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Research Objectives

Develop synthetic fiber—reinforced UHPC mixtures using polyvinyl alcohol
(PVA) and carbon fibers (CF) as sustainable alternatives to steel fibers
and evaluate effects on workability, mechanical strength, shrinkage, and
durability properties.

Research Focus
» Investigate fiber replacement levels (0%, 33%, 50%, 75%).
* Maintain total fiber volume at 1.5%.

* Identify optimum synthetic fiber combination balancing strength,
ductility, and workability.

Hypothesis

Partial replacement of steel fibers with PVA and carbon fibers can
maintain UHPC performance while improving sustainability.
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Experimental Methods
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Fow tale test : AST C14:§7

Compressive Strength : Flexural Testing :
ASTI 0100 ASTM C1609

Split Tensile Strength
: ASTM C496

Modulus of Elasticity
: ASTM C469

Drying shrinkage
:ASTM C157

RCPT : ASTM C1202 Surface Resistivity :

AASHTO T 358
Sorpt|V|ty ASTM C1585

Repeated at least twice for consistency, reliability, and comparability of the results
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Research Approach
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mixture @ 3 Day (WB) B 7 Day (WB) B 7 Day (MC)
Task 1: Literature
review l
I ] S
l S 150
o
Task 2: Develop PVA fibers at 3 =
controlUHPC replacement = % .
mixture levels of 33%, =
7 50%, and 75% g
e g
© Q 50-
- Task 3: Develop &)
- .
7} nonmetallic
.qo_;' UHPC mixture
& 0
Tar§e7t fc:ow Revise mixture “ %
S varying HRWRA o oY
compressive d o &
osage Y’ ?.
strength ,Q f( o ’
< < & &
@ @ & &
B3 &
<

Task 5: * Compression (50 mm)

Development of . Floxure * Mixture SF8-FA8-0.2-34.65g (Control UHPC)

industrial guidelines - MOE

- Splittensile exhibited desired workability ( 203 to 230 mm), seven

* Shrinkage up to 91 days

- Durability day compressive strengths.

Total fiber volume: 1.50%  This mixture is being used in the development of
nonmetallic UHPC. -

1

LS| gE o =ee (
y ACi¥ CONCRETE
THE WORLD’S GATHERING PLACE FOR ADVANCING CONCRETE CONVENTION




Workability

Mixture proportions for synthetic fiber reinforced UHPC mixtures developed in this study 100+ ® FVAfbers M Carbon fibers
Mixture PLC SF FA Sand Steel PVA Carbon Water HRWRA w/cm  Flow a0l
Designation  kg/m’ kg/m’ kg/m’ kg/m® kg/m’ kg/m® kgm® kgm® L/m’ mm 5
Control UHPC 890 89 89 939.7 1187 0 0 213.6 3465 0.2 254 g 60+
PVA 33% 890 &9 89 920.6 79.5 6.5 0 232.6 3465 0.2 245 é a0
PVA50% 890 89 89 8952 593 8.8 0 232.1 4456 0.2 240 5
PVA75% 890 89 89 8825 392 133 0 2319 495 0.2 240 T o]
Carbon33% 890 89 89 8444 79.5 0 9 231 6436 0.2 230
Carbon 50% 890 89 89 819 593 0 13.7 230.5 7427 0.2 220 ° 0% 33% 50% 75%
Carbon75% 890 89 89 8063 392 0 1831 2303 792 02 220 i VA an carpon foere.

* PVA 33% refers to a mixture in which 33% (0.5%) of the total fiber volume is PVA fibers, with the remaining
67% (1.0%) as steel fibers.

«  HRWRA dosage adjusted to achieve target flow of 203—-230 mm.
+  Workability decreased with higher synthetic fiber content.

+ PVAfibers required up to 49.5 I/m®* HRWRA at 75% replacement (vs 34.65 |/m? for control), because of
hydrophilic nature of PVA fibers. e

« Carbon fibers showed greater impact, needing 64—79 I/m? at 33—75% replacement. Though hydrophobic in
nature, reduction attributed to fiber agglomeration, higher surface area, and water absorption.
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Compressive Strength of 50 mm cubes

Steel fiber > Carbon fiber > PVA fiber
MC wB N=8 regardless of replacement level or testing age

-+ 0% - 33%PVA - 33% Carbon * 0% = 33%PVA -« 33% Carbon

-
D
t=1

PVA Fiber Mixtures
+ 33% replacement showed the smallest reduction

» All mixtures achieved 2120 MPa by 28 days in WB, except at
e — % 75% replacement under both curing regimens (even at 56
°r Age :(jgays] v ’ ©oE Age :(slga),'s)“G »e d ayS ) .

