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Stability Analysis of Upper Structures by Soil Grouting
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Abstract : Transportation and further expansion of social infrastructure was needed along the development of urbanization and population con-
centration. To use the underground space due to the lack of availability of land, it is inevitable to intersect between present structure and tunnel
during construction. Soil grouting is one of the ground improvement methods to reinforce weak soil around the underground structures by
injection of grouting liquid. Some of central columns of an upper structure are damaged during injection of grouting liquid by injection pres-
sure. To investigate and improve the stability of the tunnel, three dimensional analysis are performed with full construction stages which includes the
construction of present underpass, damaging columns of the underpass, reinforcing the columns by H-pile and shear walls, and excavation and
construct tunnel. The arrangement of grouting holes such as curtain and horizontal type affects largely to the stability of upper structure and
horizontal arrangement diminish the shear forces which is the cause of damage of central columns. The liquid injection type of reinforcement
for tunnel is not recommended while the presence of upper structure with columns. Wall type reinforcing is utilize for permant support of upper
structures which is affected by grouting injection pressure. H-pile is utilize for temporary support, but not for permanent since the sharing of shear

forces is not much to shear wall during tunnel construction.
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Fig. 1. Layout of the tunnel construction,
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F|g 2. Layout of the column remforcement

Table 1, Distribution of soil layers,

Layer Depth Description
- coarse-grained sand
Transported soil ~ GL -18.0M - include minor silty soil
’ - moderate density
- N : 20/30~50/26
- silty sand after collapse
Weathered soil G{“ _-115 g&/l - include rock fragment
: - moderate or coarse density
Soft rock GL -188M~ | - 81€
- moderate or severe weathered
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Table 2. Material properties of soil,

Properties Transported Tr?gsrg ded Wez;t)hilered rso(;flz Unit
Bulk modulus 50 375 200 5000 MPa
Unit weight 18 21 18 25 KN/m’
Cohesion 0 30 0 300 KPa
Friction angle 30 40 30 40 °
Table 3. Material properties of concrete,
Properties Size Unit
Design strength of concrete 28 MPa
Elastic modulus of concrete 23000 MPa
Strength of reinforced steel 400 MPa
Table 4. Properties of central column(initial column),
Division Size Unit
width 50 cm
Height 100 cm
Reinforcement 116.13(H22-10EA+H22-5EA) cm’
complrjggsrirllegeforce 13020 KN
shar T 8 KN
Table 5. Properties of central column(reinforced column),
Division Size Unit
width 50 cm
Height 300 cm
Reinforced Reinforcement 348.39(H22-30EA+H22-15EA) cm’
concrete Ultimate
column compressive force 39060 KN
i, S
Designation H300x305x15x15 -
Jack-up pile Allowablefoffgnpressive 25612 KN
Allowable shear force 1478.7 KN
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Fig. 3. Analysis model(section of repaired column layer),
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Table 6, Construction stages and applied loads,

Analysis Step Applied load

1. Initial Stage Initial ground

2. Construction Stage 1 Excavation and construct underpass

3. Save Residual Stage 1 Calculate residual force(underpass)

4. Load Stage 1 Load residual force(underpass)

5. Construction Stage 2 Refill(underpass)

6. Load Stage 2 Load refill force(underpass)

7. Construction Stage 3 Construct propulsion base

8. Save Residual Stage 3 |Calculate residual force(propulsion base)

9. Load Stage 3 Load residual force(propulsion base)

10. Construction Stage 4 Boring Ist grouting hole(curtain grouting)
11. Save Residual Stage 4 | Calculate residual force around grouting hole
12. Load Stage 4 Load residual force(Ist curtain grouting)

13. Construction Stage 5 Refill 1st grouting hole

14. Load Stage 5 Load Ist grouting pressure

15. Construction Stage 6 Boring 2nd grouting hole and refill

16. Load Stage 6 Load 2nd grouting pressure(curtain grouting)
17. Construction Stage 7 Change material properties of column by failure
18. Save Residual Stage 7 | Calculate residual force(existing columns)

