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رتبه پیمانکار



Year ENR  Rank Revenue 
(M$)

% International

2010 23 8876.5 50

2016 13 17694.5 49

2017 14

رتبه پیمانکار



تونل -TBMارزیابی خصوصیات طراحی و عملکرد -2
کره جنوبیJinhea-Geojeزیردریایی 
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موقعیت پروژه 

 4300 m , 3500 m

 ID/OD=2.8/3.2 m

 Depth/crown= 85 m

 Invert/water= 8.83 bar



[Air & Cross-section views]

نمای کلی پروژه 



 Slurry TBM (Kawasaki)

 Diameter: 3.5 m

 Tunnel Length: 7800 m

 Gas Pipeline-Subsea

Granite Tuff Breccia Andesite Tuff Granite

~1.5 km >2 km ~3.5 km >0.5 km
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39 vertical borings reached tunnel

مقطع زمین شناسی 



 As per the contract, the tunnel sections were required to be excavated by face 

pressurized shielded TBMs.

 A regular EPB cannot withstand a potential water pressure of 9 bar

 With an EPB, excavated material conditioning is more difficult when the fine content

happens to be very low (e.g. in crushed rock mass with low fine content). 

 Hence, a slurry TBM was chosen as the TBM for this tunnel project.

انتخاب دستگاه



 No. of disc cutters: 27

 Size: 12” – 14” – 15”

 Face cutter spacing: 80 mm

 Tip width: 19 mm

Working pre/design pre/capacity: 3.0 bar/3.75 bar/2 persons

Front shield 
air lock 
system and 
drilling from 
the shield 
holes for 
grouting

جزئیات طراحی



 Tail seal system

 Pressure compensated disc cutter

  

جزئیات طراحی



 Cutterhead wear protection 

and hard facing

 Stone crusher used on the 

sixth truck of the back-up

Wear Protection on the cutter head

Protection bar  for the periphery

Hard facing

Protection frame for the  cutters

Grill bars to control max block size

جزئیات طراحی



Item Explanation Ton

F1 Friction Resistance btw the ground shield skin 144

F2 Friction Resistance btw segments and shield skin 8

F3 Pulling Force of trailing gear 3

F4 Slurry Pressure on the face @ 8.655 bar 832

F5 Force of excavation tools  = 27 * (17.5 ton/cutter) 473

∑
f * (F1 + F2 + F3 + F4 + F5) where f is a safety 
factor 

>1460

Required thrust force for a shielded TBM in closed mode, Page 235 

 

FTh= FC + FS + FF + ∆F  

 

FC: cutter force of the discs and other excavation tools = Σ Fci 

Fci: cutter force of disc i, 

FS: force due to the supporting pressure on the face = ∫ps dA  

A: area of the temporary face, 

ps: supporting pressure. 

FF: friction force between shield skin and ground = μ  G + ∫μ σr dA 

A: external shield surface 

μ : friction coefficient 

σr: radial normal stress 

M : TBM weight 

∆F: safety margin. 

- driving of curves and steering, 

- the friction force between tail-skin sealing and segmental lining 

- the tensile force of the backup. 

Here 

FF is similar to F1 

FS is similar to F4 

FC is similar to F5 

∆F includes many factors including the ones like F2 and F3 

 

جزئیات طراحی



بررسی عمق تونل



 1. Crushed rock: 
 This factor is important to identify potential water inflow pass ways which may cause heavy water inflow and 

max water pressure in TBM cutter head intervention.

 2. Low stand-up time:
 This factor is important to identify potential unstable tunnel face for TBM cutter head intervention.

 3. High permeability:
 This factor is important to identify potential high water inflow from the face in    TBM cutter head intervention.

فاکتورها بررسی شده



As tunnel depth decreases the length of tunnel with
RQD<10% increases

زونهای خرد شده
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زمان پایداری کم



 Water inflow from the tunnel face/walls is directly related to the permeability.

 In this regard we need to consider:
 Chamber volume and the pumping capacity

 Water inflow into the tunnel using for example Goodman formula
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RQD< 10%
Crushed rock, potential water inflow pass 
way 

TCR< 50%
Crushed rock, potential water inflow pass 
way 

RMR< 22
very low stand-up time, need for active face 
pressure in intervention

k>10-4 cm/sec
high water inflow,, need for active face 
pressure in intervention

نواحی بحرانی



نواحی بحرانی



Rotary Cutting Machine Developed in HDEC

S=75 mm S=100 mm

p

p: Cutter penetration

S

S: Cut spacing
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RCM-آزمایش نفوذ



0

50

100

150

200

250

0 2 4 6 8 10

N
o

rm
al

 F
o

rc
e

 (
kN

)
Penetration (mm)

UCS =50 MPa

UCS =100 MPa

UCS =200 MPa

UCS =150 MPa

NBH 1, 11, 59, 60, 61:

UCS ≈ 50-200 MPa0.5-4 mm/rev

y = 0/0017x
R² = 0/7392

0

50

100

150

200

250

300

0 50000 100000 150000 200000

N
o

rm
al

 F
o

rc
e

 (
k

N
)

UCS · T · (2 · R · S/ 76.2)0.5 · p0.5 (kN)

RCM Test results-17'' cutter

RCM Test results-14'' cutter

نتایج آزمایش ها



0

2

4

6

8

Farrokh Model

(2013)

Hassanpour

Model (2009)

Graham Model

(1976)

Farmer and

Glossop Model

(1980)

Ribacchi and

Lembo Fazio

(2005)