-+ 0% 4 50%PVA - 50% Carbon + 0% @ 50%PVA = 50% Carbon
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* Lower elastic modulus of polymeric fibers vs. steel — less
effective in bridging microcracks under compression.
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Compressive strength (MPa)
Compressive strength (MPa)

100 100 » High aspect ratio of PVA — poor dispersion, fiber clustering,
8 0 and premature debonding at the matrix interface resulting in
804 80y non-uniform load transfer.
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Age (Days) Age (Days)
160~ -+ 0% = 75% PVA -« 75% Carbon 160 -+ 0% = 75%PVA - 75% Carbon Carbon Fiber Mixtures
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* Negligible loss in compressive strength (<5% for 33% and
50% replacement levels and <10% for 75% replacement
levels in both the curing regimens. gl
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Compressive strength (MPa)
Compressive strength (MPa)

R R TR * Due to poor wetting and agglomeration.
i — e « Al mixtures still achieved UHPC’S target strength b
days in MC.
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Modulus of Elasticity and Split Tensile Strength
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— Modulus of Elasticity: Control > Carbon > PVA

w
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Slight decline with increasing steel fiber replacement
33% replacement maintained ~95% of control stiffness.

Modulus of elasticicty
(GPa)
N
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« PVA mixtures showed least stiffness reduction due to polymeric
flexibility.
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S & « Carbon fibers provided better stiffness retention owing to their
<’ higher modulus and strong confinement effect.

0% M33%PVA M 33% Carbon 0% B 50% PVA B 50% Carbon | N=8

=
ol
-
L

Splitting Tensile Strength

-
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Control UHPC mixture: 9.9 MPa

Split tensile strength (MPa)
n

Split tensile strength (MPa)

PVA fiber mixtures:
Y 33% replacement — 2.6% 1
- S RSEnt Sk 50—75% replacement — further reduction of 4.4% and 30.5%

=]

Carbon fiber mixtures:
33% replacement — 4.8% 1
50% replacement —2.1 % |
75% replacement —16 % |
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P-A Behavior of PVA Fiber Reinforced UHPC

Seven Days 28 Days
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P-A Behavior of Carbon Fiber Reinforced U

Seven Days 28 Days
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Seven Days

28 Days

Flexural Properties — First Peak Strength
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« MC (28 d): PVA < Control (-2.5, -13.7, and —16.1% as replacement 1)

Carbon = Control (= ~2% lower) p
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« WB (28 d): PVA> Control (+14.6 to +43.3%)
Carbon < Control (-1.8 to —11.8%)
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The observed trends for peak flexural strength closely mirrored those for MOR.

LLI

T

LLI

%

Q

Z

@)

@)

Q)

Z

@,

Z

%G/ uoqien <

%0G UoqLED W

%EE UogIeD I

|0Jjuo) o

g O

%G/ YAd LL

" %08 VAd O

= %EE VA I

1

a) |oJjuo) =

C

o %G/ UogIeD %

) %0G UOgIeD =

) %EE UoGIeD %
oJijuo

) |03U0D =

s <

%G/, VAd Q)

%0S YAd %

%EE VA a)

|0JJu0D) mu_

w.--_.h—du--w--—rhu--& O

N -— — W

(edN) uibuaiys sead "

1T

_l




Flexural Properties — Toughness
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Control: 45-50J , at all days in both the curing regimens

MC WB

PVA33%: Nearly matched control (MC) and exceeded by > 20
% (WB, 28 days)

0-

|||||
2 <2 o

Toughness at L/600 (Joules)
® L 9. .77 .
T
I
I— ]
0,
0,
0,
o
10,
Toughness at L/600 (Joules)
& s &
A PR SR
2
- 5]
- H
o I—
§€
- =
—

1L | PVAS0% & 75%: Retained acceptable toughness, especially
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: ] ue v £l v Carbon-fiber mixtures: Significant reductions (30-50 %) due to
360-_ 2] . .
g ] g ] weak bonding and low elongation
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2 ] £
g ] . o/ . .
£ a0, At L/600, 33 % PVA again > control by ~ 34 %; carbon mixtures
=1 ° H ]
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i
Average toughness of all UHPC mixtures cured under MC
and WB curing regimens: (A) Deflection at L/600— seven
days; (B) Deflection at L/600— 28 days; (C) Deflection at
L/150 — seven days; and (D) Deflection at L/150 — 28 days ™~
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Flexural Properties — Residual Flexural Strengths

PVA Fiber Mixtures:
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WB curing at both L/600 and L/150, especially at 28 days.

H At 33 % replacement, exceeded control residual strength under

; : Moderate replacement (33-50 %) enhanced post-crack strength
SRk Takewx Tekk TkbkE BELE SEii BERiE BEiE and dUCtlIlty

nnnnnnnnnnnnnnn

o
|

Higher replacement (75 %) caused noticeable strength loss under
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:1C e w S ID e w both curing conditions.

3 15 315

P fa Carbon Fiber Mixtures:

5ﬂﬂﬂﬂm1ﬂﬂﬂﬂjnl 5?ﬂﬂﬂﬂ'|m Consistently underperformed compared to the control and PVA
& oI LI QT BRRE @ AL HHER ORI BEEE | mixtures at all deflection levels and ages.

