling loads were summarized and evaluated. An equation to
determine the stability factor for global buckling of FRP members under axial compression was developed based on the
observed initial crookedness of FRP members. Then, a theoretical model of flexural buckling loads of FRP members
was proposed considering the influence of initial crookedness of FRP members. On the basis of the proposed
database , an empirical model of flexural buckling loads of FRP members was derived through regression analysis. The
two models were verified by the test database and numerical simulations. Finally, the performance of the two proposed
models was analyzed. Results show that by using the proposed test database (section width of members is between
25.4 mm and 254 mm, section height is between 25.4 mm and 254 mm, and effective length is between 203 mm and
6 300 mm) , the error of the model proposed by Strongwell company was the highest, and models proposed by Euler,
Engesser, and Haringx overestimated the flexural buckling loads of FRP members, while that proposed by Fiberline
company underestimated the flexural buckling load. The proposed theoretical model and empirical model both
obtained more accurate results than the comparison models in predicting axially loaded FRP members within the range
of section dimension and effective length covered by the test database. The proposed models were applicable to axially
loaded FRP members with I-shaped, L-shaped, square, and circular sections, and could accurately predict the
flexural buckling loads of axially compressed FRP members within the above parameter range.
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Tab.1 Summary of existing and proposed databases for buckling of axially loaded FRP members
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Tab.2 Test database for flexural buckling of axially loaded FRP members

Bk i Py A R FE# 1 b AN

BOCH B gk B/mm H/mm t/mm L/ mm Ey/MPa Gyy/MPa Fio/MPa
[6] 11 W 203.2 203.2 9.5 3100 ~3800 24300~24600 3402~3 444 267 ~271 215 ~322
[11] 16 W 152.4~203.2 152.4~203.2 9.5~12.7 3 300 ~6 300 23 200 3 500 291 28 ~354
[23] 24 W  10.6~254.0 101.6~254.0 6.4~12.7 1214 ~4 858 22 500 3150 219 34 ~733
[28] 11 W 101.6~152.4 101.6 ~152.4 6.4~9.5 1313 ~2544 17400 ~21600 4070 ~4 790 304 ~331 31 ~389
[23] 8 I 50.8~101.6  101.6 ~203.2 6.4~9.5 906 ~2 717 22 500 3 150 219 13 ~427
[41] 1 I 60.0 120.0 6.0 1540 29 200 3890 360 25
[8] 4 S 132.0 132.0 9.5 2 630 ~3 850 26 700 3738 294 185 ~401
[23] 7 S 44.5~101.6  44.5~101.6 6.4 609 ~4 862 22 500 3150 219 23 ~357
[28] 11 S 76.2~101.6  76.2~101.6 6.4 1310~2546 25200~28300 3940 ~5720 320 ~396 55 ~316
[42] 39 S 25.4~101.6  25.4~101.6 3.2~6.4 203 ~2 141 22100~31100 2100 ~2 700 224 ~333 12 ~450
[32] 26 R 45.0~50.0 2.0~3.5 1330~4000 27739~32227 3884 ~4512 305 ~354 1~16
[43] 4 R 100.0 6.0 1632 ~2331 45 105 6315 369 136 ~347
[44] 5 L 76.2~101.6  76.2~101.6 9.5 965 ~1 575 19900 ~21 400 3 900 ~4 500 337 ~365 12 ~52
[45] 8 L 50.0~125.0  50.0~125.0 5.0~16.0 583 ~2 940 46 000 6 440 482 61 ~370
[46] 1 L 76.2 76.2 6.4 1520 19 550 2737 215 33
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Tab.3  Comparison of prediction accuracy of different

