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{EEREDARE | HEI20055F
AL AR TS, Key Technology and Innovation of IMT

2013££108290E1Ei2
N E90FESEER. EXM
\ 2AHREM , BEEERE
HEET.

NemrmRERETE
BEREE B ik

BT, iEEEEiEt br. MorganYang {ﬁ [F3E] ﬂﬁ?ﬂlkl_ﬂgj:h@gﬂ Morgan Yang
River/ sea fixed crossing B Tunneling capability of IMT
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1. BWIH. S80EE  RREENSENSERRNEZERERNE

River/ harbor crossing for meeting regional transport and economic
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The highest goodnes e
things and aoes not compete

J:§E7J<, J<§$|JE4?U RS,

Dr. Morgan Yang

NERENBFHRRIE

Mechanics for immersed tube tunnels

1. FIAKEFH , FETESMRES 3. NAEEKENE  BRKTHE

IR EEE 4. BENRREE , #HSRESEIE
2. AEEGRSEE  MMIEEEMHNEE  E

Y Water Table [ ¥ BumE
Yrcebiard

Water Table

W River Bed
’ U
{EAERREEREMNIERR | BIRRNEEBitERRE Y
NI L
| [AARERRRANN P |

Dr. Morgan Yang

1 ERTER

A Fabrication of IMT elements

1. RELREEH
1) IERE SRR L B
2) thrJ7EiER iRt
2. SREEH
1) ERRISPOIRIR
2) FEEERREREL

1. Concrete tunnel elements
1) Prefabricate in dry-dock or casting
basin
2) Occasionally on semi-submersibles
2. Steel shell tunnel elements
1) Weld the shell in a shipyard
2) Cast concrete during floating

50
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NEREXEELRE

Construction flow of IMT

1. E=ETEs: SIBTFTRREE , MiRERE
inEIPIEE. FREE . ;

2. HEEE  RUEESE | IR N

3. SENTE: B ETACAI IS FRN =

4. EEET : S E TSR
EFEERRLE

5. SEdiE: MK TS, ——Hgl
IFERIRESPT

6. SHEEIE | HRSE , EREHE , B
TafRiE

q ﬁﬁgm Dr. Morgan Yang

4 Foundation of IMT

A trench is dredged in the bed of
the water channel.

gggm& | RIERERR | VARSREITERE
. ‘“zi'szm:l flow Foundation (i)

o iopimad
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&J Flotation of tunnel elem

Q EEHFE

Dr. Morgan Yang

1

N

w

. ERRKFEHK , EEET

=

N

w

. RIS/ R IREIPIA B EE
. BHSIEKRIKERIEKEE | EE

. Seal the open ends of the
element by temporary
steel/concrete bulkheads of
watertight

Fill the ballast tanks within the
element with water to give
negative buoyancy when casting
basin flooded. Inspect the water
tightness from within the unit .

. Pump out the ballast tanks and
float the element in a controlled
manner.

REMBEKPIUBEREEZR

Dr. Morgan Yang

g |
EEDTU
Immersion of tunnel elements

q

Tow the tunnel el
position

into the requi

. Gradually fill the ballast tanks. Adjust the

. When the primary end of the new unit

>

N

element continuously made by control
cables operated by winches on the
li towers and p

| ‘

[

engaged the two temporary shear key
brackets on the previous element, pulling
bars from two jacks on the roof of the
new unit are connected by divers onto
the brackets on the previous element.

-
o TEWPORY FOUNMTIN AOCK

Backfill. Unitjustbefee dcking

. {EEEHEREE, wsmewear S
. EREKTEEK , B TIBER , EiRE . h

BIREE, . REASEGTRE SR, =
. BT EERC N S AT SRS

&, KT TRIETRETFTEABIER . 7K Tumel slared and backied

Ak
. EfEL:

Dr. Morgan Yang

SR

Connection of tunnel elements

1. Lower the new element by controlling 1. FIFBEMKETMELS ~
temporary ballast 2. gﬁ;ﬁﬁuégﬁGlNA.&;ﬁ% | $EERN

2. Temporary connection by jack
3. Dewatering to introduce hydrostatic

3. WEEERK , EEEBERRKES
E—SBEGINALLAE , EREAEIEK
pressure 4. REBTHOILKS

o ——1 ¢

CTC2014
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Dr. Morgan Yang

Q EEFE

&J Flotation of tunnel elements

1. Seal the open ends of the element by
temporary steel/concrete bulkheads of
watertight

2. Weight balance sensitive to variations of
density of water and construction
materials, dimensional inaccuracies,
weights, etc

