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In Japan, high-level radioactive waste repository will be constructed in a stable host rock formation more than 300m underground.
Tunnel support is used for safety during the construction and operation, so, shotcrete and concrete lining are used as the tunnel
support. Concrete is a composite material comprised of aggregate, cement, water and various additives. Low alkaline cement has
been developed for the long term stability of the barrier systems whose performance could be negatively affected by highly alkaline
conditions arising due to cement used in a repository. Japan Atomic Energy Agency (JAEA) has developed the low alkaline cement,
named as HFSC (Highly fly-ash contained silicafume cement), containing over 60wt% of silicafume (SF) and Fly-ash (FA).

JAEA is presently constructing the underground research laboratory (URL) at Horonobe for research and development in the
geosciences and repository engineering technology.

HFSC was used experimentally as the shotcrete material in construction of part of the 350m deep gallery in the Horonobe URL in
2013.

The objective of this experiment was to assess the performance of HFSC shotcrete in terms of mechanics, workability, durability,
and so on. HFSC used in this experiment is composed of 40wt% OPC (Ordinary Portland Cement), 20wt% SF, and 40wt% FA. This
composition was determined based on mechanical testing of various mixes of the above components. Because of the low OPC
content, the strength of HFSC tends to be lower than that of OPC in normal concrete. The total length of tunnel constructed using
HFSC shotcrete is about 112m at 350m deep drift. The workability of HFSC shotcrete was confirmed by this experimental
construction. In this report, we present detailed results of the in-situ construction test.
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Table 1 Requirements for concrete support [2]
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IS E Y, A KPR CTHET AL U MERT
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Fig.1 Layout of the Horonobe URL
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Fig.2 Layout of the drift used HFSC shotcrete at the 350m
gallery
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Fig.3 Typical cross section of the test gallery
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Table 2 Material used to make HFSC
Material Spec
OPC Density=3.16 Mg/m®
Silicafume Microsilica 940, Density=2.20 Mg/m®
Fly-ash* JIS-11 grade, Density=2.20 Mg/m®
Sand* F.M.=2.78, Density=2.66 Mg/m®
Aggregate* Diameter;5-13 mm, Density=2.66 Mg/m?
Water Reducing SP8SV (Polycarboxylic Acid Based)
Agent*
Set Accelerating  Natmic Type-10, 10% of Binder
Agent* (Calcium Sulphoaluminate Based)
Fibert Barchip M-K, Density=0.91 Mg/m®

(Polypropylene Based)

*: Local Procurement Material
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Fig. 4 Construction of the gallery used HFSC shotcrete

Table 3 Mixed proportion of HFSC shotcrete using for 350m drift of the Horonobe URL

Water-Binder Sand

Unit weight (kg/m°)

Tvoe of cement Ratio Ratio Water Binder Fine Coarse Super Plasticizer
yp W/B sla W Aggregate Aggregate (SP8SV)
(%) (%) OPC___ SF FA S G Ad
HFSC 30.0 59.7 150 200 100 200 974 655 3.25(0.65%)
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HFSC Dfii THEIZ >\ T, IRAIRECIRENKEIX OPC <
BB & [Al Ua5%k (455 ’C“Iﬂ%&aﬂﬂﬁéi’tt. Fiz, HER
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Table 5 Workability of HFSC shotcrete compared with that
of OPC and BB shotcrete

Evaluation(point)

DENRLNLZ LMD, BBRETOIEL S OMHN ey 140m 250m OPC BB
ThHEVNT . 350m 010] [1] (140m) (250m)
. o ' 9,10 11
BILEX Y, HFSC RESI0 /Sy F v —7F 2 hTHpi 0] (]
ERREE B2 6N D. Mixing state 4 4 4 4 4
% Puls_ed condition 4 4 4 4 4
of pipes
° Drips from nozzle 4 3 4 4 4
® ] Quick-setting 4 4 4 3 4
% Em—— state
[ —
s s —e Dust 4 4 4 3 3
2 30 HFSC?KEE% EHRE
i ¥ - HFSC-FE @B (MR Y)
QHJE 1Py HFSC. T B4 b Adherent state 4 4 3 3 3
20 74 *-HFSC-5XBR 1184
10 xu&”T x‘ ‘ 3.3 TRREH
09 7 28 56 o REE 350m PEEARTLE D E LA b, EHIRICNZEZENL
MR D% S LR Fig. 6 1R, IR T No.6
Fig.5 Uni-axial compressive strength with time TOHERIARE SO OB BB TH 570, HIEXHIZ
Lo THGERRMG ORI T E T TV D, fEmid, HWE
Table 4 Criteria for visual judgement of workability of HFSC shotcrete
Score of visual judgement
Item 5 4 3 2 1
(Good) (Normal) (Bad)
Mixing state J A b END a7 U — b L AKRIORGIREDN B HIET 5.

Pulsed condition of pipes

~7 U TR —ADNREN, HITILORIL S KW 5.

Drips from nozzle

J XV OISR HEENG J a BSEH HIRRED BT 5.

B CAREY N
Quick-setting state BEE (AR ORISR

AT ZOME TR 5. REH T
O L tﬁ&“@%ﬁ%ﬂfl Lﬁ—w

3, MHT=TICL 2 FHiar 7 U—1

Dust BT ADSLYE KT 5. @HEOTX (OPC £7212 BB) & HFSC OAHx By L CHIMT3 5.
Adherent state YNGR 2h Fﬂﬁx? CED WS R, WATERRE OV S 2 ST An 7 M5 RIE 2 1w

T 5. 2L, RSO

IXEER.
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Table 6 Dust concentration and rate of rebound of HFSC
shotcrete compared with those of OPC and BB

shotcrete
OPC__ BB
Item 3som  LA0M 250m - pu00 (250m)
noy oy S G

Dust concentration
porkc 7 6 11 16 19
Rate of rebound 213 225 244 378 275

(%)
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BlE L2 L A/RLTWA. Fig. 7 IZHIEX R, HFSC fiti T
HPH IS X ONHER R OBl GRiH &~ T
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DIEFEVE, HUEIEHTHE OIEHITE T H> 5 S SHE O H
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1% (Fig. 6 DAR M TR LI XH]) .
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g.6 Chronological change of convergence at the West

Connecting Gallery
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Fig.7 Measurement line of convergence at the West
Connecting Gallery
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