calculation methods for flexural buckling loads of

axially loaded FRP members %
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with universal slenderness ratio
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Tab.4 Typical FRP members and flexural buckling loads from tests and predictions
otk R AR B B FE# IS HUE
P53k [N Ly/mm  Eyo/MPa  Gz/MPa  Fo/MPa P, /kN P . /kN  Ex/% P, /kN E /%
[23] W1 W 101.6 x101.6 x6.4 2184 22 500 3150 219 48.3 49.8 3.1 50.2 3.9
[23] W2 W 152.4 x152.4 x9.5 2125 22 500 3150 219 230.8 222.7 -3.5 256.9 11.3
[23] W3 W 203.2x203.2x9.5 2751 22 500 3150 219 395.6 353.7 -10.6 366. 4 -7.4
[23] W4 W 203.2x203.2x12.7 3300 23 200 3500 291 348.0 362.3 4.1 357.6 2.7
[23] W5 W 152.4x152.4x9.5 1519 22 500 3150 219 486.2 510.9 5.1 454.0 -6.6
[23] W6 W 254.0x254.0x12.7 4858 22 500 3150 219 307.7 357.1 16.1 313.8 2.0
[41] 11 160.0 x120.0 x6.0 1540 29 200 3890 360 24.8 24.1 -2.8 26.6 7.3
[41] 2 176.2 x152.4 x9.5 2717 22 500 3150 219 18.4 20.6 12.0 20.7 12.5
[41] 3 1101.6 x203.2 x9.5 906 22 500 3150 219 427.4 492.6 15.3 385.6 -9.8
[41] 14 150.8 x101.6 x6.4 1512 22 500 3150 219 12.9 13.5 4.7 13.2 2.3
[41] I5 176.2 x152.4 x9.5 2112 22 500 3150 219 33.9 37.3 10.0 34.1 0.5
[41] 16 1101.6 x203.2 x9.5 1208 22 500 3150 219 237.0 247.3 4.3 233.0 -1.7
[42] Sl S525.4x3.2 416 22 100 2 100 224 24.8 26.9 8.5 27.2 9.7
[42] S2 S50.8x3.2 1182 23 700 2 200 240 32.2 36.4 13.0 33.6 4.3
[42] S3 S76.2 x6.4 1677 31 100 2 700 333 130. 8 147.7 12.9 147.3 12.6
[42] 4 S 88.9 x6.4 2077 29 900 2 600 320 143. 8 157.2 9.3 152.7 6.2
[42] S5 S 88.9 x6.4 1 441 29 900 2 600 320 287. 4 301.2 4.8 292.3 1.7
[42] S6 S132.0x9.5 3 850 26 700 3738 294 185.0 195.2 5.5 191.8 3.7
[43] R1 R 100.0 x6.0 1 865 45 105 6 315 369 215. 4 238.7 10. 8 232.1 7.8
[32] R2 R50.0x2.5 2 330 32227 4512 354 5.4 5.9 9.3 5.8 7.4
[32] R3 R45.0x2.0 3 000 27 739 3 884 305 1.7 .5 -11.8 1.8 5.9
[32] R4 R 100.0 x6.0 2 331 45 105 6 315 369 135.5 148.2 9.4 153.4 13.2
[32] R5 R50.0x3.5 1 670 29 148 4018 321 12. 4 11.3 -8.9 13.7 10.7
[32] R6 R 50.0x2.5 1330 32227 4512 354 16. 1 14. 8 -8.1 17.6 9.1
[45] L1 L 50.0x50.0x5.0 583 46 000 6 440 482 61.0 57.5 -5.7 58.7 -3.8
[45] 2 L 60.0 x60.0x7.0 710 46 000 6 440 482 95.0 110.5 16.3 96.0 1.1
[45] L3 L125.0x125.0x14.0 2 450 46 000 6 440 482 138.0 151.3 9.6 149. 6 8.4
[45] 4 L125.0x125.0x16.0 2394 46 000 6 440 482 195.0 212.8 9.1 175.5 -10.0
[45] L5 L125.0x125.0x14.0 1470 46 000 6 440 482 370.0 355.4 -3.9 399.6 8.0
[45] L6 L125.0x125.0x14.0 2 940 46 000 6 440 482 92.0 105.7 14.9 104.0 13.1
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Fig.5 Comparison between curve of Eq. (16) and test

