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Extended Abstract

The advancement of 3D printin@DP) technology in construction has bebmited by the
overreliance on conventional Portland cement and the absence palmenforcementThis is
particularly evidentin certain structures where large amounts of raw materials need to be sourced
from far-off locations. This research aims to overcome these challengésvbiopingan ecc
friendly and printableltra-high-performance concrete (UHPC) that can achieve $tigimgth and
toughness by utilizing locally availabteaterial such as fly asi{FA), slag cemen(SC), silica
fume(SF), and conventional concrete sand. To achieve this, dogtefepapproactwas employed

to selectindigenous materials angptimize fiber volumefor the UHPCink materialat cement
paste,mortar, and fibereinforced mortarscales The optimized binder combinations were
identified through the spredbtbw test at the paste level and furtmarrowed dowrbased on the

radar chart approach at the mortar leVéis study involvednvestigations on the kgyroperties

such as superplasticiz€P)demandplastic viscosityforced bleedingfinal setting timeand3-

d compressive strengtivere determined The 6-mm steelfiber was then incorporated into the
mortar made with the selected binder combination, and the key fresh and hardened properties were
evaluatedFinally, the printability of the resulting neproprietary UHPC mixture was validated
through an extrusionbased 3D primr. Developing a print material with high strength and
toughness cammprovethe costeffectiveness of 3Rin construction anéxtend 3DRechnology

to remote, isolated, and expeditionary environments.

In thefirst step,the flow characteristics of paste mixtures made witd various SCMs and
their combination wereystematicallyevaluated, as shown iRigure 1. The minimum water
content (MWC) refers to theequired water for thenset of flow which is closely related to the
packng density ofthe powderparticles The relative water demand (RWD) indicates the
sensitivity of flow regarding wateaddition. Thus,a pastemade with a givetinderhavinglow
MWC andhigh RWD can be considered a desirable binflee FA replacement decreased the
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MWC and RWDsimultaneously, which decreased gradually as their replacement rates increased
While for paste mixtures made with Stbeir MWC and RWD also showed a decrease with
increasing substitution rates; however, lowstitution ratessuch aghe SC30and SC40binder
exhibitedhigherMWC. On the other hand, the use of SF resultesignificantincrease in MWC

and RWDas the substitution rate increaskadhould be noted that the main index used in selecting
the desired binder cdmmations is a low MW(i.e., low SP denrad and lower viscosithat can
resultin better extrudabilityThus, SC30 and SC40 mixtures with higher MWC were eliminated.
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Figure 1. Systematic investigation okffect of SCMs/filler on MWC and RWD

In the second stefhe radar chart approach was adopted to narrow down the optimized binder
candidates using key fresh and hardened properties, namely SP demand, final settiogcéce,
bleeding capacity, plastic viscosity, andl @ompressive strength. Tkelected test methods are
closely related to the 3®performanceThe FAC30, FAC40, SC50-AC30SF10, FAC40SF20,
FAC50SF20, and SC50SF20 mixtures were chdsesed on the radar chart, as illustrated in
Figure 2. These nortar mixturesare considered desiratfier 3D printing.The FAC30, FACA40,
and FAC30SF10 mixtures showed higher radarsarempared with theeferencamixture made
with only Type Il cementind can beonsidereds candidatenixturesfor further evaluation

Figure 2. Radar chart diagram and plotted radar area of UHPC mortars
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