Supplementary material

1. Results of Traction Versus Separation Tests of Adhesive Interface Under Different
Precompression

Schargott et al. [47] proposed a Spring model to describe the relationship between
pre-pressure and pull-off force in bioadhesive adhesion systems, and Greiner et al. [29]
applied it to the design and characterization of bioinspired adhesives. The model results
were in good agreement with the experimental results. In this paper, the Spring model is
also used to describe the relationship between the pull-off strength and the precompres-
sion strength of the adhesives (Figure S1), and the relationships between the normal pull-
off strength op, the tangential pull-off strength 7p, and the precompression strength op,..
can be obtained by fitting the experimental data, as shown in Equations (S1) and (S2),
respectively. When the pre-pressure strength reaches 0.114 MPa and 0.098MPa, the nor-
mal and tangential pull-off strength reaches saturation values of 0.218 MPa and 0.098
MPa, respectively.

. _{0.986 oo — e When o, <0.114
=

S1
0.218 when o, >0.114 D
- 0.624,/0,, —0p, When o, <0.098 (2)
0.098 when o, >0.098
A 024, B o2as
Qe O eeeeees o ¥ T s}
~ 02} 2.5N 02f
[
o
= 0161 2N ~0.16 | F
wn [1+] PN
E S T =0.01mm/s
7 0127 2012} e
g S
c 0.08+ 0.08 +
8
f‘é 0.047 0=N 0.04
2 0 0 . . . . .
0 0.05 0.1 0.15 0.2 0 0.04 008 012 016 0.2
Normal displacement(mm) opre(MPa)
C 0.12 D 0.12
o1 N 25N 0.1 /0956 P Q
g © ;
= 0.08 = 0.08 P F\=ON
7 g A
g 0.06 30.06 vg=0.01mm/s
2 & —>
2 0.5N P
£ 0.04 S 0.04
s\ Thm T
% 0.02 0.02 substrate
<
(%] 0 0
0 0.02 004 0.06 0.08 0.1 0 004 008 012 016 02
Shear displacement (mm) opre(MPa)

Figure S1. (A) normal contact stress-displacement curves at different precompression strengths op;
(B) relationship between normal pull-off strength op and precompression strength op,.; (C) tangen-
tial contact stress-displacement curves at different precompression strengths op,; (D) relationship
between tangential pull-off strength 7p and precompression strength op,.



The precompression influence factors Dps and Dpy were introduced to describe the
influence of tangential and normal precompression strength on the adhesion interface
strength, respectively, defined as follows.
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2. Results of Traction Versus Separation Tests of Adhesive Interface Under Different
Precompression

Previous theoretical and experimental studies on the multi-axial stress damage crite-
rion have shown that the normal and tangential stresses at the fracture damage interface
approximately satisfy the elliptic equation [38,43]. In order to describe the traction versus
separation relationship of the adhesive interface under coupled normal and tangential
force, the elliptic equation is also introduced here.
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When the selected mixed loading mode, op and 7p satisfy Equation (S5), the value of

the pull-off stress loaded along this direction is JO'PZ +7,° . As shown in Figure 52, the

least-squares fitting of the test data yields oppax = 0.18MPa and 7py,x = 0.09MPa, the phys-
ical significance of which is the pure normal and pure tangential pull-off strengths at the
adhesion interface under quasi-static conditions (Figure 52).

0.2
0.18
0.16¢
0.14+¢ S
E 0.12¢ ~ $::Jr’1qder control)
= 0.1 | Fee=5N |
Fo.08} l L=
0.06 w
0.04} o
0 - - - 0 $ 0,
0 0.02 004 006 008 01 012

7p(MPa)

Figure S2. Relationship between normal pull-off strength op and tangential pull-off strength 7p dur-
ing directional pull-off at the adhesion interface.



