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Superabsorbentpolymers (SAPs)are one such innovations,
which create reservoirsin concrete that provides additional
water for optimum hydration within the cementmatrix.

MOTIVATION

The growingdemandfor sustainableconstructionis
driving innovative solutionsaimed at enhancingthe
durability and servicelife of concreteinfrastructure
by improving the microstructure quality through
internal curing.

X Internal curing
- relies on the controlled releaseof water within -
concreteto enhance
V Cementhydration,
V Mitigate selfdesiccation[1].
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Durable concrete usage helps;

DecreaseCQ emissions
and energy consumption

Decrease frequency of replacement
of existing structures

N Increase return on investment

. ' Reduce maintenance costs
1 R
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Superabsorbenpolymers(SAPspopularlyknownashydrogels are
crosslinked polymerswith capability of absorbinglarge volume of
fluid in comparisorto its own mass forminginsolublegel[2].

Theyactas

V Internal water reservoirs

V Alternative to pre-wetted lightweight aggregates
(LWA)for internal curingpurposes

Benefits
V Improve hydration
V Reducemoisture gradient
A Mitigate durability challengesn cementitioussystems
- Dryingandautogenousshrinkage,
- Scaling resistance (by improving strength and g
minimizingnearsurfacedrying)
- Improve quality of microstructure(reducechloride
permeability,etc.)
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Superabsorbent polymers (SAPs) as internal curing agents

Water-filled SAPparticleso & K & R NBl&h&t & £ ytput
water during curing to fuel the hydration V  Absorptioncapacityof SAFn cementmortar
reactionfrom the inside V' Whenin the mixingsequenceshouldSAFbe added

V Is extra water required to maintain workability of mortar
usingSAP

V Effect of extra water on mechanicalproperties of SAP
mortar [5].

x Comparable or improved mechanical
properties

X Reduces autogenous shrinkage

X Improves hydrationsl]

X Increases durabilityd],[ 7]

Adams, C. J., Bose, B., Mann, E., Erk, Belinpod A., Castillo, A., Rodriguez, F. B., Wang, Y., & Olek, J. (2022).
Superabsorbent polymers for internally cured concfébint Transportation Research Program Publication No

.
FHWA/IN/JTRP022/04). West Lafayette, IN: Purdue Univerdityps://doi.org/10.5703/1288284317366 ( “ : )
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Project Goal

To determine how delivery method and
mixture composition influence the curing
performance of concrete containing a
commercial SAP formulation and Type IL
cement slagcement and colloidal
nanosilica

dXV1ig b\UOclhRdXVbY~hl \RTV1IW_DbI1R CONVENTION

Research Objectives

Evaluatethe internal curing performanceof commercialSAP
In concrete mixtures containing Type IL cement as well as
slagcement,andcolloidalnanosilica

Develop and evaluate practical field implementation
strategies to successfullydeliver and disperse SAP In
concretemixtures

Conducffield trialsto comparethe strengthand durability of
SAPRcontaining mixtures with mixtures cured with curing
compound >
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Dissolvablebag enclosedin an outer, water-
proof plastic bag (outer bag removedbefore
the dissolvabldbagintroducedto the mixer)

Packaged SAP particles
Approx 1 Ib. of dry SARs neededfor
1 cu. yd. classC concrete (0.2% SAP
by weight of binder)
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LABORATORY
EXPERIMENTS
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Coarse Aggregate
(25 mmg 2.36 mm)

Superabsorbent polymer
Polyacrylamidébased
particles
Dry diameter 800 um

Fine Aggregates
. (4.75mmg 75um)

(L~

ot

Slag Cement
Grade 100 Admixtures Potable Water "¢ C «
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Hydration Kinetics Drying Shrinkage : SAP Delivery > Fresh Properties Conclusion

Evaluate the impact of SAPdelivery method, on fresh properties, Mix Design
mechanicabnddurability propertiesof SAPmodified concrete