3. Concrete tunnel element: be able to
float with all temporary immersion
equipment on board

4. Minimal freeboard to reduce the
amount of permanent and temporary
ballastin

1. R R L P

2. EEFEEREEKNERE. MHNEE, &8

RY. BEFEER
. BB RSEE - RRIRNTMEREERNETE B
. BURERE  MBERVKANESES §

Dr. Morgan Yang

EEmTA

Immersion of tunnel elements

ans

Dr. Morgan Yang

=)

Connection of tunnel elements

EEIKNEIRRIE

rubber profile

GINA rubber
profile

Step 1 Step 2 Step 3 Step 4

Step 1: The immersed element is pulled against the previously installed one

Step 2: Due to the rubber profile (GINA), a small reservoir is created between two
bulkheads

Step 3: Water is pumped out of the reservoir. The water pressure on the other end of
the element compresses the GINA profile which seals the joint

Step 4: The bulkheads are removed and a second rubber profile (OMEGA) completes
the joint

SREL : AR E T ST E E R S SR

$HE2 : GINAWLKEIEILK , mEREIFIRAZAY 7 FRRtkeE

ER3 : fHHEERKIAPIRZK | B E HRiRAKENE—SEREGINALLKT | RZAELEKIRER
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Eﬁﬁgﬁ& Dr. Morgan Yang %ﬁﬁﬁﬁ Dr. Morgan Yang
Connection of tunnel elements Connection of tunnel elements KFRemEEE

B EEERIREERENE

P

Final element with a flexible joint]

L
—/ —
Cc&C c&C

T
=
&
]
=

Intermediate joint Final joint |
(flexible) (rigid) -

Eﬁﬁﬂﬁ Dr. Morgan Yang Eﬁﬁﬁﬁ Dr. Morgan Yang

Connection of tunnel elements Connection of tunnel elements
KT RASIEEENIRIETAIEIR KTREIEEERTIIR
(a) TUNNEL  FINAL (b) e L
ELEMENT 7 NLOINT ¢ event s FLEXIBLE JOINT ,CLOSURE PANE
BACKFILL 35 <m RV \‘. 2
£ /STRUT T
SAND FOUNDATION  BOTTOM PANEL STRUCTURAL CONCRETE 3. MEMUBAR A AREBRIK

2. BHBRENEAAEK 4. EHRNFRRRAEE

5 e Dr. MorganYang 5 EEEHE Dr. Morgen Yang

Connection of tunnel elements Connection of tunnel elements

RAIEEENIEISINEKED EREMRFIMIRSRE TREREL

The disappearance of water pressure acting on the free end of the
tunnel unit will cause the re-bounce of the GINA gasket, leading to the
leakage at the joints. Therefore, the water pressure much be properly

/4
Struts to lock the water pressure
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EEEE Dr. Morgan Yang

Backfilling tunnel foundation trench —

1.Bearing capacity: a suitable founding layer

2.Total settlement: GINA and Q gasket can
accommodate, usually < 200mm

3.Differential settlement: stresses on the sheal
keys and the tunnel units

4.Relative angular rotations of the units: <
1/1000

5.FOS: agaist potential liquefaction

6.Foundation: gravel/sand beds; piles

7.Method: Screeded bedding method; Sand
jetting method; Sand flow method

nEﬁLMEﬁ

AR : WL AR
. AU GINA & Q 1l /&4, <200mm
. RIGUTRE: BTN R U RS2 Z N S
. EHER AR <1/1000
o A

S E kST Or. Morgen Yang

Flexible joint between tunnel elements

1. FHHEEEIEES
2. EELK : GINARRILKS + QigBIEKE
3. RRENHEEEED

;100

ant tunnel/outsias el 1T |

uvbes prosfre) GINA
\\q nigt sasengedtukt
\

rubbes gesket CINK tyae
untompressed

stesiplaat

‘W.\;\g
il T

secondaty rubbar seal (OREGA type)

Tinnenkant tannel inslde tuaned

RN ERETRERIERAMR Dr.MorganYang

Development of IMT technique worldwide
Bosphorus Crossing, Turkey, 2011 HKZM Tunnel,China, Ongoing
TERBHESANGHEHEREREE , 2011 BRI ERE, BT

