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Typical RC Beam

18" ———> Surface Area Ratio (SAR)

3D Printed Concrete Filament

P N Exposed Surface Area
¥ SAR = —P /
Volume
% Exposed Perimeter Length
SAR = ,
17 Cross Sectional Area
36" < -
18+36+36+18
SARbeam - 18736 =0167
14141
SARSDPC = —1*1 = 3

A 3D printed concrete filament is 18 times more
exposed!!




What Drives Shrinkage A | TEXAS ASM

* Chemical: cement reaction products smaller than
reactants

* Autogenous: water loss due to formation of solid cement
reaction products, drying pores and resulting in capillary
suction

« External: water loss to the environment and resulting
capillary suction
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« Super Absorbent Polymers (SAP) are covalently cross-
linked flexible polymers

* Absorb up to 1000x their mass in Water
« Effective solution at preventing autogenous and drying
shrinkage’

* Promising for preventing plastic shrinkage and related
problems?:34

Erk, et al., FHWA/IN/JTRP-2022/04 Report, 2022
Boshoff et al, 2020

Van Der Putten et al, 2022

Molech et al, 2022
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Name Cement (g) Nano-Clay (g) Water (g) SAP (g) + Water (g)
Ref 400 1 120 0 0
SAP CS* 400 1 120 1 20
0.3 SAP CS NW 400 1 120 0.3 0
0.5 SAP CS NW 400 1 120 0.5 0
0.3 SAP CS HW 400 1 120 0.3 10
0.5 SAP CS HW 400 1 120 0.5 10
0.3SAPCS W 400 1 120 0.3 20
0.5SAPCS W 400 1 120 0.5 20
SAP CS HW 400 1 120 1 10

*SNF Floset 127 CS
Crosslinked polyacrylamide (30% anionic)
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1. Modest improvement in terms of Longitudinal Strain
2. Modest max rate reduction
3. Generally sped up time to peak rate

1. Quantify reaction rate

2. Relationship between free-shrinkage and cracking
3. Different SAP and mix proportions

20
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Flux vs. Strain

TEXAS A&M

USNSL VKSR S LT Y.

T

%1072 %107
® SAP CS ® SAP CS
® Ref ® Ref
6.5 7| ® 0.55AP CS NW o 6.5 | ® 0.5SAP CS NW
® 0.3SAP CS NW A ® 0.3SAP CS NW
0.5 SAP CS HW 0.5 SAP CS HW
A 0.3 SAP CS HW A 0.3 SAP CS HW .
A 0.55APCS W L A 0.5SAPCSW
6| AD3SAPCSW ° 6| A03SAPCSW
A SAP CS HW A SAP CS HW
s
A £ A
855 . 8 55|
E > PY A B .
< A %
ie] ° X
g A & p A
n 5 &
A e
5 [ g 5 L .
© * A
® A
L
L A
® A A A L ]
45 e 45+
®
™
4F 4
| | | | | | | | | | | | | | | | | | | | | |
0.009 00095 0.01 0.0105 0011 00115 0.012 0.0125 0013 0.0135 0.014 0.009 0.0095 0.01 0.0105 0.011 0.0115 0.012 0.0125 0.013 0.0135 0.014

environmental flux (g/cmzlhr) average environmental flux (g/cmE/hr)
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