Mix Description | w/b ratio Cement | CoarseAgg. | FineAgg | Water Slag SAP HRWRA AEA
i (kg/m3) (kg/m3) (kg/m3) | (kg/m3) | (kg/m3) | (kg/m3) | (mL/100kg) | (mL/100kg)

Reference 390.39 1007.36 706.57 171.77

2 Ref+SAP_DB 0.44 390.39 1007.36 706.57 171.77 - 50
7 Ref+SAP_DP 0.44 390.39 1000.36 706.57 171.77 0.78 400 50
4 Ref+S+SAP_DB 0.44 27527 1000.36 706.57 171.77 117.12 0.78 400 50
3 Ref+5+SAP_DP 0.44 2I3. 27 1000.36 706.57 171.77 117.12 0.78 400 50

DB Dissolvable Bag

DP Direct Pour

Target Slump and Air Content N a

| slump (inches) | Air Content (%) . ¢l i
3-5 5-8

Dissolvable Bag Wi
)
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Conclusion

Hydration Kinetics Drying Shrinkage

SAP Delivery : Fresh Properties > Hardened Properties
’ //

Slump and Air Content

Air Content

Mix Description (%)

REF+S+SAP




Conclusion

Hydration Kinetics Drying Shrinkage SAP Delivery Fresh Properties )

Compressive Strength

Compressive Strength Range

W3 Days M7 Days [28 Days A 3 Days2700c¢ 3300 psi
A 7 Days3550¢ 4120 psi
5000 - _
A 28 Days#4160¢ 5025 psi
_%- 4000 ]
=
é 3000 |
£
g 2000 -
=
E
S 1000
o
ﬂ -
REF REF+SAP_DP REF+SAP_DB | REF+5+SAP_DP  REF+5+SAP_DB
REF REF+SAP REF+5+SAP
; S
i " CONCRETE
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Conclusion

Hydration Kinetics Drying Shrinkage SAP Delivery Fresh Properties )

Flexural Strength

Flexural Strength Range:

Flexural Strength at 28 Days 28 Days600¢ 720 psi
BOO -
?m : . F—
: A Direct addition of SAP (DMto

600 the concrete mixtures resulted to
= ] increased flexural strength @0%
:u' 00 ] while SAP addition using
W ] dissolvable bags increased the
E 200 | strength value by 12% at 28 days
bt ]
O
27
o ]

100 -

0 - f'\.‘
REF REF+SAP_DP REF+SAP_DB  REF+S+SAP_DP  REF+5+SAP_DB acjl' CONCRETE
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Hydration Kinetics Drying Shrinkage SAP Delivery Fresh Properties ) 4 ardened Properties Conclusion

Ultrasonic Pulse Velocity (UPV)

=000 7 UPV of Concrete Beams 5000 UPV of Concrete Cylinders
i BM3Days EH7Days [O0O14 Days [ 28 Days ] m3 Days m7 Days @14 Days [28 Days
4800 - Rl 4800 L
] W B : +
__4600 : 2600 -
E ] =
& 1 E
5 1 =
4400 H & 4200 -
4200 ] 4200 1
2000 2000
REF REF+SAP_DP REF+SAP_DB REF+5+5AP_DP REF+5+5SAP_DB REF REF+5AP_DP REF+5AP_DB REF+5+SAP_DP REF+5+SAP_DB
Mix ID Mix ID
Age (Days) 4”x4” x16” Beams 4” x 8” Cylinders
3 4430 — 4490 4200 - 4450
7 4480 — 4635 4370- 4610
14 4635 — 4720 4520 — 4660 (ACi® cONCRETE
ARh1 \RTV1W b 1R
28 4680 — 4800 4580 — 4725 - CONVENTION
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Hydration Kinetics Drying Shrinkage SAP Delivery Fresh Properties Hardened Propertles Conclusion
Resonant Frequency (Flexure)

