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SETTLEMENT BEHAVIOUR OF SANDY GROUND ABOVE SHALLOW TUNNELS

il

lE SR TR

By Akira YOKOYAMA, Yoshirou HORIUCHI and Koh KIMURA

To construct safely and economically a shallow tunnel with shotcrete and rockbolts,

we have to understand the basic ground behaviour around the tunnel. This paper deals

with the field measurement results as to settlement behaviour of ground above nine shal-

low tunnels in diluvial sand.

From the view point of tunnel advance, eleven typical phenomena were recognized on

and in the ground associated with the construction procedures in case that shotcrete and
rockbolts were adopted as main support members. They apparently show the importance

of focusing on the phenomena along tunnel alignment and their interdependence in all

direction in the ground. Hence they also proved to be effective information to assess

qualitatively the ground condition, support design and construction procedure,

Keywords : sand, shallow, tunnel, settlement
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Table 1 Tunnel List.
TUNNEL NAME GEOLOGY EXCAVATJZ'ON TUNNEL {CROWN DEPTH | SURFACE & GROUND WATER] EXCAVATION METHOD
AREA (m®) DIA.(m)]|/DIA. RATIO | CONDITION
HORINOUCHI T.fDiluvial sand 85 10.7 0.39-1.01 Slope & Flat, Short bench with
& Loam A little water Supporting body
TOKKO T. Diluvial sand 85 10.7 0.35-0.84 Almost flat, Short bench with
& Loam Little water Supporting body
KOMAINO T. Diluvial sand 85 10.7 0.24-0.86 Slope,Little water Short bench with
(No.1l) & Loam Supporting body
KOMAINO T. Piluvial sand 85 10.7 0.19-0.89 Slope,Little water Short bench with
(No.2) & Loam Supporting body
OHNUKI T. Diluvial sand 36 . 5.96 0.35-1.54 Almost flat, Short bench with
SOUTHERN SEC.}& Loam Little water Supporting body
NARITA AIR- Diluvial sand} 136 14.3 0.34-0.57 Almost flat, With side drifts
PORT(8th ‘SEC){ & Loam A little water
NARITA AIR- Diluvial sand| 122 13.4 0.54-0.61 Almost flat, Bench with Temporary
PORT(9th SEC.)]& Loam A little water invert
KOXUBUGAWA Diluvial fine 68.6 8.6 0.81-2.21 Flat, Much water drain- Short bench with
7. sand & Loam ed off by wells Supporting body
KURIYAMA T. Diluvial finef 71.8-90 10.23- 0.91-1.03 Almost flat, Short bench or
(YAGIRI SEC.)|sand & Loam 12.39 A little water Side drifts
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Fig.1 Representative examples of subsurface upheaval before

excavation,

Table2 Phenomena observed on and in the ground,

GROUND SURFACE SUBSURFACE
NORI PHENOMENON FAILURE TUNNEL| NORMAL, PHENOMENON FAILURE TUNNEL
NAME _NAME |
1,Pre-upheaval or relative pre- HT,TT,
upheaval (L <-1m) OT,
2,Transversal KT,
crack
3,Pre-settlement All. 3,Pre-settlement & Relative All.
upheaval
4,Enlargement of settlement HT, 5,Local KT,HT,
trough collapse KWT,
6,Accelerative settlement All, 6,Accelerative setilement & All.
(-3=L=<3m) Relative settlement
7,Failure of HT,KT 8,Collapse HT,TT,
ground KT, KWT
9,Convergence of settlement All. 9,Convergence of settlement All,
( tm<L ) 10,Decrease of relative HT,
settlement
11, Longitudinal | HT,KT
grack

Remarks; Definition

1) Pre-upheaval means the upheaval before the tunnel face reaches the measuring point.

2) Relative pre-upheaval means the phenomenon that the smaller settlement in the area can be seen
comparing to the surroundings.

3)Transversal crack is the crack which occurs before the tunnel face reaches,

4) Pre-settlement means the settlement which occurs before the tunnel face reaches.

5)
settlement. +
6)
settlement.
7)
the tunnel wall.
8)
)

Relative upheaval means the phenomenon that the surface settlement is larger than the subsurface
Relative settlement means the phenomenon that the surface settlement is smaller than the subsurface
Longitudinal crack is the crack which can be seen along the tunnel axis apart from the point above

L ; Distance from the tunnel face, Minus means the condition before the tunnel face reaches.
HT :Horinouchi T., TT :Tokko T., OT :Ohnuki T., KT :Kuriyama T., KWT :Kokubugawa T.
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Table3 Pre-upheaval or relative pre-upheaval observed on

LIRS I V5

the ground surface.

