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Abstract

The development of a rapidly hardening seal material applicable to steel pipe
multistage grouting is described in this paper. In the multistage technique, seal
materials are inserted to prevent the backflow of main grouting material. The
grouting material must be inserted only after sufficient time has passed for the seal
material to reach a gel state. Otherwise, the fluid seal material mixes with the main
grouting material and a backflow of the grouting material occurs, thereby making
its in situ insertion difficult. Furthermore, if the seal material remains in the gel
state for too long a time, it solidifies; and the main grouting material will not be
able to seep into the soil. The gel time, i.e., the time needed for the fluid seal
material to turn into a gel state, determines the construction period of steel pipe
multistage grouting. The gel time is one of the important factors in this technique,
because it impacts the total tunnel construction period significantly. This study
develops a rapidly hardening calcium aluminate material, which can reduce the
gel time and shorten the construction period while retaining proper sealing
function. It also presents a method to determine whether the seal material has
reached the gel state as well as the quality standard and bleeding rate testing
method for the seal material in the gel state.
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Table 1. Comparison of sealing material test cases (Ahn, 2018)

Kinds Case 1 Case 2 Case 3 Case 4
. o . . A t of
Test method Penestration value | Uniaxial compressive strength Mold shrinkage .. r.noun N .
injection material
Management After 7 days: 100 kg/cm?
standard After 28 days: 210 kg/cm®
Curing time 24 hr - - 12 hr
Bentonite quality Suggest
standard (swelling value)
Quickly hardening
. Appl Appl - -

admixture PRy PPy
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Table 2. Example of compounding ratio (Korea Rail Network Authority, 2018b)

Water (L) Cement (kg) Bentonite (kg) Remark
910 200 62.5 Per 100 L
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Fig. 3. Separation of materials in sealing materials (Korea Rail Network Authority, 2018a)
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Table 3. Binding table of sealing material

Kinds Water (L) Cement (kg) | Bentonite (kg) | New seal Remarks
New sealing Type #1 (W/C = 100%) 715 - - 715
New sealing Type #2 (W/C = 150%) 787.5 - - 525
. Per 100 L
New sealing Type #3 (W/C =200%) 830 - - 415
Normal sealing material 910 200 62.5 -

Table 4. Test items of sealing material

Kinds Standard Remarks
Check for bleeding Not occurred Within 5%
Gelation time Gelled state visually observed when tilted 90 ° -

. . The maximum penetration amount is 10 mm or less
Vicat needle penestration . . -
(Korea Railway Authority Standard)

Table 5. Chemical composition and physical properties of New sealing Type

Chemical composition Physical properties

Kinds Deg. Densi
$i0y | ALOs | Fes0s | CaO | MgO | KsO | NasO | SO, | Total |D¢% POWder|  Density
(em’/g) (g/em’)

Cement 22.5 4.6 3.5 63.7 1.6 0.2 0.2 2.1 98.4 3,400 3.14
Bentonite 64.5 14.8 3.7 2.1 2.0 0.8 3.8 0.1 91.8 1,900 2.61
New seal 31.1 8.7 2.6 49.6 2.6 0.3 1.6 2.0 98.5 3,100 3.01
4.1 Aol Gelation) & =2 ERIAIH
A7 9] Azt E et Bujy of B2 2R1617] fsf] vieH] ol Wit S Fig. 63} o] 527 wHlsto] A8 &
o] g2 3 Al el Balr] o 55 SRIsI31 1! Fig. 71 Fig. 801l A|@ 23S Uehillth 89 o7 54
224471 o] TET Aol
b A= kS thE 2Tk Wyt 9 305 ool S5 A] AEfQ] At AAHIR Fl= S SR1e 4= QL
St ghA, dut A7 o] H-e-of = oF 10A]71o] A[UAoF S5 0] AFAlsh= Ast AJEf7} E|$leH, o] H-2-ofe
7| A A} s LsHA Eelg o] EAYE| It
T3 S ofFof et S $15l Wyt ulet 9 24417 o] 2ubal TS A A2 Ve A= 29
o] o] Eafolx] eior ot At Agzji o] 7 Eed-80] 34% Y = HAY E= A8 & 4= IRt o2’ d4F
2 4371 3.1 71& A=A o] EA| A LeRH 7] AlF(Fig. 3; Korea Rail Network Authority, 2018a)7} 5
ot Aol