Dynamic Elastic Modulus, E (ASTM C597-22 ] o Dynamic Mndulus of Dynamic Modulus of Shear Modulus of
StandardTestMethod for UltrasonicPulseVelocity =~ Mix Description . . .
h he . Elasticity, E Elasticity, E Elasticity, G
roughtoncrete GPa GPa GPa
REF 47.07 33.72 15.68
5.1 e ulvssoic puse velcit, V. of longiudinal e |~ e Gap BF =~ T T " 4g55 T T """ 373"~ 7 " 1708 )
SO stress waves in a concrete mass is related to its elastic —

!
I
properties and density according to the following relationship: : REF+SAP_DB 50.29 38.14 17.74 |
‘ / E(1—p) < REF+5+5AP_DP 47.84 36.52 16.99 I
/o= — (1) I
VelrFa)(I=22) | REF+S+SAP_DB 47.42 35.51 16.52 ,
where: T mmm/msmsmsmsmsms;ms;ms;m-s;m-s;m_-m_e_EeE_em_ms—_—_—_—_—;_EEESE - —_—_—__——_————
E = d)inflm?(: nm.c.ll.lIuio{ e_lust‘ici_ly. 60 Dynamic Modulus of Elasticity, E
# = dynamic Poisson’s ratio, and
p = density.
LT ] =
&
E]
S 30
z
E
= 20
&
10
4 ‘ 0
dXV1 g _ b\ UdclhRd REF REF+SAP_DP REF+SAP_DB REF+5+SAP_DP REF+5+SAP_DB
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Hydration Kinetics Drying Shrinkage SAP Delivery Fresh Propertles Hardened Propertles

D\mamlc Modulus of Elasticity, E

Conclusion

. . / L — —_—
Dynamic Elastic Modulus, E (ASTM E1-22% a0 ' _ - T~
{GFyRINR ¢Sat aSiK2R F2NJ58yLYAO _ = E ! )_/ .
t 2A442YyQ4 NI GA2 08 LYLMAzA AS 9EOAGE § s N . N _
i — L3 -
uu:-‘ — —— \ = . —_— ’ -
1
d " E1876 - 22 £
= 20
E
Out-of-plane =
% g
#7 0.2241 ;l(ey 10
) Impulsa paint (from top or bottom) >
(D Direct contact detecting transducer point o
®@LD Non-contact detecting transducer point REF REF+SAP_DP REF+SAP DB REF+S+SAP_DP REF+S+SAP DB
(ML Alternative non-contact detecting transducer point Mixture 1D

........... node

&) Impulse point (from top or bottom)
{#h Direct contact detecting transducer point

(2.0 Non-contact detecting transducer point

(M. Alternative non-contact detecting transducer point
-~ node

FIG. 3 Rectangular Specimens Tested for In-Plane and Out-of-Plane Flexure

Resonant Frequency (Transverse) Flexured)#tlane

Dynamic Modulus, E [GPa)
S
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REF

REF+SAP_DP

REF+5AP_DB
Mixture ID

Dynamic Shear Modulus of Elasticity, G

REF+5+5AP_DP

REF+5+SAP_DB
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FROM THE LABORATORY TO THE FII

(FIELD TRIALS)
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e — e —

Target Slump (inches) 3-7
Target Air Content (%) 5-8

Summary of CMDs (Slabs 6 —11)

Slag (by WRA (fl. oz/ AEA (fl. oz/
{:I':,e;nen;l weight of !“I_a"?c FA/tot. agg | 100 Ibs. of 100 Ibs. of
i cement) SHiee cementitious) | cementitious)