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

Strength reductions reached 30-50 %, especially at higher o
Average residual strengths of UHPC mixtures cured replacement levels and larger deflections.
under MC and WB curing regimens: (A) Deflection at

L/600- seven days; (B) Deflection at L/600— 28 days; Limited crack-bridging and low elongation
(C) Deflection at L/150 — seven days; and (D) resulted in brittle behavior.

Deflection at L/150— 28 days ( 2
) GCL" CONCRETE
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Flexural Properties —Equivalent Flexural Strengths

Control UHPC: 81.2% at 28 days

100- ® 7 Days (MC) u 7 Days (WB) 100- B ® 7 Days (MC) ®m 7 Days (WB)
] 4 28 Days (MC) ¢ 28 Days (WB 1 4 28 Days (MC) + 28 Days (WB . : .
z o . g | PVA Fiber Mixtures:
E8 16 1 $ 3 3 £8 1.
x 80+ . . x 80 .
&z . o 2277, . . Under MC, the 33 % PVA mixture closely matched the
o 1 A c o 1 ® o .
88 ] - g% |, L P S control, while 50 % and 75 % replacements showed
g2 6o g2 o0 . : moderate reductions (down to 57-68 %).
A 7 .
ol ol r————— - 7 Under WB, all PVA mixtures achieved comparable
[ b 2 8 N 2 ) g ) & o o .
E 2 2 5 3 %2 & £ < < < : £ = values, ranging from 67-74 %.
© 2 &2 z & g 2 © 2 2 & & & ¢
N=6 S 8§ 8 |[n=6 s & &

. _ Carbon Fiber Mixtures:
Average equivalent flexural strengths of UHPC mixtures cured

under MC and WB curing regimens at seven and 28 days: (A) Under MC and WB, all carbon mixtures underperformed,
Equivalent flexural strengths at L/600 (B) Equivalent flexural —reaching only 6075 %.
strengths at L/150
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Drying Shrinkage

1200 — Control = PVA 50% N=6 1200 — Control - Carbon 33% M
’g - PVA33% = PVA75% ‘g = Carbon50% = Carbon 75% Mlxture Average drymg
%mo_ ............. ‘%mo_ el PPt designation _shrinkage (ug)
S 800 = _: """""""""""""" % 800 L Control 976
] £ ol 7 PVA 33% 664
> frr T o 4 PVA 50% 836
2 400+ lf g 400 [ PVA 75% 941
(0] []
£ 200 | 2 ool [f Carbob 33% 1018
z < ] Carbon 50% 1053

T T T T T T T T T T T T 1 C
G0 7 14 21 28 35 42 49 56 63 70 77 84 91 0 "/ 1'4 2]1 2]8 3'5 4'2 4'9 5|6 6|3 7'0 7'7 8|4 9'1 Carbon 75% 1060
Days Days

a a N= * 33% PVA mixture exhibited lowest shrinkage
§3_ 5, « optimal fiber dispersion and minimized
] c .
s 5 agglomeration.
t =

o 2 * at higher dosages (50% and 75%), fiber
§1_ ‘,‘g1_ clustering and interfacial voids may
© © compromise matrix densification, reducing ’

long-term shrinkage mitigation.
0— 0
0% 33% 50% 75% 0% 33% 50% 75%
Percentage repalcement level of steel fibers with PVA fibers Percentage repalcement level of steel fibers with carbon fibers ° POOI’ matriX denS|f|Cat|On around Cal’bon flberS

likely exacerbates capillary stress and drying
deformation.
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RCPT, SRT, and Sorptivity

Sorptivity coefficient
(mm/isec)
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Surface resistivity (kQ-cm)
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PVA modified UHPC mixtures fall within the very low
penetrability classification as per ASTM C1202 and
AASHTO T358.

Control and Carbon fiber reinforced UHPC mixtures fall
under low penetrability category as per ASTM C1202.

Intrinsic electrical conductivity of steel and carbon fibers,
can create conductive pathways in the cementitious matrix
and artificially elevate RCPT and SRT results.

The lowest sorptivity coefficient of 0.82 mm/vsec was
achieved by PVA 33% mixture.

All the PVA modified UHPC mixtures have lower sorptivity
than the control and carbon fiber modified UHPC mixtures.
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Conclusions

« PVA and carbon fibers can be sustainable alternatives to steel fibers.

» All mixtures maintained the target compressive strength of 120 MPa by 28 days, except at 75%
PVA replacement.

» Carbon fiber mixtures demonstrated better compressive strengths than PVA mixtures.

« Splitting tensile strength and modulus of elasticity decreased with increasing replacement levels;
carbon fibers outperformed PVA.

*  PVAimproved flexural performance under WB curing, while carbon fiber modified UHPC mixtures
showed comparable performance to control mixtures.

« PVAfiber mixtures showed better shrinkage resistance and durability performance than carbon >
mixtures highlighting their long-term sustainability potential.
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Thank You
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Concrete’s ma reen benefits '_ D : ,
make it the sustainable choice. S P A~ i " ) S ——

SRR AR o o

“Alone we can do so little; together e n o so muh.” — Helen Keller
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