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Investigation on contributions of steel fibers in ultra-high-performance concrete based

on fracture mechanics
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@ : Crack formation
matrix

UHPC

@ : Multiple crack formation

3 : Crack localization
- Cohesive stress
L] @ : Crack localization
->Bridge stress
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- UHPC QIEHS 7+ &
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1. Matrix(vy = 0%)2F UHPC2| mi1|0f| L X| 2| Hot= 7 et
2. Matrix0f| 2} g7 FAHZE ot (Matrix HigH| 173)
3. Matrix, UHPC Softening, Hardening behavior : bilinear
. Hardening mechanism : Formation of the Line Crack = Formation of the Multiple Crack (FPZ_ Fracture Process Zone)

. Softening mechanism : Crack localization(= crack coalesce) = Cohesive stress (Matrix ~concrete) , Cohesive stress + Bridge stress (UHPC)
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— matrix
—— UHPC

< tensile Strain- softening diagram at Pmax > < tensile Strain- softening diagram at Pmax >

1step. Changes of Initial fracture energy due to steel fiber_ G¢(a) @ UHPC 7|2
Gf(a) = Gf,U — Gf,M 8 p fl Ep
- €0 =28
!
> : - [ =
2step. Initial fracture energy of Matrix (v = 0%) _ G¢u 3step. Initial fracture energy of UHPC _ Gy y - W= fawg

109f; ¢
Gf,M_{ &ft + D n sin(6 — BM)} = Gf,U_{_ gof't + 229k p_ sin(6 — QU)}

2 sinf cosfy 2 sin6 cosOy

2fofs eof e +5 09/:(1 =20y  faw
= Beofi +3 095~} w,
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4step. Definition of contribution coefficient of steel fiber (1)
- Gry =M1 Gy

(fafs ofir 097,02 LD)l,

T i = ft
{EOft+0-9ft(1—E } matrix

UHPC

5step. Simplification of Matrix term (f,)

- fib model code
1/3 1/3
- E=215#%103 (“‘—*8) or 21.5%103 (f—k)
10 10

- &, = 0.00015
- f; = 0.3 (f.1)?/2 or 2.12In(1 + 0.1(f.x + 8))

-11(G)

< tensile Strain- softening diagram at Pmax >

- Crack band theory for fracture of concrete

~ _ 0482E
- = 56.7+ft(MPa) & UHPC A=
’
- &€y =he
_ [e(56.7+f¢) p p
- & = 0.487-'- 0.00015 - 8,0 — f2 &0
- [l =Mt

= 1n:= K4(f.1, Steel fiber) - W= fw,




S 2. 83897 702 22 _n.6n

1step. Changes of Initial fracture energy due to steel fiber_ G¢(a)
Changes of total fracture energy due to steel fiber_ Gp(a)

Ge(a) = Gry — Gry matrix
Gp(a) = Gr,y — Gp, M UHPC

2step. Total fracture energy of Matrix (v = 0%) _ Grum

- Gpm = Gy + 0.1f; = (e — &) xw,

7|0 pal ,
= - Gf,M + G F.M
~12(Gp) . . . .
3step. Total fracture energy of UHPC _ Gy 4 < tensile Strain- softening diagram at fracture >

. GF,U: Gf.U"'%(Slu_g,O)*W,C © UHPC 7:||_JI\_
- &y =hg

= Gry + 0.1f(fafsfeeu — fafafs€0) * We ,
- &9 =f2¢&

4
:Gf.U+G,F,U - ft :f3ft
- W,c = fa Wc
4step. Definition of contribution coefficient of steel fiber (1,) & Simplification - 0= f:02f;

!
- &y =feEu

= Gzlr,u = 772G,F,M
2> 0.1f(fafsfecu — fofafs€0) * We= 13 0.1f; * (g, — &) * W,

“n, = fafsfeeu—Tf2fafs€0 _ Ky (f., fiber factor)

Eu—¢€o
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o M

=
: 28wl BOH[ (v, = 0.2~0.4%)E B2 &8, > Matrix term = constant.

f3 f
{f2f3 Eoftt 0-9ft(1_ﬁ$ }f4 _ Gp()

{Soft+0-9ft(1—;—gtp } Gf,m

>n = + 1 = K4(f,«, fiber factor ) = 0.0614x + 1

> g, = [elsufolafsto _ 6r@=6r@) | 4 - Kg(f &, fiber factor ) = 0.7508x + 1

2t O = (=]
2l Sl

20
15

10
[ "

N2
y = 0.0614x + 1 5 y=0.7508x + 1

R2 = 0.9871 R2 = 0.9512
0

5 10 15 20 25 0 5 10 15 20
Fiber factor (V¢ 1/d) Fiber factor (V¢ 1/d)

= M.T Kazemi (2017) Fracture properties of steel fiber reinforced high strength concrete using work of fracture and size

effect methods. Construction and building material 142, 482-489 _
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S2HM| 6%= Matrix BiEHH| 2 M ™

(@

- ddwr 2YEY e MW daotE 7

- ot 7 ZE7H100 MPa R0 2t 28 = BiRH| M8 7[= 0 120 MPa & HEY A2 = HE

—

..
Cement | Silica fume | Silica flour Fine sand Water w/c w/b Compressive
o = strength
N 9 A 9
62 AH60%) | 72 AH40%) VLED)
0.552 0.368 0.16 -
0.552 0.368 0.16 -
0.552 0.368 0.16 100MPa
. 0.552 0.368 . . . 0.152 160MPa
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RILEM recommendation
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Small
Medium

large

Size effect& Bt ot7| {8l (Gp) @& H[(a/d, s/d, b = constatnt) 1178

A=
A9l 2UES MHeleBHE B

- g : 6min

- Water(70%) : 2 min

- Superplasticizer + Water (30%) : 13 min
- Steel fiber : 6 min
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‘ Input data ‘ ------ 1.specimen File name, 2.material file name

—————— Import input data.
Import dat 3pb.txt, ma3pb.txt L : : : -
‘ b i i M | -specimen file : Pmax, thickness, depth, g_& &A=

-material file : dmax, ft, Ec

‘ Cal. Y.X ‘ - Calculation for Y, X

‘ Data frame. Ydb, Xdb ‘

I }

yes

lNO

2GS B 0] 447 Regression analysis 1| . Regression analysis (Inear function - Y = AX + C)
(y intercept, inclination)

'

‘ Cal. Gf ‘
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nath
matplot1ib.pyplot es pit
pandas 5 pd
statswodes.api

Input data

e
nditions=line.spl it0)
(condit ions[0] )

(condit ions (1]}
Import data ( ex_3pb.txt, ma3pb.txt ) |<— Sy

‘fdo, append(¥)
o, append(X)
foolose()

@aww g

result=pd,DataFrane({ ¥ :vdb, " :xdo})
reg=sm,OLS. T ron_formulal V=%, result), Fit()

Ca | Y X (reg.summary (1)
. ' Fit=np.palyf it (Kb, Ydb, 1)

fit_fn=np.palyld(i it

yes

Data frame. Ydb, Xdb

I _ I

—— Remaining data? ——

wode|=stats. | inregress(xdb, Yb)
A=node | .slope
N O C=nodel , intercept
G1=g/A/E
Caf:L6r)
plt ot b, Vb, ', %db, it _fn(¥db), 'r)

plt xlabsi('d")
plt ylabel (175t ress2")

plt title('08")

Bt THR|OL{ K] A Regression analysis
(y intercept, inclination)

'

Cal. Gf
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