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Stepd4 : Restrain All Nodes
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,,,,,,,,,,,,,,,,,,,,,,,,,, ., 1a) lmage gf crack inspection’ 2
T,
X

4 o Zimi Wi cost } {a) Restrain nodes freedom
(1)

y — ‘ —
o=l | +k | > [ F B

Steps : Cracking [l + | Lk T
Because of Inner Stress

n
_ L wisin &,

Iy

i
h| T

0=|—s, |+ ‘ELJ-J 2 E} Er- &y,

w; : width of each crackfmm] ¥ : slope of each crack

7 s number of cracks on referential mesh il e MBaTEUess
Ix, Iy length of seferential mesh with restrai caused by €™, for valal
£4,. £y, average strain of referential mesh (raw data) /
(b) Crack information digitalization on surface Slicel Slice2 Slice3 Sliced
a* - a (it o o, o

i 10

on & - 3
o
A Sleea £y, =8l 2 0y, =T < o, / o, /
F acd
—— ¢ o .t A
Slice3 ,sxb :":Xo L % F (2)
st

M I A= /(; / /
O ) e sz E R “1 2, g =g, oSt T, o, o
T Slicet s A
(c) Interpolation of crack information for interlayers My ¥

LR S Mt ay "y,
.................................................................. 4 .. (b) Greation of pseudo cracks

Step3 : Convert to Input Stepb6 : Release Nodal ——
Strain Restraint P ey
1t i "l t“\
& g | Fast w4 R
'y
o oy =ph, o — =i
a%s @ :constant value :f‘)
o £7.. By, - experienced maximum strain £ ‘l
deduced by £y, £y, =, bY
g R ¢ 7 [ {
Y
v

" . ! sy X
(d) Converting average strain for each mesh discretization (c) Build up pesude cracks it 30 FE elernents

Fujiyama et al. (2011). Pseudo-cracking data assimilation, J. Advanced Concrete Technology

BASH s—2Rtick3FEBOSEHEM (B, AET) =
F AL CREASBEETILICESEE . TS A NE

6.0
5.0 "
20 ECHBIEHTE

SEGNTFATES

3.0
2.0 EE DR

. =gz 1073[512945E2306 5 E
0.0

FRYRLEGER or SRV UEINBHZET L

10.0

9.0 ﬁ: FEYAHRII l
8.0 |
E0 -
Es0
g 5.0
=4.0
O
@3.0
2.0
B10

0.0 / V

1.E4+04  1.E+05  1.E+06  1.E+07  1.E+08 HII3ARDHD
Equivalent cycle EEXVOUHN
_8_

EREDHH (mm)




B#RRET—2&6LICRRRAERZHEE

o
EBRNOUIYH LIz RIREERERZEICBE), EHFHERICL T
R RFMERD ., BIREGRRELLERRE
Load () Loadg
T o Fam ".f,, i= i 30 2.7(mm) in 2.30million cy}les
w4 9 1 : EI‘ 1" 25 y |
| »f 2 V 4 50 Faqy : 104
E.‘; f F ] Q/' 20 : 7
ni Sy & 3 |20 02
2 iof [ *‘:/ 18 ]
o it “. J;.'I /» ‘mn i 15 -
- w " ]
'] &0 ° : 10 A
_6.7(mm) in 2.30 million cycles, ) o
K !
Mid-span deflection (mm) i o [ -. -
: : RN o = 4 6 8

L]
tzts & d{em

Fujiyama et al. (2011). Pseudo-cracking data assimilation, J. Advanced Concrete Technology

FASE ovghRitEETF0FE(SHEEH2945E)

® 3.37 million cycle

@ 2.94 million cycle ® 5.42 million cycle

(&) Lower
face

(b) Upper
face

® 5.42million cycle (Referential analysis)

10.0
9.0 —— Referential analysis
8.0
7.0
6.0
5.0
4.0
3.0
2.0
1.0
0.0
1.E+04 1.E+05 1.E+06 1.E+07 1.E+08