19. Load Stage 7 Load residual force(existing columns)
20. Construction Stage 8 Install reinforcing pile
21. Load Stage 8 Load Jack up force(reinforcing pile)
22. Construction Stage 9 Install shear wall(repairing column)
23. Construction Stage 10 Boring 3rd grouting hole and refill
24. Load Stage 10 Load 3rd grouting pressure(horizontal grouting)
25. Construction Stage 11 Propulsion steel pipe and excavate tunnel
26. Save Residual Stage 11 |Calculate residual force
27. Load Stage 11 Load residual force
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Fig. 4. Distribution of vertical ground stresses on longitudinal sec—
tion along P12 section after construction(Max.: 0,024 MPa,
Min: —0.169 Mpa).

Fig. 5. Distribution of vertical ground stresses and shear force of
columns on transverse section along central columns after
construction,
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Table 7. Comparison of column shear force along construction

stages. (unit: KN)
Construction Stage Ultimate
Column | 15t + 2nd 3rd Excavate Complete shear
Grouting Grouting tunnel tunnel strength
Pl 3.1 2218 214 214 684
P2 64.8 48.8 50.7 50.4 684
P3 1333 152.9 154.5 153.8 684
P4 251.6 3374 336.5 335.7 684
P5 4134 598.8 591.1 589.1 2052
P6 616.3 945.4 935.8 9334 2052
P7 816.2 1320.4 1309.1 1306.3 2052
P8 922 1500.7 1491.3 1488.0 2052
P9 884.7 1381.9 13754 1372.1 2052
P10 688.3 1017.9 1015.2 1012.6 2052
P11 334.1 471.4 4733 4722 2052
P12 -127.8 -205.3 -198.5 -197.6 2052
P13 -691.6 -1016.7 -1005.6 -1003.1 2052
P14 -983.2 -1534.9 -1520.5 -1517.3 2052
P15 -1098.6 -1734.2 -1717.3 -1714.0 2052
P16 -979.3 -1487.9 -1472.7 -1469.8 2052
P17 -737.9 -1061.3 -1057.9 -1055.5 2052
P18 -495.8 -667.1 -673.4 -671.3 2052
P19 -303.4 -374.5 -378.4 -377.5 684
P20 -167.3 -180.8 -184.9 -184.2 684
P21 -80.4 -61.7 -64.9 -64.6 684
P22 -4.2 229 223 224 684
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Fig. 6. Shear force distribution on central columns,
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Table 9. Comparison of column shear force along construction