LONGITUDINAL DIRECTION TRANSVERSAL DIRECTION
TUNNEL NAME|MEASURING |VALUE L/D REMARKS MEASURING |VALUE L/D L'/ D REMARKS
POINT (mm) POINT {mm)
OHNUKI T. 13k482.5m 4 =-3.10~.-0.92 H = 7.98m 13k424m 3 0.68-2.36]1.17~2.85 | Upheaval & Relative
13k492.5m 5 [-1.43~-0.08 H = 8.22m 13k492.5m 3 0.68~2.36]0.34~2.02 | upheval
13k605.0m 3 -3.02~-0.50 H = 7,25m 13k605.0m 0.68~2.36| (0.34)* Relative upheaval
TOKKO T. 62k755m 3 }=1.30~-0.37 H = 7.2m, Slope 62K780m 37 10.00~2.73[| (1.83)]% | L/D became larger
62k775m 3 |~-2.72~-0.65 H=8.9m according to tumnel
62k780m 4 -4,20~-0.56 H = 8.9m advance.
62k785m 3 -3.46~-1.03 H = 8.9m
62K790m 3 -4,49~-0.65 H = 8.9m
62k795m 3 —4.86~-0.7% = 8.9m
NARITA 63k282m (3) [3mm upheaval after side 63k252m 5 0,55~1.39
AIRPORT T. drifts' excavation was observed | 63k310m 4 0.69~1.11
(8th Sec.) before the center porton
was excavated.
NARITA 63k084m 3 |Upheaval was seen 5 to 62k084m 4 0.47~1.14 | Upheaval was seen
AIRPORT T. 19 days before the for 44 days before
(9th Sec.) tunnel face reached. and after tunnel
excavation

NOTICE: L ; Distance from tunnel face or tunnel axis. Minus means the condition before tunnel face reaches.
L'; Distance from tunnel wall where upheval or relative upheaval was observed.

B ; Tunnel crown depth, D ; Tunnel diameter

L/D means tunnel face location when upheaval or relative upheaval was observed.
*5

o
H : Crown Depth
D : Tunnel Dia,

Fig.2 Surface settlement by F. E. analysis.
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Table 4 Relation between transversal crack locations and

ground conditions.

CROWN DEPTH
SURFACE CONDITION L/D /DIA. RATIO
LONGITUODINAL
SLOPE 1.08~1.37 | 0.25~0.93
FLAT (1) 0.73~1.03| 0.92~0.93
FLAT (2) 0.39~0.49 | 0.92~0.97

REMARKS 1)FLAT {1) means the section between
the slope and the level section.
2)FLAT (2) means the level section.
3)L/D means the distance between
the tunnel face and the cracks
on the ground surface.

)* shows the center of the section where relative upheaval was observed.
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Fig.3 Representative relative settlement between ground

surface and subsurface above the tunnel crown,
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Table 5 Maximum relative upheaval between ground surface and subsurface observed in 4 tunnels.

Tunnel HORINOUCHI T. TOKKO "“g:: gig"()’“: KURZYANA
H/7 D |0.42]1.05 ]1.01] 1.01 ] 0.94] 0.98] 0.83 |0.68] 0.59] 0.52] 0.45 [ 0.39 | 0.92 0.60 5.5 ]
/Db |o0.26 |o0.51|0.29] 0.19] 0.19] 0.19{ 0.19 J0.19| 0.19] 0.19 g:%: 0.19 | 0.28 | 1 day vefore | o0.20
Uemax |1.38 [0.17 3.17} 1.40} 0.36} 1.10] 1.11 |1.26| 0.85] 1.64]| 0.89 | 0.73 | o.68 6.3 1.45
(mm)
REMARKS : Measured point ; HORINOUCHI : 1~1.25m above the crown
TOKKO $1.25m above
NARITA AIRPORT (9th Sec.) ! about 1.2m above the crown
KURIYAMA :1.0m above the crown
MRIERERD 5, BAINEEE (Uma), B 101 A momo x.
E%EEH#(D’G)JEEIEZE&:H&U UJB@{%%H??. Cﬂ%f))ﬁ) © Horinouchi T.
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< mB. Fiz, HMEERSP SRR — >o. % 8 s o g
0.3~—0.2 DREITZ - A TRAL 8 5. ‘= o§§5® 0°
N 2 0.2
b) IFEBA o9, %
1) RBEUT .
0.2 0.4 0.6 0.8 1.0 1.2
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1225,
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Fig.4 Accelerative surface settlement observed when tunnel

face passing.
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KEDLTWSE, ZOESIZLTESNERA DI T
BeBEL, BASMRBS0 Y2 OENORAEEE
BEXECECEHRLCooERENE LTEDbT &,
Figu6 Dk >i22 3. 22T (8/L)max ZEROBRK
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Surface settlement curve (a)

