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ABSTRACT

Recently, the frequency of damage to slopes for highways, railways, and complexes has been increasing according to abnormal
climates such as heavy rainfall or snowfall. Rapid Hardening Composite Mat (RHCM) could be a satisfactory alternative
because it has the advantages that large-scale earthwork is not essential and the period for restoration is minimized. Also,
this method does not require heavy machines and a phase of maintenance for slopes against the shotcrete method or planted
slope protection, which are representative slope protection methods. Furthermore, the curing time is shorter than Geosynthetic
Concrete Composite Mat (GCCM). Therefore, RHCM could be useful for emergency restoration work. Thus, in this study,
the strength and duration of RHCM are estimated, compared, and analyzed with GCCM. As a result of the laboratory test,
the strength of RHCM is greater 51%, and the duration is larger 69% than GCCM.
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(a) Application of railway lining

(b) Application of railway slopes

Fig. 1. Field application of concrete canvas (Shibi, 2017)
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2.2 RHCM(Rapid Hardening Composite Mat)
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(b) Cross section of the RHCM

Fig. 2. Structure and cross section RHCM

Table 1. Features of RHCM (Kang, 2021)

Advantage Content
Economics Maintenance cost is reduced due to good ability to suppress vegetation ability
Strength 6 hours 35 MPa or more
Constructability Compared to other methods, large—scale equipment is not required
Safety The penetration of rainwater can be minimized by constructing a semi—permanent drainage channel

(a) Loss of slope (b) Installation of guide (c) RHCM setting

Fig. 3. RHCM construction sequence (Kang, 2021)



(d) Fixing and drainage installation

(e) Watering and curing

(f) Lightweight filler injection

Fig. 3. RHCM construction sequence (Kang, 2021) (continued)

Table 2. Details of testing specimenst

Type Standards Specimen dimension Curing time
Unconfined compressive KS L 5105 50 mm X 50 mm X 50 mm | 1d 3d 7d 28d
strength
3—point bending strength ASTM D 8058 40 mm X 160 mm 1d 3d 7d 28d
KS K o743 | Non—woven 101.6 mm X 2032 mm -
fabric

Tensile strength

Woven fabric |200mm X 370mm ) 270 mm X -

KS K 1SO 10319

RHCM 370 mm ihr | 20 | anr [12ne[2ne] 3d | 70 | 284

Cremical BS EN 14414 40 mm X 160 mm 10d

resistance test

Freezing—heating test BS EN 12467 40 mm X 160 mm 10d

Abrasion resistance test ASTM C 1353 Diameter 100 mm ehr
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(b) Test machine view

(a) Inside of test machine

(c) Unconfined compressive strength jig (d) 3—point bending strength jig (e) Tensile strength jig

Fig. 4. Universal testing machine and test jig

(b) Strength measurement

(a) Dry curing
Fig. 5. Unconfined compressive strength

Table 3. Result of unconfined compressive strength

GCCM RHCM
Type Unconfined compressive strength Unconfined compressive strength Average unconfined compressive strength
(MPa) (MPa) (MPa)
‘ 49
curing |y 40 50 50
time
50
2TE0 HCHEH HSE 25 24 SRIES 2 H U7d 4" 83



Table 3. Result of unconfined compressive strength (continued)

GCCM

RHCM

Type Unconfined compressive strength Unconfined compressive strength Average unconfined compressive strength

(MPa)

(MPa) (MPa)

50

3d 54

51 51

52

50

Curing

) 7d 60
time

52 52

54

53

28d 75

55 54

56

=l
=

=2}
=

o
=

Strength(MPa)

'L 1 1 1 | 1
0 10 20 30

Curing time(day)

Fig. 6. Unconfined compressive strength curves

(a) Rapid hardening composite mat specimen

(b) Specimen after testing

Fig. 7. 3—point bending strength test
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Table 4. Result of 3—point bending strength test

GCCM RHCM
Tyee 3—point bending strength (MPa) 3—point bending strength (MPa) Average 3—point bending strength (MPa)

2.20

1d 4.00 2.26 2.25
2.29
2.81

3d 7.00 2.85 2.86
Curing 2.89
time 384

7d 7.63 3.85 3.86
3.88
6.47

28d 7N 6.48 6.50
6.55

=
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73]

&—5—6 RHCM

E—=—8 GCCM

1 1 | 1

0 10 20 30
Curing time(day)

Bending strength(MPa)

Fig. 8. 3—point bending strength curves
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Table 5. Case type of tensile strength test

Type Test methods Case
Non—woven fabric KS K 0743 -
Woven fabric KS K ISO 10319 -
1hr
2hr
4hr
RHCM KS K ISO 10319 il
24hr
3d
7d
28d
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(c) RHCM specimen

Table 6. Result of tensile strength test

(d) Spraying water on the sp
Fig. 9. Tensile strength test

(e) Tensile strength meas

I h

urement

Type Tensile strength Average tensile strength Strain Average strain

(kN/m) (kN/m) (%) (%)
9.55 38.64

Non—woven fabric 9.53 9.54 38.05 38.43
9.54 38.60
30.32 20.28

Woven fabric 30.79 30.6 20.64 20.45
30.61 20,42
30.53 24.89

hr 30.51 30.51 2488 24.89
30.50 24.89
31.25 24,43

2hr 31,04 31,20 23.36 2443
31.30 25.49
31.30 2515

RHCM 4hr 31,31 31.32 25,16 2517
31.35 25.20
31,40 2538

12hr 314 314 25.41 25.43
31.43 25.50
31.50 2581

24hr 31,53 31.52 25,94 2588
31.53 25.89
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Table 7. Result of tensile strength RHCM and GCCM

GCCM RHCM
Tye Tensile strength (kN/m) Tensile strength (KN/m) Average tensile strength (KN/m)

316

3d 211 31.8 31.9
323
319

Curing time 7d 219 320 321
325
323

28d 26.6 325 325
327
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Fig. 10. Result of tensile strength curve
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(a) Chemical solution (b) Immersion of the specimen (c) 3—point bending strength test

Fig. 11. Chemical resistance test

Table 8. Result of chemical resistance test

Type 3—point bending strength (MPa) Average 3—point bending strength (MPa)
6.5
RHCM
(Curing time 10d) 6.5 6.5
6.6
6.0
Immersion of the specimen Na,SO, 4% 61 61
(Curing time 10d + Immersion 28d) : )
6.1
6.0
Immersion of the specimen MgSO, 10% 61 61
(Curing time 10d + Immersion 28d) : )
6.2

3.7 $2-8% XM¥YAIH(BS EN 12467)
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Table 9. Result of freezing—heating test

(c) Freezing of specimen

(d) 3—point bending strength test

Fig. 12. Freezing—heating test (continued)

3—point bending strength (MPa)
Type - - . - Decrease rate (%)
Freezing—heating before Freezing—heating after
GCCM 4 34 15
Case Average Case Average
6.3 6.0
RHCM 46
6.6 6.5 6.2 6.2
6.6 6.3
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(b) Abrasion resistance measurement

Fig. 13. Abrasion resistance test
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Table 10. Abrasion resistance test

Weight (mgf)
Type - : : : Decrease rate (%)
Abrasion resistance before Abrasion resistance after
GCCM 11,700 9,450 19.2
Case Average Case Average
56,852 56,010
RHCM 1.7
56,980 56,986 56,023 56,025
56,999 56,043
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