stages. (unit: KN) stages(in case of totally horizontal arrangment). (unit: KN)
Construction Stage Ultimate Construction Stage Ultimate
Column | gt + 2nd 3rd Excavate Complete axial Column | 15t + 2nd 3rd Groutin Excavate Complete shear
Grouting Grouting tunnel tunnel strength Grouting e tunnel tunnel strength
P1 -1223 -119.0 -115.7 -115.8 -13020 P1 =249 -44.7 -44.3 -44.3 684
P2 -169.5 -217.5 -214.7 22152 -13020 P2 -16.0 -28.8 -26.9 272 684
P3 -166.4 -220.0 -223.8 -224.0 -13020 P3 19.6 344 36.0 353 684
P4 -1533 -161.8 -170.1 -170.8 -13020 P4 85.8 153.5 152.6 151.8 684
P5 -1383 -1254 -1334 -134.1 -39060 PS5 185.4 332.6 3249 3229 2052
P6 -123.6 -68.6 -67.7 -68.3 -39060 P6 329.1 591.6 582.0 579.6 2052
P7 -127.8 -46.9 -48.7 -49.3 -39060 P7 504.2 907.3 896.0 893.2 2052
P8 -152.7 -202.3 -199.5 -200.0 -39060 P8 578.7 1041.3 1031.9 1028.6 2052
P9 -181.8 -349.8 -347.6 -347.6 -39060 P9 497.2 894.9 888.4 885.1 2052
P10 -215.9 -381.1 -377.4 -376.6 -39060 P10 329.6 593.4 590.7 588.1 2052
P11 -249.3 -409.9 -405.7 -404.1 -39060 P11 1373 2472 249.1 248.0 2052
P12 -275.8 -476.5 -470.0 -467.9 -39060 P12 =715 -1393 -13255 -131.6 2052
P13 -273.6 -510.8 -509.0 -507.9 -39060 P13 -325.1 -585.0 -573.9 -571.4 2052
P14 -216.8 -423.4 -418.9 -418.4 -39060 P14 -551.7 -992.9 -978.5 -975.3 2052
P15 -153.6 -149.1 -146.6 -146.8 -39060 P15 -635.6 -1143.8 -1126.9 -1123.6 2052
P16 -109.9 -1.7 -0.4 -0.7 -39060 P16 -508.6 9153 -900.1 -897.2 2052
P17 -110.4 -49.8 -68.3 -68.8 -39060 P17 -323.4 -581.7 -578.3 -575.9 2052
P18 -129.2 -1204 -113.4 -114.0 -39060 P18 -1713 -307.2 23135 3114 2052
P19 -151.5 -165.1 -168.5 -169.3 -13020 P19 -71.1 -126.9 -130.8 -129.9 684
P20 -165.4 22233 -219.1 -219.4 -13020 P20 -13.5 2235 -27.6 -26.9 684
P21 -168.3 -220.7 -222.9 -223.5 -13020 P21 18.7 33.8 30.6 30.9 684
P22 -1223 -116.0 -109.8 -116.2 -13020 P22 27.1 48.7 48.1 482 684
100 -400
0 —— Curtain+Horizontal
-600 1 Q O+ Horizontal+Horizontal
-100 A -800 -
z z
x X
g 200 1 T 1000 -
ks o
T %007 § -1200 -
< 2
-400 o @
——@——  1st+2nd grouting \ }é +1400 7
O 3rd grouting \&M/
-500 4| ——-w——— Excavate tunnel 1600 A
— D= Complete tunnel
-600 —T T T T T T T T T T T T T T T T T T T T T
ECTRPEPRo - nzooreagSy 1800 ' ' ' '
[ W« W'« Y WO o Y WY W o N IO WO« M« WY o 1st+2nd grouting 3rd grouting Excavate tunnel Complete tunnel

