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Test Advantages

Disadvantages

Single-fiber - Simple and convenient

test

Multiple-fi- - Relatively low requirement for equipment precision

bers test - Low variability

Single-sided - Fiber—matrix interface can be observed directly

test - Simple and convenient

Double-sid- - Easy to grasp specimens

ed test - Simulating the practical stress/strain conditions of the composites

- Highly precise equipment is required owing to small pullout load

- Large variability

« Effect of fiber spacing could not be considered

- Inconvenient operation

- Lower pullout load result than that of single-fiber test

+ Higher possibility of local stress and strain concentration of matrix

- Difficult to manufacture an enormous number of specimens safely and rapidly

- Difficulty in gripping the free end of fiber

- Inconvenient operation

- Difficult to manufacture an enormous number of specimens safely and rapidly
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Specimen Test configuration Remarks Refs.
Single-fiber, sin- A 50 mm x 50 mm X 50 mm or 100 mm x 100 mm x 50 mm specimen was fixed to ~ [32-33]
:I - gle-sided a frame
—— > [
oL Ll A 10 mm X 10 mm x 10 mm specimen; a compressive stress up to 76 MPa was ap- [34]
plied by an active screw to investigate confinement effect
EEEEE—— > [
T 7T 77
Angle up to 45°; two half dog bone-shaped specimens were cast in one modified [14,35-36]
mold
I >
A round matrix grip was selected to reduce the grip confinement [4]
“«— @ —_— P
Single-fiber, dou- Fiber angle up to 60° [37]
ble-sided
- —_ —p
Multiple-fibers, Four or nine fibers embedded in a dog-bone specimen [22,38]
double-sided
- — P
I
32 fibers embedded in a dog-bone specimen; angle up to 60° [26]
—>P
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YA, ARYE-EAR TR S T 4 N BT IR SE CPAT T 54D
MBL kG4 (R BT ST [42]. XL E A LR R
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YR AEMIR[49]. BTN YR A - Sk S 8 sS, H
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(RIS R G H T B ) P 4 4 o e P v 5 30
1 24 W R e 1 A 2

R LRTR, SFYEMT (R B2 UHPC PR AT APl
ERERBEER. R, BT 4l 7R, E5e4E
(1) UHPC H 3 AR A0 AT 9 I MEPEBRAR[S0]. BRIk, FEER ST
FEZL S5 N3 NARAT NI, I N R AR ) R

Ub U
e R
Pullout load

Pullout load

3.2.1. L HERARBEIA AR AR AT N

TERBGE MR Fe AR, W8 B A LT LR (R B9 41 4 (¥ b
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Y LLE T UHPC PR N LT 45 5 35 8 IR S IO R4k AT N
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R i TR NSt R o SR, A A3 18 38 U {1 i 2K
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Bfo TESEAURGGE, T8 B BRI 25 R 2o M i h 4k e 1 o
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o
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I A EEOM B (O-P',) EFANLEE R T OB
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TrUR, Y-SR R BEEWT R AG . IX B Py, R, k-
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e, SFEHREHRTEIN, BEREREME. Mk
KB P, p B, BUORSRR B A B ER, AR 4E-EAAORG Pt 0k
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Elastic and plastic deforming

Debonding

Fiber fracture
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P,=P,=P, + AP’ (15)
Pullout load
Py P
N Hook contribution (2 plastic hinge)

Hook contribution (1 plastic hinge)

/P

P,
;K
fiber
Pl i
cr \\L'\ Frictional pullout

i
AMAy  As Ag Fiber end displacement

(a)

Pullout load

PZ P3
N

Hook contribution (3 plastic hinge)
Hook contribution (2 plastic hinge)
P4 P5

\

P Hook contribution
1 (1 plastic hinge)
\ Straight
P_|- fiber )

cr
\\K Frictional pullout

Mhy Ay Ag As

\\

Fiber end displacement

(b)

Pullout load

Py Py

— Hook contribution (4 plastic hinge)

Hook contribution (3 plastic hinge)
EA o il
P, 1 Ps
; RN_\_ Hook contribution
\ %éreilght (1 plastic hinge)

Hook contribution
(2 plastic hinge)

Per|- N\ i
\J’j Frictional pullout

MAy Ay A4 45 A6  Fiber end displacement
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P,=P,+AP" (16)
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Mechanism

Recommendations on mixture design Refs.

Increased surface roughness of fiber

Increased mechanical deformation of fiber

Use highly deformed fibers with high tensile strength: multiple bends at

Use fiber with polished surface [60]

[59,63,84-85]

hook end, long hook end, highly twisted and highly corrugated fibers

Orientation of fiber

Use straight and half-hooked fibers instead of hooked or twisted fibers for in- [37]

creasing bond properties at random inclination angles

Enhanced matrix density
Congestion of hydration products at interface
Addition of pozzolanic reactive material
Addition of nano-materials associated with filling and nucle-
ation effects
quirement

Enhanced particle dispersion

Use a w/b ratio lower than 0.2 [32]
Use 15%-25% silica fume (by the total mass of binder) [22]
Use approximately 1% nano-SiO, or 3.2% nano-CaCO,. The optimal content [23,46]

changes depending on mixture composition, water dosage, and flowability re-

Adopt two types of fine sand with various grain sizes in a proper proportion, [59]

low sand-to-cement ratio, and very fine glass powder

Inhibition of crack development on micro- and macro-scales

Use hybrid steel fibers [86]




Surface treatment
(oiled or coated by brass/zinc)

Etched or roughened surface

* Physicochemical adhesion
* Friction ———

Round with end paddles

| Round with end buttons |

Round with half-hooked ends
At the fiber end —-

‘ Round with hooked ends

Round with double-anchored ends

¢ Physicochemical adhesion
o Friction

* Mechanical bond
Crimped (round, flat, or of any section)

' Indented surface

Polygonal twisted

Along the fiber e— -
Arch with end bends
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HH-fiber

Average bond stress (MPa)
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Normalized slip, s/Lg (mm-mm™")
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