and numerical results of axially loaded FRP specimens
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Fig.6 Finite element modeling, mesh, and failure

modes of typical FRP members

AR I 52 PR 1 2 AU DL KA BROCAR T
SHELL63 FAITIHRFE , 297 FRP 4 {45 R A
X M Z J5 1 -3 B B 1Y 05 18 893 5 i E
HAGORE A A — s A R X T FRP
F A THUREAR AT, R 2R XOR Z J7 ) 49°F- 3l A
HIEE . FRP F 0525 i i 57 0 A S fecfise (% 4) 1
SRR AR i A AL i AT AR 2 AR
JiEk i34 228 T KA s L AT R B X Je 1 5 17 £
SN o SR FRP 35644 1 52 B A JL AR e B 2 AR A
4, DRI, 308 A (L3 A PP B0 B e B (AU
SEAE . AESEB R PR E s B TR B A FRP
TR IR I AT 4 RO (78 7)), FEATBR
JURLDL A R B — P BRI i, 2%
WEE, U T RS — R AR A A, R
KH 1%0, 2%0. 3%0. 4%oFN 5%t JE L 5 W)
IR BRI BEATRUE TR, 45 2R 7R B 1%k {4 REAF:
HORBRIERT, A ROCERI I 45 R S i 45 R ey
B, VARATEA BROCEU A, FRP RATREAY A0 4
2 A CHUE 7 PSR —Rh, HIC 1 %ot P AR
IR GREE , RER B LG P FRP A F0) 46
Bl AR Rk, R FRITEAL I 1%0H
PHRBEAE 01 b SR B A7 3153 o B AT Jin 2 B 4

e ) BEATRFAEAEE i3 BT, 45 20 Al 1 1 — B
Je b AL 2 2) R AT AR &M R it o B, A
“UPGEOM” iy 4> 6 1 AiEAFL et} 17 20 B17 45 3 1) — v Jh
A ST ARG 1 %o D0 400 Gty R B Tth A b A7
SISl O W i VA E RN A TIDN WL E R § N
R TR 2R A 9 L D0 B 1 %o ) 2 RE A )
B T B — L RIE

par

L 025L , 025L , 025L | 0.25L
4 7 i A

BE 7 FRP ¥ 4 Fhselys g "

Fig.7 Four measured initial crookedness

modes of FRP members!® '+

AT A R AR 4 FPik {4 W11, S R1 I
L1 PR ILIE 6, 3 4 rhIH Al iR o=t
SRl AR b ik 0 e i 2R3 A ], ¥ o8
e R 2R k. RPBCE TSR AR 2 09 5 50 A5 2
FRP #4142 s X A — 20, ¥ o il il o [RIRs
% 4 130 AR FRP R 0425 i e il 55 i B T 5
EHERBEBIAT T A, W4 mTE N, SET
BAER A, RS, 430 8.9% F1 8.2% , H A,
105. 4% , ERHECE T3 & A T FRP A4 44425 il e it
G F 129 5. 4% o 3K AL I ECE 155 AT AR X A
H TS FRP a4 i e il 577 o

PS5 T ANHERE PR v 1) B 38 R B 2%
T #E LB #E Oy KR 3L 5 41 30 AR
FRP #4080 R T, T84 B B S AR b P 8 o
38 FRP {4 If oR 4l il i e ik, 36 5 [
AT L3 30 4R FRP R¢R5 il s 5 7 i S5 i
TR AN (19) B TTEAE , I rPo8OE T H30 T R Y
A A S0 L B RY . DASE TR Ry
Foufe, 20 (19) WIME R A, F1 S, 4351k 8.3% F
7.7% ,H A, F795.4% , W% (19) A5 T FRP
P e il S5 B B 4. 6% . %5 pEF)
AR A 5 0 45 S X A5 ) B B A e i T e
HZY 5. 4% , o] LIHERR S (19) @il T FRP A 4425 il
JE B 5 AR B 24 0. 8% , T INDKS B 45 5, iX th o)
HAIE T (19) B FRP 4 4225 i i il 1 5L 7 11
AR A