Column Number
Fig. 7. Axial force distribution on central columns,
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Fig. 8. Comparison of shear force by grouting types along cons—
truction stages(P15).
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Table 10. Comparison of column axial force along construction L9l M £ ol E o] Ao ) ZAgHTdHLe 7
stages(in case of totally horizontal arrangment). (unit: KN) 7} 23T 0] 251%3} 164%2A] 4= 12koEo] ATt
Column | 14t + 2nd ConSthﬁonEit;gveate Complete ngi?:‘?te f—j% o%lyi\_—ai-}‘i Ij]_ %‘-E_:;]’\ qujq(—)% e z’:‘ %l\gbl (jC)HTiZ-
Grouting 3rd Grouting tunnel tunnel strength —J—E—‘—J “_’]’ &2 AT 4= glow, ofof tigh BARS Ri=
P1 -114.7 -111.4 -108.1 -108.2 -13020 Al %‘&ﬁ o= _Y&E}%i ~ vo i = AL
P2 -166.0 2140 2112 2017 | -13020 HE?‘S—}EF'g' 83’_} Fig. 9¢f <fawl B /\]#ﬂx‘{ ° e
" 1716 2250 By 2292 | 13020 FtzEol vAls AleTAs ARkLeke-goll ot 9%
P4 -126.5 -134.9 -1432 -1439 -13020 of HiFERl AR HEphdt
Ps -105.1 92.1 -100.1 21008 | -39060 Table 11 % Table 12= 34 7|50 H7FE H-pile
P6 -63.0 279 7.0 -7.6 -39060 (Flg 2)9‘] l‘é]:ol— &%6}% /\] %%ﬁ]ﬂeﬂ ﬁ‘ﬂ'iﬁ E?% '—i‘v“?—i\ 9‘]
p7 371 49 0.1 415 -39060 HSS Holal Qlvk AT o] 7]= o 342 kN
PS8 11676 2172 2144 2149 | 39060 S8 5819 23%01H, 2-8520] A7|= o 1143
P9 -286.0 4541 4519 4519 | -39060 kKNO & 3|-852 9] 45%F Yt
P10 -283.2 -448.4 -444.7 -443.9 -39060
P11 -278.7 -439.3 -435.1 4335 -39060
P12 -318.8 -519.5 -513.0 -510.9 -39060 Table 11. Comparison of shear force along construction stages
P13 -355.1 -592.3 -590.5 -589.4 -39060 (H—pile/EA). (unit: KN)
P14 -324.6 -531.3 -526.8 -526.3 -39060 Construction Stage
) Allowable
P15 -113.6 -109.1 -106.6 -106.8 -39060 H-pile Jachup | 3rd Grouting Ei(ucr?::lte Cfﬂﬁﬁte shear force
P16 9.8 98.4 99.7 99.4 -39060
17 74 2 53 5s 39060 P5 0.0 345 33.7 335 1478.7
P18 -109.2 -100.4 -93.4 -94.0 -39060 Pé 0.0 286 277 274 14787
P19 -1315 -145.1 -148.5 -149.3 -13020 7 00 221 21 208 1478.7
P20 -175.8 2336 2294 2297 -13020 P8 00 149 141 138 1478.7
P21 -170.4 2228 -225.0 -225.6 -13020 L4 0.0 8.3 79 7.6 14787
P22 -111.7 -105.3 -99.1 -105.5 -13020 P10 00 30 29 27 1478.7
P11 0.0 -0.9 -0.6 0.7 1478.7
50 P12 0.0 3.9 33 32 1478.7
P13 0.0 7.6 6.7 6.5 1478.7
7500 —e— Curtain+Horizontal P14 0.0 -122 -11.2 -11.0 1478.7
O+ Horizontal+Horizontal
350 4 5 P15 0.0 -173 -162 -159 1478.7
_ P16 0.0 -30.0 -29.0 287 1478.7
g 07 P17 0.0 -34.2 -34.4 -34.2 14787
E -450
§ -500 Table 12, Comparison of axial force along construction stages
550 (H—pile/EA). (unit: KN)
Construction Stage Allowable
-600 1 Qi = H-pile . Excavate | Complete | compressive
Jach-up |3rd Grouting tunnel tunnel force
o0 1st+2ndlgrouting 3rd grlouting Excavate tunnel Compllete tunnel P5 -100.0 -109.9 -109.4 -109.5 2561.2
Fig. 9. Comparison of axial force by grouting types along con— P6 -100.0 -112.0 -113.1 -113.1 2561.2
struction stages(P13). P7 -100.0 -115.1 -114.2 -114.3 2561.2
P8 -100.0 -1133 -113.0 -1129 25612
P9 -100.0 -110.6 -110.0 -109.9 2561.2
Sglo] AFRILZEO] A o] 7hAo] 2 AFRe S PIO | -100.0 -108.5 -107.7 1074 2561.2
e 4= Qi =89 A= H IS AABINS F Pll -100.0 -96.7 -96.7 -96.5 2561.2
L7} -589.4 kNO 2 Adl18k¢8 o] =82l -507.9 kN P12 -100.0 -105.0 -104.2 -104.0 2561.2
o] vlal 116% =4 Z7fsl= Aoz Yepdr) J8u) &8 P13 -100.0 -105.8 -106.1 -106.1 25612
o] 7= IFFE O 1.5%F AR LRE] oFA Ao o P14 -100.0 -106.2 -105.1 -105.2 25612
o] ¢lS Aoz o) P15 -100.0 -106.2 -107.0 -107.1 25612
7158 ATHHA R BSHA] U ASE 1Ak Al P16 -100.0 -104.6 -108.0 -108.2 25612
A AZAFE Rl A 1ete e u)l 22 aeho el Wast A P17 -100.0 -96.2 -98.4 -98.5 2561.2
sH=0rx k3| K|, X287 A 43, 20134 63
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