Slab 6 658 0.44 0.41 - ~0.9
(Reference)
Slab 7 (Ref + _ -
Nano silica IC) 658 0.44 4 oz/cwt 0.41 0.8
Slab 8 (Ref + 461 197  0.44 0.41 = ~0.8
Slag)
Slab 9 (Ref +
Slag + Nano 461 197 0.44 4 oz/cwt 0.41 _ ~0.8
silica IC)
Slab 10 (Ref + _ ~
SAP) 658 0.44 1 bag 0.41 0.8
Slab 11 (Ref + 3 _
SAP+ Slag) 461 197 0.44 1 bag 0.41 0.9
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Placing plastic sheet over concrete Application of curing compound

_ . ) -
4 > : & o

»
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Coresfrom the slabsretrieved at ageof 7, 28, 56,
90 and365days

S o
U ) g
A \ - o f S
" / e
- A

REAL

cylindersconnectedto Datalogger
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Laboratory Curing

CURINREGIMES

Specimens: Cast concrete cylinders and beams
Conditions:
Constant temperature 23cC, Relative humidity ~ 50%,

wet curing

Variables:
Curing compound (CC), without curing compound (NC),
addition of colloidal nanosilica (NS1), and incorporation

T
. )
e

Field Curing
Specimens: Field cast slabs, Concrete cores
Conditions:
Variable temperature, moist environment, cyclic freezing
and thawing

Variables:
Curing compound (CC), without curing compound (NC),
addition of colloidal nanosilica (NS1), and incorporation
of SAP
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Test Name Procedure Specimen Specification

Air Content and Workability ASTM C143-20; C231-24 Fresh concrete

Compressive strength ASTM C39-24 4 in. x 8 in. concrete cylinder/ cores
Flexural strength ASTM C78-22 6in. x 6in. x 18 in. concrete beams
Splitting tensile strength ASTM C496-17 4in. x 8 in. cores

Scaling resistance ASTM C672-12 10 in. x 4 in. cylindrical specimens
Resistivity and Formation factor AASHTO T402-23 4 in. x 8 in. cores and cast cylinde ;'j— :

—~=
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Resistivity &
Formatlon Factor

Water Absorption

. Splitting Tensile Depth of Chloride
Compressive Strength Strenath Scaling Resistance ; Penetration
-~ ~ — -~ - a; PG

Specimens 10 -in (260 mm) diameter x 4 -in (100

mm) heightspecialcylinders

No. of Cycles 50 cycles of freezing at thawing =
freezingat -18 °C(0 °F)for 16 hoursandthawingat 4 Eﬁ? 1:
°C (40 °F) for 8 hours The deicing solution was ik

replacedat the end of every5th cycle

2 -in (50 mm) high dikeswere createdand 0.5 -in (2 &
cm) depth of CaQ deicing solution added to the

concretesurface

of test specimen

dXV1g b\V\UOclhRdXVbY~hl \RTV1IW_ b1

Power washm

Diked specimen ponded with chloride solutic
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The chloride ion penetration test is a
critical assessmentmethod used to
evaluate the durability of concrete,
especiallyin environmentsexposedto
de-icing salts, seawater, or industrial

chemicals

covering aikes to avola evaporauorn

dXV1ig b\ UuUuclhRdXVbY*"h1l \RTV1IW bl
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Extraction of concrete cores from the field
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: Splitting Tensile : : Depth of Chloride : : Resistivity &
Compressive Strength Strenath Scaling Resistance Penetration > Water Absorption Formation Factor

Cutting cores to dimensio

S

ASTMCL585-20:

StandardTestMethod for Measurement
of Rateof Water Absorptionby Hydraulic
CementConcretes

dXV1ig b\ UGCc1lhRAXVDYAhRIL \ RTYT®

Evaluation of the rate of water absorption of test specimen
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U Methodology

U Results and Discussions
A Workability (Slump) and Air Content
A Strength Characteristics (Flexural, Tensile and Compressive Strength)
A Scaling Resistance
A Chloride ion penetration

A Rate of Water Absorption

-
A Resistivity and Formation factor
u Summary
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Slab Description