R X Z 71
(]
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L= curve (b)
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]

(Just above the crown)

a< g or a=g

Fig.5 General concept of longitudinal surface and subsurface

a,8 = wr/L)max

settlement curves,

Table 6 Accelerative settlement,  Maximum settlement ratio,

where short bench
method was taken.

Slope Section

Flat Section

Slope Section

Slope Section

Flat Section

HORINOUCHI T. TOKKO T. KURIYAMA T.
ur Ground Surfacel) 39 % 26 % 53 % 56 % 29 % 21 %
U |subsurrace® 51 % 20 % 60 % 43 %

S/1 m Exca. 1.8mm 1.2mm 4.8mm 5.1lmm 2.5mm 1.1imm
Remark. 1) & samples | 1) 56 samples | 1) 6 samples | 1) 3 samples | 1) 21 samples j1) 10 samples
All data are resulted H/D<1.0 H/D<L 0.9 H/DL 0.5
from the sections 2) 1 sample 2) 7 samples 2) 3 samples 2) 1 sample
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Fig.6 Maximum. relative surface settlement between two
points along tunnel axis.
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Table 7 Difference of gradient between ground surface and
subsurface.

HORINOUCHI TUNNEL

BV
Section| ggo. 55 555-560) 560-565| 565-570] 570-575 575-580| 580-585] 585- 590

A‘s% 0.28 0.26 0.28 0.22 c.22 0.40 0.36 0.48
0.31 0.5% G.50 0.40 0.40 ©0.38 0.48 ©.51

43,
‘u,m/AaJ 131 | 212 | 1,761 1.2 | 1.82] ©.95| 1.33] 1.08

He/p | 1.03 0. 9€ 0.29 0.92 .78 0.64 0.5¢ 0.54

KURIYAMA TURNEL

N 2K m|
Section| 770-775 775-780| 780-765| 785-700] 790-795] 795-800)

A‘}% 0.42 0.82 ©.78 0.45 0.70 1.07
a8, 1.01 0.98 C.78 ©.59 0.68 1.03

here
Ats.“r/L;

__m&f (Surface)
a8 /a8 T 2.40 1.20 1.00 1.31 C.97 0.96 88 g =8 /L)
H*/D | ©.74 c.82 0.92 ©.94 Q.95 0.9¢ | (Subsurface)
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Table 8§ Relative settlement patterns between ground surface and subsurface observed in 4 tunnels.

TUNNEL ] KURIYAMA T. KOKUBUGAWA|] TOKK HORINOUCHI T.
{YAGIRI SEC.) T. T.
STATION | 2k NO.141 62k 62k
785m § 805m +17.000 780m { 300m | 360m {547.5m | 552.5m | 567.5m 562.5m | 567.5m| 572.5m | 577.5m | 582.5m
H/D 0.88 {0.96 1.34 0.92 j0.42] 1.05 1.01 1.00 0.94 0.98 0.83 0.68 Q.59 0.52
PATTERN T
o @y | @ @ | | @ e o |0 e |e |@ | e
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Fig.12 Surface settlement contors (Tokko T.) and cracks
observed on ground surface (Kuriyama T. ).
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Table9 Characteristics of relative displacement between
ground surface and subsurface near tunnel wall.

MEASURING | FACE STATION|MAXIMUM RELATIVE
TUNNEL RAME | porne ) DISPLACEMENT
OHNUKT T- T3k492.5m | 0.76D &
(SOUTHERN SEC.)| 13k424.0m | 2.52-2.86D 5 mm

13k605.0m | 4.19~4.70D 5 mm
TORKO T 52k780.0m | 2.71-5.700 |9-0 - 10.43 7
[HORINOUGHT T. | 61K360.0m | 0.98-1.070 [3.46 = 5.32 mm
KOKUBUGAWA T. | Nolsie7m | 3.19-9.88D [5.08 ~ 5.55 nm

Nola7+7m | 2.36-2.520 |4.03 - 4.05 mm

*) FACE STATION means the face station where the maximum
relative displacement was observed.
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