—— Assimilation at 200kiro cycles

G 6
@)

Deflection (mm)

@

Equivalent cycle
(c) Center deflection

Tanaka, Takahashi, Maekawa (2017) Journal of Advanced concrete technology
_9_




BRESH ovzhREEFSFE(SMER2,3065E0) =
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(c) Center deflection

Tanaka, Takahashi, Maekawa (2017) Journal of Advanced concrete technology
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Mechanics of Reinforced Concrete

' This crack pattemn cannot achieve the
Z crack in which pre -cracking domi mates failure path that transfers load from
loading point to support

Failure Process

Construction of failure path 3 Initial behavior dominated by
transferring force from load | pre-crack sliding
point to support i Deformational Compatibility

: 0 +—mm»

Initial cracking state

. . New crack formed
Diagonal cracks independently formed, along the failups

a7 merged, caused beam ['allure path

: m
{ Crack propagation ‘ _______________ i Failure process:

Crack a,b formed first -—-> No propagation
Beam containing no pre-existing cracks ‘ Constructmn of complete failure path  ¢rack ¢.d formed —-> merged with crack a, b

A E—— 5 e HIREE SES aay --->failure path completed

i / i —->beam failure

: i i S ] Z-crack in which diagonal crack dominates ‘
R

diagonal crack for Failure

=3
i [ 5
; First diagonal Energy a
i crack= Critical | consumed £
b

=

Crack I and 2
Independently formed,
merged and failed
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<+ Load (kN)
< 140
47
< 120
100
Load (kN) 80 |
140 - 60 .
0.0 7T 0 i !
1201 039 A 1 S S
0.39 0.88 1.77 294 4.12 530
1001 0.717 1.28 20 Number shows tension
o —- 1.84 0 at ultimate shear in MPa
%0 1 L= ~ o4 ‘ ‘ ‘ ‘
/===l 0 5 10 15 20
601 e 3.86 Center span deflection(mm)
2l Load(kN)
01~ 140
201 Number shows tensile stress 120 1 FEM
at ultimate shear in MPa
0 ' i T 100 1
0 2 4 6 8 % | ISCE
Center span deflection(mm . .
racking tension g
v P (mm) vA Cracking t "
Failure envelope - 0 1
Failure
envelope 1 Failure envelope 2 2 |
0 ‘ ‘
0 2 4 6
Applied tensile stress (MPa )
"N

ERIFHA,SENEA BONLLIEHEDBIZH (2]

20'1':\3'51'5 o
wi mm
il L A3
= 3-20M
: rJ —=4 | =400 mm i—?Omm . :
f |
125 mm—{r ' tapered 180 mm—{— 2m
' |15m|15m|1.5m]15m ; threaded splices 9 - 30M ' | (13# 1in)
i full-strength in three layers am
g '1430 mm with 85 mm diam. ¢ 550 mm
o B [160mm 4/ headseachend |
T‘ODmm i i 400 mm t I
| @3f) l (39 f 4in) |
J J Tm 12m ‘1
725 mm- ¢ West dﬂ East + L725 mm

v Observed Failure

After predictor-comrector cycles, the
crack direction is modified as the
most probable internal cracks.

Inside crack is
first assumed

z Surface crack is fixed as inspection does.

If crack is assumed far from the reality,
this gets mechanically inactive.
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(@) Lower
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8.0 analysis

7.0 ——Data assimilation (3]
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Deflection (mm)
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(c) Center deflection

Tanaka, Takahashi, Maekawa (2017) Journal of Advanced Concrete Technology
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Maekawa et al. (2003) Nonlinear Mechanics of Reinforced Concrete
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single sided, 10-50 years reversed cyclic, 10-60 sec

Maekawa et al. 2006,
Chijiwa et al. 2015
Journal of Advanced Concrete Tech.
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Maekawa et al. (2003) Nonlinear Mechanics of Reinforced Concrete
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