Reference 8.75 7.80 34.30
REF + Nanosilica IC 9.00 7.90 34.39
REF + Slag 8.50 7.60 34,53
. REF+5lag+ NanosilicalC_ _ _9.00 _ _ _ 7.80__ _ _3452 _ _
" , : REF + SAP 3.75 5.50 35.61 :
9 8 I REF + SAP + Slag 4,88 5.80 35.42 J'
N . T L st G A
o .
2 6 g
2 5 £
O §
E 4 to
T, 3 = Target Air Content (%) =68 >
2 : Target Slump (inches) =37
1 1
1] 1]

REF REF + Manosilica REF + Slag REF + Slag + REF+ SAP  REF + Slag + SAP
IC Manosilica IC

Mix Description

(aci ®
dXV1ig b\ UUGC1ARAdXVbY "h1 \RTV1IW b1lR C(ﬁdc\:lcl)il\lilquIE)Tﬁ

CHIBUEZE SYLVESTER AJUONUMA cajuonum@purdue.edu 4] 02/ 25



mailto:cajuonum@purdue.edu

_ Flexural Strength N Sensor Analvsis Remarks Future Work

REE + SAP £ REF + Slag +SAl

Air Content(%) = 7.80 Air Content(%9 =5.50 Air Content(%9 =5.80
Slump(inches)y8.75 Slump(inches)y3.75

JIS—
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Workability & Alr Compressive Thermocouple
y Flexural Strength P ple Remarks Future Work
Content Strength Sensor Analysis 1
Field Acceptance Properties:
) ) Slab No. Description w/b Flexural Strength
.. . ) at 4 Days
Minimum water/cementitious ratio .........cocevveeeeennenn. 0.3208
Maximum water/cementitious ratio........cccvueee. ..0.4508 psi MPa
Slump, formed... e .2 to 6 in.
o SIunp SHPOIMIEd o o oo L2500 RO 6 REF 044 51513 355
Aur Content .. . 3.0% to 8.0% .
I A :
I Minimum mﬂdulus f:-frupture ETD psiat 7 days® . / REF+ Nanosilica IC 0.44 224.96 3.62
o Relative Yield........... :";“:‘"'_‘“':":":““_‘":";ﬂ‘igE Loz _ 8 REF + Slag 0.44 45491 2.13
A The target cement content during production shall not be 9 REF+ Slag+ Nanosilica IC 0.44 411.70 284
adjusted from the value stated on the CMDP. e e e e e e e e e e e e e e e e e e = === -
A Flexuraktrengthat 4 days,~412¢551psi. 1 10 REF+ SAP 0.44 550.63 379 |
B The water cementitious ratio during production shall not A Achievedthe minimum speC|f|ed standard | |
deviate more than 0.020 from the target stated in the 11 REF+ SAP+ Slag 0.44 530.33 3.65 |

at 7 daysby 3 daysearlier 1

CMDP and shall not fall outside the limits above.

Y Beams shall be standard cured in a water tank in
accordance with AASHTO T 23 and 503.01(a). The water
does not need to be saturated with calcium hydroxide.
Minimum flexural strength for opening to traffic shall be
in accordance with 506.12. — :

f StructuralConcrete
i/ A Minimum modulusof rupture at 7 days=570psi.

| ConcretePatches
A Minimum modulusof rupture at 3 days=550psi.

Flexural strength (psi)

REF REF+ Nanosilica IC REF+5Slag REF+ Slag+ REF+ SAP REF+ SAP+ Slag
Manosilica IC

Mix Description

dXV1g b\ UlOclhRdXVbY~™*h1l"

INDOT. (2024). 2024 Standard Specifications. Retrieved Mo@T website
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https://www.in.gov/dot/div/contracts/standards/book/sep23/sep.htm

Splitting Tensile . . Depth of Chloride Resistivity &
Strength Scaling Resistance Penetration Water Absorption Formation Factor

Compressive strength for cast samples with age Compressive strength for cored samples with age
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