Bond-slip law expressed as damage function

A tri-linear bond-slip law shown in the figure is given as follows

7[MPa] A

T max ‘

T1 |4 — ‘

Assuming that the bond behavior is governed purely by damage and provided the characteristic points of the
bond-slip law are given as

1,=5.0MPa, s,= 0.1 mm, s, =0.2 mm, s,= 1.0 mm, E£b =100 MPa/mm

a) Derive a damage function which would reproduce the given bond-slip law
b) Calculate the damage and stiffness values at the slip s, .

c) Sketch graphically the derived damage function in a damage-slip diagram.
d) Plot the response of a material point exposed to the shown loading history
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Bond-slip law expressed as damage function

MPa| A
( Ey s s < S riMPe
7'(3) = ¢ Tmax —+ (’7’1 — TmaX)(ssl_—Ssoo) So < S S S1 T max [ 3
S — 51
\ Tl_Tl(m) S1 <8< S¢
T 77777777 :
1,=5.0 MPa, s,= 0.1 mm, s, =0.2 mm, B, 3
s,= 1.0 mm, Eb =100 MPa/mm 50 s1 52 Sf S[’mm]
a) Derive a damage function which would reproduce the given bond-slip law.
Solution: 7(s) =1 —w(s)] Eps mwmp w(s)=1-— ()
Eb S
Eb S
e.g.range 1 (s<s): w(s)=1-— m) w(s)=0
Eb S

(0 s < sp

1= | =) so<s <

_ Tmax T1 — Tmax S S S
w(s) = < Ey s | ' 51 — 50 ’ 1
1 | s — 81

1— — <s<

K Ebs _7’1 Tl(Sf—Sl)] S1 S X~ Sf
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Bond-slip law expressed as damage function

(B s s < s 7[MPa] A
T(s) = 4 Tmax+(Tl_TmaX)(381—_SSOO) 5o < 5 < 51 Tmax oy
\ 7'1—71(%) 51 <5 <S¢
7o i)
1,=5.0 MPa, s, = 0.1 mm, s =0.2 mm, Eb ; §
s,= 1.0 mm, Eb = 100 MPa/mm 0 s 5 p” S[:nm]
b) Calculate the damage and stiffness values at the slip s .
Solution:
. 4 1 B s — 8o
Damage: w(s) =1 o [Tmax + (11 Tmax)(81 _— )] so < 5 < 81
1 0.2 —-0.1
Stiffness: Ew)=(1-w)Ey
m) [(w=0.75)=(1-0.75)100 = 25 [MPa/mm]
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Bond-slip law expressed as damage function

([ Ey s s < Sg

T(S):< Tmax+(Tl_TmaX)(881—_SSOO) 30<8§*91
S— 8§

\ 7’1—71(ﬁ) 51 < 5 < s¢

1,=5.0 MPa, s, = 0.1 mm, s =0.2 mm,
s,= 1.0 mm, Eb = 100 MPa/mm

T[MPa] A

T max

T1

S0 S1 S92

c) Sketch graphically the derived damage function in a damage-slip diagram.

Solution:

ats, w(s=s9=0.1)=0 (elastic range)

at s, w(s) =1- Ei . [Tmax + (11 — TmaX)(ssl_—SsOO)] sp <8< 81
w(5=02) =1 - " [10 45— 10)(%)] —0.75

at s, W(S):l—EiS [7171(;_211)]
w(s:l()):l—m[ — (%)] = 1.0
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Bond-slip law expressed as damage function

([ Ey s s < Sg

T(S):< Tmax+(Tl_TmaX)(881—_SSOO) 30<5381
S— 8§

\ 7’1—71(ﬁ) 51 < 5 < s¢

1,=5.0 MPa, s, = 0.1 mm, s =0.2 mm,
s,= 1.0 mm, Eb = 100 MPa/mm

7[MPa] A
Tmax ‘
Al N
123
50 S1 52 Sf s[>mm]

d) Plot the response of a material point exposed to the shown loading history.

7[MPa] A

T max
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