NTNU (2000) CSM Model (1997) RCM Actual

P
e
n

e
t
r
a

t
io

n
 
(
m

m
/
r
e
v
)

نتایج آزمایش ها



y = 1.01050x0.21476

R² = 0.92884

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

0 1 2 3 4 5 6

Fr
m

/F
r

RPM

Fr: rolling force when RPM=1
Frm: modified rolling force when RPM is not 1

y = 0.99173x0.07978

R² = 0.71729

0

0.2

0.4

0.6

0.8

1

1.2

1.4

0 1 2 3 4 5 6

Fn
m

/F
n

RPM

Fn: normal force when RPM=1
Fnm: modified normal force when RPM is not 1

Fn

Fr

Fs

نتایج آزمایش ها
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p: Cutter penetration S: Cut spacing
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Cutting tracks

S

d1: After test disc cutter diameter

d0: Initial disc cutter diameter 

Wear = (d1-d0)/2

Cutting path for one of the tracks

e1, e1': Distance measured by a micrometer

h
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d0: initial disc cutter diameter
d0 = h - (e1 + e2)

d0 = h - (gap)

d1: disc cutter diameter  after a test
d1 = h - (e1' + e2')

d1 = h - (gap')

Wear = (d0-d1)/2 = (gap'-gap)/2

Cutting tracks with the disc cutter

اندازه گیری سایش



 Using 2 mm/rev for the TBM penetration and 10 mm permissible tip loss

 Fn: 200  87 micron/km  229 km/gage cutter Max interval length 42 m 
actual interval length was around 35 m

وقفاندازه گیری سایش و تعیین فواصل ت
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بررسی بهره وری 



 DTL3 C931مشکلات حین اجرای تونل متروی-3

سنگاپور



Mattar Macpherson

Contract 931

Singapore

موقعیت پروژه



TBM U-Turn

مقطع زمین شناسی



 TBM Type: EPB (Herrenknecht)

 Diameter: 6.6 m

 Tunnel Length: 927 m

 Subway tunnel (2 lines)

 Overburden: ~22 m

 Geology: very dense silty or clayey sand

TBM Inside Assembly of Segment February 2014 

Tunnel Breakthrough – Bukit Panjang Bound
March 2014

Expo Line Launching

TBM



 Soil size distribution:

 Permeability coefficient: Max 1x10-7

m/s, fits well within the application 

area of EPB

 Water pressure: The maximum pore 

water pressure at the tunnel axis in 

this project is less than 3 bar and it 

was suitable for the EPB application. 

Chart from Thewes (2009)

انتخاب دستگاه
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برآورد عملکرد



 Initial TBM penetration rate

Target speed (14.5 mm/min)

Actual speed (6~9mm/min)
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عملکرد واقعی



 TBM clogging assessment (according to Thewes and Burger, 2005, 2010)

DTL3 C931 Soil

Proper area for EPB
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 Need 10-30% 

additional liquid 

injection

According to Stefan 
Hollmann, 2014
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 According to Ic: 10-30% additional liquid injection

 Lab trial tests: 7.5-10% additional liquid injection

Injection Properties Shear Strength 

(kPa)

FER FIR 

(%)

Con. 

(%)

WIR 

(%)

Max 

FIR (%)

Before 

test

After test LIR

10 35 1 5 50 6.14 2.05 7.5

5 25 0.5 5 50 6.14 1.71 10

FER: Foam expansion ratio

FIR: Foam injection ratio

Con.: Concentration

WIR: Water injection ratio

LIR: Liquid injection ratio

آزمایشها



 Ring 260: on the muck from muck car
 Very clumpy and sticky

 Anti-clay injection: 40 lit/min

 5 cm slump

 Ring 261: on the muck from discharge point
 Sticky

 Anti-clay injection: 40 lit/min

 11 cm slump

 Ring 269: on the muck from discharge point
 Low stickiness

 Anti-clay injection: 70 lit/min

 16.5 cm slump

Homogeneous mud

آزمایش اسلامپ



Screw Conv. Torque (KNm)

Increasing anti-clay injection caused a decrease in torque

اثر تغییرات تزریق پلیمر
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1. Increasing anti-clay injection caused an increase in penetration

2. There is a harmonic correlation between general trends of anti-clay injection rate and volume and penetration rate

Anti clay inj:
40 lit/min

Anti clay inj:
70 lit/min

Anti clay inj:
40 lit/min

Anti clay inj:
40 lit/min

Anti clay inj:
40 lit/min

Anti clay inj:
70 lit/min

اثر تغییرات تزریق پلیمر



 Comparing TBM operational parameters for the 

same area of line 1 and 2

 NTNU SAT: “very high abrasive, SPT = 100

Line 2: Expo Line
Ring number 1 to 101

Line 1: Bukit Panjang Line
Ring number 244 to 344

First Cutter head 
Intervention at Ring 101
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1

• Insufficient conditioning

• Abrasive soil

• penetration per revolution

• Higher rotation speed 

• Low quality of cutting tools 

سایش بالای ابزار حفاری



 Tool Wear depends on Tool Travel Length

p ↓ travel distance↑ travel distance↑ wear ↑

فاکتورهای اساسی تاثیرگذار
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داده های سایش اندازه گیری شده
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داده های سایش اندازه گیری شده
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توزیع مقادیر مایع تزریق شده
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اثرپارامتر  نرخ نفوذ
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Higher Torque for line 2 may indicate inconsistent 
soil conditioning /mixing and/or coarser soil. 
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بررسی گشتاور نقاله حلزونی
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According to Stefan 
Hollmann, 2014

اثرپارامتر نیروی خالص محوری




