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Experiments and numerical analysis of load-bearing capacity of composite stiffened panels with
delamination damage

ZHANG Yong, WANG Tianze, FENG Yulong, CHEN Mingying, LI Zejin Li, LIU Hai
(AVIC Chengdu Aircraft Industrial Group Co., Ltd., Chengdu 610091, China)

Abstract : Aeronautical composite stiffened panels are susceptible to produce delamination damage during manufacturing,
transportation, and service. This damage significantly compromises their load-bearing capacity such as strength, stiffness, and stabili-
ty, potentially inducing premature failure and seriously threatening structural integrity. Accurately assessing the residual strength of
delaminated structures is crucial for ensuring structural safety and damage tolerance design. Quasi-static compression tests on lami-
nates and short-column hat-stiffened panels containing delamination damage were conducted in this study to obtain their residual
strength and typical failure modes. To efficiently predict the mechanical response of such damaged structures, a user material subrou-
tine VUMAT was developed, which is based on 3D Hashin failure criterion combined with a continuum damage degradation model
incorporating equivalent displacement/stress. Refined numerical simulation of residual strength of stiffened panels was conducted ,
achieving coupled simulation of layered damage evolution and structural failure for the first time. The simulation results indicate that
the predicted compressive strength of both the unnotched flat panel and the stiffened panel show relative errors of approximately 5%
and 11.6%, respectively, compared to the experimental data. Furthermore, the predicted failure modes exhibite good agreement with
the experimental observations, validating the reliability and accuracy of the simulation methodology. Based on the established
model, the influences of two key damage parameters—delamination diameter and depth on the residual strength of stiffened panels
were further revealed. The results reveal that when delamination diameter is less than 15 mm, the strength decrease is below 1%. The
residual strength of stiffened panel decreases nonlinearly with increasing delamination diameter. The residual strength exhibits a
distinct "V"-shaped distribution characteristic with varying delamination depth. The findings of this research provide an effective
numerical analysis tool for the damage tolerance assessment of delamination in aeronautical composite stiffened panels.

Keywords : stiffened composite panel ; delamination damage ; progressive damage analysis ; residual strength ; damage
evolution
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Fig.2 Schematic of the hat-stiffened panel compression test specimen

(filled area indicates delamination)
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Tab.2 Material parameters of unidirectional belt

Mechanical properties Performance Value Mechanical properties Performance Value
parameter parameter
E 130 Longitudinal tensile strength/MPa X 2285
Elastic modulus/GPa E, 9 Longitudinal compressive strength/MPa X 750
E, 9 Transverse tensile strength/MPa Y, 55
o Yz 03 Transverse compressive strength/MPa Y. 124
Poisson's ratio Vi 0.3
Vs 0.33 Shear failure coefficient a 1
G, 4.85 S, 85
Shear modulus/GPa G, 4.85 Shear strength/MPa Si, 85
G, 4.5 S, 64
Fiber tensile fracture energy/(kJ+m ) G, 70 Matrix tensile fracture energy/(kJ-m?) G, 0.4
Fiber compressive fracture energy/(kJ-m?) G, 55 Matrix compressive fracture energy/(kJ-m ) G . 1
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Tab.3 Performance parameters of interlaminar cohesive element

Interlami
Mechanical properties feriaminar Value
performance parameters
K, 10°
Interfacial stiffness/(N+mm ) K 10°
K, 10°
N 54
Interlaminar strength/MPa S 70
T 70
Interlaminar Gy 0.325
t t
nterlaminar frac uf? G, 0325
toughness/(N+-mm )
G 0.65

T
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Tab.4 Performance parameters of adhesive film cohesive element

Interlaminar performance

Mechanical properties Value
parameters
E, 5
Elastic modulus/GPa Ej 5
E. 5
N 46
Interlaminar strength/MPa S 35
T 35
Gy 0.325
Interlaminar fracture G 0325
toughness/(N-mm ") s :
G 0.65

o
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Tab.5 Compression strength predictions of unnotched panel

Single Double
Item S L
delamination delamination
Compression strength (Experiment)/MPa 530.8 486.6
Compression strength (Prediction)/MPa 503.7 510.3

Error/% 5.1 4.8
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Tab. 6 Compression load predictions of stiffened panel

Experiment/kN Prediction/kN Error/%

163.4 184.8 11.6
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Fig. 9 Evolutions of adhesive film and delamination damage with
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Fig. 12 Results of damage propagation at different delamination depths
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