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Adhesive Failure Analysis of Structural Elements Reinforced
with Carbon Fiber Sheets
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4-6-1 Komaba, Meguro-ku, Tokyo, 153-8505 Japan

The elasto-plastic damageable constitutive equation based on damage mechanics has been
formulated by using Drucker-Prager’s equivalent stress, Tresca’s stress and maximum principal
stress to analyze adhesive failure of concrete structural elements reinforced with carbon fiber sheets.
The formulated constitutive equation is implemented in the two-dimensional finite element program
to simulate experimental results. Some parameters in the constitutive equation are identified by
static and fatigue failure tests. The present study focuses on failure of concrete surface beneath
epoxy resin to glue carbon fiber sheet. The calculated results have been compared with experimental
results to illustrate the validity of the proposed method of analysis.
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Table 1 Material constants for concrete (static)

E (Young’s modulus) 30000.0 (MPa)
v(Poisson’s ratio) 0.17
a(plastic potential) 0.85
B(plastic potential) 0.035
d(plastic potential) 0.01
oy (yield stress) 1.50 (MPa)
K (plastic hardening) 45.0 (MPa)
n (plastic hardening) 0.175
S, (damage parameter) 9.50x10”7 (MPa)
S, (damage parameter) 1.55

| & (damage threshold) 0.00
D, (critical damage) 745%10”

Table 2 Material constants for epoxy resin

E (Young’s modulus) 2000.0 (MPa)
v(Poisson’s ratio) 0.36

Table 3 Material constants for carbon fiber sheet

E (Young’s modulus) 350000.0 (MPa)
v(Poisson’s ratio) 0.20
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Table 4 Results of experiments

CASE | Adhesive Adhesiv Maximum | Mean
length L (mm)]width W (mm)| load (kN) |load (kN)
CASE 1 14
80 80 8.7 8.1
CASE 2 8.6
40 80 9.9 9.3
CASE 3 10.6
20 80 11.6 11.1

Loading

Carbon fiber sheet plate

Adhesive length

Adhesive width

(@m) 400

Fig.1 Specimen of adhesive failure test (unit: mm)
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Table 5 Results of 2-dimensional FEM

CASE | Adhesive Adhesive | Maximum
length L (mm)|width W (mm)| load (kN)
CASE 1
80 80 17.4
CASE 2
40 80 14.8
CASE 3
20 80 8.4

1 toad

Carbon fiber sheet (t=0.14)

/

Epoxy resin(t=0.15)

Concrete prism

A

80| 100

Bpat < 100 ,l

Fig.2 Finite element model for case 1 (unit; mm)
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Fig.3 Load-displacement curves
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Table 6 Material constants for concrete (fatigue)

o¢ (fatigue limit stress) 1.875 (MPa)
S,z (damage parameter) 9.25x10" (MPa)
Sy (damage parameter) 1.55

Sen (damage parameter) 425x10” (MPa)
Sepr (damage parameter) 5.375

Table 7 Results of fatigue tests and analyses (case 3)

Experiments Analyses
Maximum |Critical number| Critical number
load (kN) of cycles of cycles

8.836 79 141
8.653 1,404 -
8.575 147 -
8.408 879 540
8.208 744 -
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Fig.5 Maximum load-adhesive area relations
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Fig.9 Load-displacement curve (case 3)

BREEAEREE OME L, BEREFER 2
MR TG & BEESTIBBCA T TERLTVRE0
T, BECET 585 A -y B i 2 &, K
RAIGH o #FEAT B THB, Thbb, #ik
EROFWHENTH > T b, HEHEMIGTT 35 BRAG
B o ZBZTWBEEE, RRMELYHED FAICH
BIL CRHBHEDSERT 2 LREL T 209,

fHE 5 KBRS & BT T, BIREAE EERE
Ke, B 1R REMME S — b B3RS B
WLTWw3, 28, #ELHERFIRVEFTTHY,
A5 Hz Th 5, RITIC7 —R 3 DOMRLIFE
BlamRs.

RTIBLIUKIW, ERLY20mm D7 — A 3
XF % EER L o IR R 2R T, ERERCE
U BB RE, EREENKEVWERDLD
1404 94 2V DEERKRE, 1001 7 VIEED» S
1000 %4 7 VIREEIC AR L T %, RSB EIRDS
1944 70 E 819 A4 7 VIZHIET 2 mAREDM
EIZS%YEETHY, NS RFEEEOHEN T, 100
YA I NRRED S 1000 ¥4 7 VIRE $ T ORI
EHBECTWE Z Ensbhb, M), @ire X 25
FREREIEO, EEBRERO 7994 7 vick LT 141
PA 7N 1.8 %), 879 %4 7 iz xt LTIk 540
A 7NVEI0.6F5)ThHY, &k LTRIZFIZRFICH

Table 8 Results of fatigue tests and analyses (case 2)

Experiments Analyses
Maximum [Critical number| Maximum | Critical number
load (kN) of cycles load (kN) of cycles

9.31 5 - -
9.114 56 8.932 39
8.898 332 8.898 220
8.82 3 - -
8.786 626 8.786 528
8.649 2,376 - -
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Fig.10 Load-critical number of cycles relations (case
2)
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Fig.12 Damage distribution (case 3)
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