9 1 fi

¥, 45 :FRP B0 32 HAa 025 il 5 03507k - 119 -

&S5 FRP HIEMGREE iE IR N E
Tab.5 Axially loaded FRP members and predicted flexural buckling loads

-~ K S B i LI NS i (L
AN L./ mm E\c/MPa Gr/MPa Fic/MPa P /kN P,/kN E,/%
w7 W 101.6 x101.6 x6. 4 2 600 22 500 3150 219 33.4 34.4 3.0
W8 W 152.4 x152.4 x9.5 3 000 22 500 3150 219 120. 1 126.0 4.9
w9 W 203.2 x203.2 x9.5 4 200 22 500 3150 219 139.7 155.5 11.3
w10 W 250.0 x250.0 x10.0 3 300 22 500 3150 219 429.6 451.3 5.1
W11 W 400. 0 x400.0 x12.0 7 800 22 500 3150 219 395.5 432.2 9.3
Wwi2 W 600. 0 x600.0 x 16. 0 9 600 22 500 3150 219 1349.1 1239.2 -8.1
17 160.0 x120.0 x6.0 1 800 29 200 3 890 360 17.3 19.1 10. 4
18 176.2 x152.4 x9.5 1 600 22 500 3150 219 63.6 56.8 -10.7
9 1101.6 x203.2 x9.5 2 200 22 500 3150 219 67.7 71.1 5.0
110 1180.0 x630.0 x16.0 2 400 22 500 3150 219 518.5 554.5 6.9
I11 1160.0 x500.0 x14.0 1 900 22 500 3150 219 569.2 525.0 -7.8
112 1150.0 x450.0 x12.0 2 000 22 500 3150 219 381.5 342.5 -10.2
S7 S25.4x3.2 600 22 100 2 100 224 14.7 13.0 -11.6
S8 S50.8x3.2 1500 23 700 2 200 240 22.5 20.1 -10.7
S9 S76.2x6.4 2 200 31 100 2 700 333 96. 4 84.9 -11.9
S10 5350.0 x16.0 7 600 31 100 2 700 333 1905.1 1823.8 -4.3
S11 S5245.0 x12.0 6 300 31 100 2 700 333 732.9 702.8 -4.1
S12 S 180.0 x10.0 4 500 31 100 2 700 333 457.5 444.4 -2.9
R7 R 45.0x2.0 1 800 27 739 3 884 305 5.4 4.9 -9.3
R8 R 50.0x2.5 1 500 32227 4512 354 15.5 13.3 -14.2
R9 R 100.0 x6.0 2 700 45 105 6 315 369 120.3 109.2 -9.2
R10 R 400.0 x16.0 7 000 45 105 6 315 369 2804.8 2 616.9 -6.7
R11 R 550.0x18.0 9 900 45 105 6 315 369 4155.7 3941.1 -5.2
R12 R 800. 0 x20.0 15 000 45 105 6 315 369 6597.6 6 080. 8 -7.8
L7 L 50.0 x50.0 x5.0 700 46 000 6 440 482 43.2 38.9 -10.0
L8 L 60.0 x60.0x7.0 900 46 000 6 440 482 64.6 57.6 -10.8
L9 L 125.0x125.0x14.0 2 800 46 000 6 440 482 131.5 111.5 -15.2
L10 L 200. 0 x200.0 x18.0 2 400 46 000 6 440 482 797. 4 742.3 -6.9
L11 L 180.0 x180.0 x16.0 2 000 46 000 6 440 482 735.3 681. 4 -7.3
L12 L 160.0 x160.0 x 14. 0 1700 46 000 6 440 482 627. 1 574.4 -8.4
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