310 Journal of Korean Tunnelling and Underground Space Association



Development of rapidly hardening seal material applicable to steel pipe multistage grouting

(@) New sealing Type#1 (b) New sealing Type#2  (c) New sealing Type#3  (d) Normal seal material

Fig. 6. Sealing materials mixing

(a) New sealing Type#1 (b) New sealing Type#2  (c) New sealing Type#3 (d) Normal seal material
(within 30 minutes) (within 30 minutes) (within 30 minutes) (after 10 hours)

Fig. 7. Gelled state visually observed when tilted 90°
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Fig. 8. Bleeding observation result
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Table 6. Test Result of Vicat needle penestration

Elapsed time after mixing| New sealing Type #1 | New sealing Type #2 | New sealing Type #3 | Normal sealing material
30 min Gelled Gelled Gelled No Gelled

1 hours 50 mm or more 50 mm or more 50 mm or more 50 mm or more

5 hours 30 mm 45 mm 50 mm or more 50 mm or more

10 hours 19 mm 28 mm 37 mm 50 mm or more (Gelled)
15 hours 4 mm 21 mm 31 mm 50 mm or more

20 hours 1 mm 12 mm 23 mm 43 mm

25 hours 1 mm 10 mm 16 mm 35 mm

30 hours 0 mm 8 mm 10 mm 30 mm

35 hours End of measurement 8 mm 7 mm 24 mm

40 hours - 6 mm 6 mm 17 mm

45 hours - 3 mm 4 mm 9 mm

55 hours - 2 mm 3 mm 6 mm

65 hours - 1 mm 1 mm 3 mm

75 hours - End of measurement | End of measurement 1 mm

Vicat needle penestration over time
50 ZYYYYYYYYYYYWWYYWYYY A - -

% X -O-New Type #1

40 G% —O—-New Type #2

A%!‘ -O-New Type #3

30 PAAYALL —A—Normal Seal Material
20 Q&O Kb

29hr 44hr
10 -

E.||||||||||||||;||||||||||||| ..||||V|V|VEA

Penestration(mm)

0
10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0
i Elapsed time after mixing(hr)
(a) Test of Vicat needle penestraion (b) The results of the penestraion of vicat needle
(W/C = 150%, Elapsed time 23 hrs ) by elapsed time after mixing

Fig. 9. Test of Vicat needle penestration and results
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Table 7. Test Cases

Kinds Contents Remarks
Case 1 New sealing materials Type#1 with Vicat needle penestration 10 mm or less W/C=100%
Case 2 New sealing materials Type#1 in gelled after 1 hour with injection W/C=150%
Case 3 Without sealing materials -

K

FAREEEE 2 (WH7E) D =490 mm, 0] h =500 mm, 57 t= 10 mm 2] &5 ZEAS ARSSHIC.
RS FAFSTANDO.7~1.4 mm) S AFES10] BE ol RETHINHE-S ARgsto] ZAdaigln mafut
O ELARRE 1.21 x 1072 em/secO |t} FUAEE 917 FU-2 2 0l(1) =300 mm, 27(d) = 15 mm, F7(t)
3mm] PEF PVCHOZA 27 d =5 mm] F4+7+25 mm Theh-90° 3014 2714 A= gl 0w 4l
o] HQ o} AEAI2 Fig. 107} £t

ofll

Injection hole (@5mm) Injection hole (@5mm)
— N
=) o
[Ip] .
°
L Te]
3 a 3 Qv
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Yy i B
Injection tube A Injection tube B

Fig. 10. Injection tube design overview and real picture
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(d) Sand compaction (e) Injection of sealing materials (f) Injection of Grout materials

Fig. 11. Model test sequence for sealing materials
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Fig. 13. Test result of Case 2: Grout size: Long axis: 43.5 cm, Short axis: 21.75 cm, Width: 17 cm
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Fig. 15. Test result of material separation and viscosity (Korea Railroad Research Institute, 2018)
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