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The decline in the number of workers in the con-
struction industry is a severe problem in Japan. 
Formwork is indispensable for concrete structures, 

but due to the shortage of carpenters, formwork assem-
bly tends to be slow and can cause project delays. To 
deal with this problem, new workers are being hired and 
formwork carpenters are being trained, but the payoff is 
not immediate because the acquisition of the required 
skills takes several years of education and experience. 
The “formless construction method” that eschews 
formwork, might be a possible solution (Fig. 1), substi-
tuting an outer shell formed with sprayed mortar. The 
reinforced concrete structure is then created by placing 
reinforcing bar and casting self-compacting concrete 
(SCC) inside the outer shell. 

In this approach, the lateral pressure of the fresh con-
crete stresses the outer shell during concrete casting, so 
the shell must have high tensile strength. Since Japan is 
an earthquake-prone country, structures are required to 
have strong deformation performance and must resist 
the large bending and compressive stresses generat-
ed during earthquakes. Furthermore, to reduce the life 
cycle cost of the structure and increase its sustainability, 
both high durability and maintenance-free design of the 
structure are required. Thus, the outer shell must have 
a high resistance to chloride ion penetration and other 
aggressive exposures.

To satisfy the performance requirements, we decided 
to use Ultra High Strength Fiber Reinforced Concrete 
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Fig. 1: Concept of formless construction method

(UHPFRC) as the sprayed material. UHPFRC is a high-
strength and high-ductility material with compressive 
strength of 22,000 to 36,000 lb/in2 (150 to 250 MPa) 
and tensile strength not lower than 1200 lb/in2 (8 MPa). 
It is also characterized by a highly dense concrete matrix 
with very low water and air permeability and thus high 
chloride resistance. In Japan, UHPFRC has been used 
mainly for factory produced precast products. Recently, 
with the advent of mass manufacturing of precast mem-
bers with large sections, the application of UHPFRC  
to civil engineering structures has been increasing. The 
largest such project to date is the application of UHP-
FRC for the floor slabs of Runway D at Tokyo Interna-
tional Airport with a UHPFRC volume of approx. 26,000 
yd3 (20,000 m3).

Thus far, UHPFR has rarely been used with sprayed 
placement, and forming the outer shell of a structure 
with sprayed UHPFRC is a novel challenge. This article 
outlines the experimental method developed and used 
to form the outer shell of a structure with sprayed  
UHPFRC.

We focused on columns as the target structure. This 
formless construction method requires a core material 
that is easy to install and remove. Air tubes were adopt-
ed as the core material. Figure 2 shows the installation 
of the air tubes. The thickness of the member was 16 x 
16 in. (400 × 400 mm), and the thickness of UHPFRC 
was 1.6 in. (40 mm). The height of the columns was 59 
in. (1500 mm).

In this experiment, a mortar pump (squeeze type), 
maximum discharge rate 8 yd3/hr (100 L/min) and a 
delivery hose with a diameter of 2 in. (55 mm) were used. 

Fig. 2: Installation of air tubes
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The diameter of the tip nozzle was 
0.6 in. (15 mm). The sprayed mate-
rial was required to stick on vertical 
surfaces without sagging. To this 
end, a non-alkali hardening acceler-
ator was added at the nozzle.

Figure 3 shows the spraying of 
UHPFRC. The material adhered to 
the vertical surfaces of the air tubes 
without sagging, and coverage of 
the sprayed material to the required 
thickness and height of 5 ft (1.5 m) 
was achieved without problem.

Figure 4 shows the removal of 
the air tubes that was easily accom-
plished.

As the next steps, reinforcing 
bars will be set and SCC will be 
cast inside the outer shell. The 
structural performance will be evalu-
ated by flexural strength testing.

Fig. 3: Spraying of UHPFRC on air tubes Fig. 4: Removal of the air tubes
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