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Crippling Test of Z-Section Graphite/Epoxy Stringers
S. M. Choi’ and J. H. Kweon™

ABSTRACT

Z-section composite stringers with various lengths and flange-widths are tested in axial compression for the
validation of a finite element algorithm to calculate the buckling and crippling stresses of composite laminated
stringers. The stacking sequence considered is [%45/0/90]s. Strain gages are attached to each specimen, and
deflection and end-shortening are obtained by two LVDTs. The buckling load is determined from the load vs.
strain response, load vs. end-shortening curves, and load vs. out-of-plane deflection curves. The ultimate stress
after local buckling is used as the crippling stress. Comparison between finite element and experimental results
shows good agreement in the local buckling and crippling stresses.
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Fig. 1 Specimen geometry and boundary conditions.
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Fig. 3 Strain gage locations.

Fig. 4 Experimental set-up.
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Fig. 5 Typical finite element model for the stringer.

4. 23 2 EE

Table 1S AP F3ardde AAE vluste B
Aotk % 2079 A#EL AFslR o AFIAAA A
ZHgk 4ol A" AW R HFAFE gid A 5A
2 Aot 15719 A"l i 2y AaFE AA A
Agex ZGZY L Algo] AAse= FAWsteoE
2y 9dd S Yol ARSI a8y REHE &H
o] AL AARE o] tHEtx gk ASFEL A A
, -2 e M §F-AE I ¢ sk
ZAozRE T £ Jud, A g 9 #
AE3) dAse AL opYri[3] ¢AT 2
(bifurcation bucklingye Loz FE EE FREENA
ZdstA o]y FALe Yehis B dFAE A 7HA
i BREE algsle] ZF$ES AMG T A S Hd
sto] ALgEHATHI) AIZFA HE S AMRE A= Table 2
o A AT

Table 10] A vl 2ol Ao g AnE 7]
2 % o §3esdMe o FEAF $YF 2
8o 2% A F 15 %Y AolZ Holm Yok F
A [@delAe wRAE 7+ AHe 2ERAE T
2129 2go Wxrt HlwA 2 HolAg AAFes
o fetasddol 78 vE B 2EHAL FERXZ

<93 FEY $¥L vy Y g5 e



36 #3473

& & ok EFA ANHY GEHAPolA FF2as 4 o]
BARSE7] b 0@ RELS &34 E|(delamination)o] T}
ghef Al A sdo] wAE] Aol HE FAoA

19t STEE FHFol LAY

LVDTS]

= oA

%% H22Ug

A FEE o4 FFLHEL =
At fe A 7HR W ‘a’.ﬂoﬂ o3 2A9
Table 20] A A3t}

e sl T . B
A% Ane d¥3 Z Aolg HolA g ol wA 200
& d7AAME ANEY FHEIE S Bt FPE B
57] A8 RINE Abgsle] A4F AFHL 238 T 2A
160 -
3 2M3Ah 2 A B AFe) Algd AAY A4S, W st
A Ao Ben e AwAy &ao] Lo AR ] B —_ B ar
Jd AF 27 28 9N REFHHZo] BAYLS g 120
g9 + A - [..908 2
B AFoA FEassde Anst 2487 wlny < e @
LA sE AL oY FLA &AM /U Ro= W - 2151003 0
-9 = - 45/0/90]
BEY FF 0% shlzte Agste noh G A w L L s
9% #7149 A¥e ANT Badt 9E Row god e
- = mm
‘:]’ . J;] . : . oo 0 | 1 lﬁ
L A Z-5 AEF O o] A E o
Fig 6& A 223 22 AojA2Ry de 3 0 14 2.8 42 56 7.0
FEE ol&3td FZ$HE AMet: W, Fig 72 A" 3
o 3¢ P ®o] ZWgos MAF LVDToA Pol Strain (x10°)
Ae ZWYE AY923H A2$9LS AdstEs P, Fig 8
o )\] ‘1_9—] ‘?’i-‘?f]‘dd'f{}.g.iﬂ .1 73_‘% _—TL-]J] '?’] ‘].o:] ad ;_(] f& Fig. 6 Buckling load deter using bending strain r
Table 1 Comparison of finite element and experimental results
Local Buckling Stress Crippling Stress
D by buw r Area L
(mm) | @m) | (mm) | mm?) | (mm) FEM Exp. Aver, Error FEM Exp. Aver. Error
(MPa) | (MPa) | (MPa) | (%) | (MPa) | (MPa) | (MPa) (%)
422 149.2
674 168.4
21151 | 318 318 | 318 | 1006 | 254 57.8 55.0 5.1 178.6 1711 44
57.5 197.4
528 169.5
» 94.0 180.1
2151 | 254 318 | 318 | 865 254 79.5 89.0 93.7 152 | 1848 | 1577 | 1678 10.1
98.1 1655
1342 185.9
179.9 211.3
23151 | 191 318 | 318 | 729 152 | 1352 1537 | -120 | 206.9 196.8 5.1
129.9 177.8
170.6 2120
113.7 167.5
1543 170.2
24151 | 127 318 | 318 | 587 152 | 1721 1921 | -104 | 246.8 2154 14.6
2923 2983
207.9 2255
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Table 2 Comparison of finite element and experimental results

P/A (MPa)

Buckling Stress (MPa) Failure
D No location*
1 II I Average (mm)
002 | 401 48.2 383 422 50.8
003 673 66.3 68.7 674 235.0
21151
004 585 56.1 57.9 57.5 1175
005 55.8 X 49.8 52.8 1715
001 90.8 90.8 100.4 94.0 76.2
221S1 | 003 90.3 915 85.1 89.0 108.0
004 96.5 1021 95.7 98.1 63.5-76.2
001 | 134.2 | 1342 | 134.2 134.2 110.0
003 | 1754 | 1871 | 1772 179.9 57.2
23151
004 | 1283 | 1301 | 1313 129.9 79.9
005 | 1724 | 1785 | 160.9 170.6 107.4
001 | 118.6 | 108.7 X 113.7 116.8
002 | 1544 | 1540 | 1544 154.3 828
24151
003 | 293.1 | 2938 | 290.1 2923 81.2
005 | 2013 | 2144 X 207.9 254

1 : Based on the axial stress vs. bending strain response

11 : Based on the axial stress vs. end-shortening response
III : Based on the axial stress vs. out-of-plane deflection response
* Distance from upper edge (mm)
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Fig.

12 Local buckling and crippling phenomena (221S1-004).

13 Local buckling and crippling phenomena (23181-003).
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Fig. 16 Shadow moire fringes (221S1-003).
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