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2. 3) 

4)

(1) (εc,cr meas.)

 

εc,cr (tt ,t0 ){ }
meas.

= σ c(t0 )

Ec(t0 )
+ km

σ c(tt )−σ c(t0 )

Ec(t0 )

⎧
⎨
⎩

⎫
⎬
⎭
ϕeff (tt ,t0 )

 (1) 

km =
Δσ c,m

σ c(tt )−σ c(t0 )
 (2) 

σc Ec

t0 tt

Δσc,m km

(1)

PC

 

 Trost-Bazant

(3) 5)

εc,cr (tt ,t0 ) =
σ c(t0 )

Ec(t0 )
+ σ c(tt )−σ c(t0 )

Ec(t0 )
χ(tt ,t0 )

⎧
⎨
⎩

⎫
⎬
⎭
ϕ(tt ,t0 )  (3) 

Step-by-Step

(1)

(3)

Step by-Step

*1  

*2 ( ) 

*3  

*4 ( ) 
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3. 3) 
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4.  

4.1  
3)

10x10-6/

10x10-6/
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500

28

260mm

MS 10.8 x10-6/

11.6x10-6/ MS+PCCA 11.3x10-6/ 11.7 x10-6/

11.1x10-6/ 11.5 x10-6/

 

 

 

 

4.2  

100 70mm 50 x10-6

540

50 x10-6 30%

 

4.3 PC  
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4.4  
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Δσ cpe,1(te )

Δσ cpe,2 (te )

Δσ cpe,3(te )

⎧

⎨
⎪⎪

⎩
⎪
⎪

⎫

⎬
⎪⎪

⎭
⎪
⎪

= −
p1γ 11 p2γ 21 p3γ 31
p1γ 12 p2γ 22 p3γ 32
p1γ 13 p2γ 23 p3γ 33

⎡

⎣

⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥

Δσ pe3(te )

Δσ pe2 (te )

Δσ pe1(te )

⎧

⎨
⎪⎪

⎩
⎪
⎪

⎫

⎬
⎪⎪

⎭
⎪
⎪

 (4)

 

γ ji = 1+
(di − cg )(dj − cg )

Ic Ac

 (5) 

Δσcpe,i(te) i  

pj j PC (=Api/Ac) di cg i

PC Ic Ac

 

70mm 0.3N/mm2 205mm

0.65N/mm2 260mm 0.78N/mm2

100  

4.5  

PC

MS 100

MS+PCCA

500

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MS+PCCA MS

70mm

MS 205mm

400

PC

260mm  

PC

MS

12% MS+PCCA 7%  

4.6  

PC (1)

28

MS MS+PCCA 49.7 kN/mm2

46.2 kN/mm2

φeff,28 (1)

 

ϕeff ,28 =
Ec,28

Ec(t0 )
ϕeff  (6) 

MS

100 MS+PCCA

200  

MS MS+PCCA  

MS MS+PCCA  
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100

260mm MS 11% MS+PCCA 8%  

 

5.  

(7)

 
n(1+ χϕ i )Δσ c,i +nϕ i (σ c,i (t0 )+σ cd ,i )+Epεsh,i = Δσ pe,i (7) 

n  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

=Ep/Ec,28 cpi,i i

Δσcpt,i i  

i i

cd,i i

sh,i i

 

cpi,i Δσcpt,i j

(7)

(8)  

Δσ pe,1

Δσ pe,2

Δσ pe,3

⎧

⎨
⎪⎪

⎩
⎪
⎪

⎫

⎬
⎪⎪

⎭
⎪
⎪

= K[ ]−1
ϕ1σ cpi,1 + Epε sh,1
ϕ1σ cpi,2 + Epε sh,2
ϕ1σ cpi,3 + Epε sh,3

⎡

⎣

⎢
⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥
⎥

 (8) 

 

K[ ] =
n(1+ χϕ1)p1γ 11 +1 n(1+ χϕ1)p2γ 21 n(1+ χϕ1)p3γ 31
n(1+ χϕ2 )p1γ 12 n(1+ χϕ2 )p2γ 22 +1 n(1+ χϕ2 )p3γ 32
n(1+ χϕ1)p3γ 13 n(1+ χϕ1)p3γ 23 n(1+ χϕ3)p3γ 33 +1

⎡

⎣

⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥
(9) 

MS 8% MS+PCCA

9%  

MS MS+PCCA  

MS MS+PCCA  
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(1)

260mm 540 MS

MS+PCCA 10%  

(2) PC

540 260mm 6%  

(3) 540

MS+PCCA 132 
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