(o] d Tunnel, D k, 2000
FIEREIBIKIEE, 2000 l Busan Tunnel, 2010
= FREIEILIREIE, 2010

CTC2014 2014 10

EERRIEIREE e

Flexible joint between tunnel elements

Immersion joint

SRR

Immersed element New element

Water pressure acting
on the far end

W New element mjh
B 3]

= i
" Engineeri inci

Eﬁﬁ%%LIhm*&ﬁ*ﬂﬂﬁ

Key Technology and Innovation of IMT

]
‘l—d:

NERERIRE TiZRRHTERE R o

Evolution of key construction method for IMT

1) RS EE
Fabrication of tunnel elements

2) EEEFMEE
Flotation of tunnelunits

3) EEKTHE

Underwater connec¢tion
4) BEEREE

Tunnel foundation

1) 2EERBE / RS
Full segment cast / flotation cast
2) BziEHEREEE
Freeboard control & weight balance

3) KIIEHETRASIREE

Hydraulic connection & final joint
4) SR ERHAHTaERE

Sand foundation and gravel foundation
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BREmRgEnE E s alHEHT
Traditional concreting method Creative concreting method
. BRISHBERRE FARERD
. RRTEEDRRR SRR
. BAERMEREE

. RRTEGES AR R
. BB KRR

. BEESHAINESHE

oo WNE

~femess: e ation
wers The maenmm siess oceus

@ . 1w e 20 o
Time houes
Temperature contour (48h after casting) Maximum temperature in the
@ structure and temperature
ﬁﬁu;kg&#i =R developments in the inner and
Cooling pipe tech outer wall
ot 2UE. HBRRAREH
ok basemslabandwall Full section segmental casting tech

1 emsiin BIEHRRRIAET 48 _| 32

NnEREFHAAIDrogdenfiig

Immersed tube tunnel

NEE
REE Tunnel elements
Tunnel EENE 20
EiE2R  4,050m SERER 8
Peberholm, . MERER 3,510m SR 22m
: RISR(ES -21m E8HE 176m
/ ; EEEE 5.5 B
% Kastrup Peberholm
Peninsula Island |
approaches Immersed tunnel - 3510 m approaches

[ Glacial deposits
L g [T Copenhagen limestone
| Lewlom PR A0 T =5 Bryozonan limestone

e Kastruy
¢ w‘J

The maximum construction depth is approx. 22 m below water, while the future
navigation depth over the tunnel will be dredged to -10 m.

T EREERE TR E Rl

Cross section of IMT Casting facility

1. FEEEER : MISKEE, MESEEART—SRREE TRHTRRETS :

2. R EREXAISKEE 1. TRrasgiseiEs , FEEh

3. EfifE : E38.8 , =8.6K IR B

4. RASHEREER — 2. EETHEBESSH
EHE KEE J' e 3. fESRitZHERERIG

g S LT faas o - ﬁinﬂoﬂ?ngfaci\ilies

FEIRP]
Exit gates

Fira nsulation —

" Deepest point
sm -2lm
L §liding aste
Limastons e g
Concrots balast Wiaiting area for
WREER Emergency corridor/ Emergency pavement/ finis hed tunnel elements

Escapa comidor for pedestrians. Escapa gallery for padestians RREHSHIE

. ® . &
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BRI T TRHAREHTEGE

Layout plan of casting facility .
BRE (1) SfER A (5) EIFit
m ! (2) Wit EER (6) WigHt
PR (3) VRHELFESIEH (7) FEIRM
Segment 1 cast | | (4) WEhM (8) IREE A
—
FRTEIESE— R W E :
g?z_ag‘ﬁ Segment 1 pushed forward and segment 2 cast T T
el S S— . o E——— =
NI ) 'E@j-.{ T r— )
Completed element pushed into shallow basin I @_.' e ©
163 4 ——
HRRRT R WA RERM T
M%n‘h‘{ﬁiﬂ!ﬂl’ﬂ [ ]
ggﬁggﬁg f “Liiging gate closed, basin flooded and element moved info deep basin - 9
HEKRE (RSt (1) Reinforcing prefabrication building (5) Shallow basin
FIRBFEIRFY . (2) Concrete production plant (® Deep basin !
i Water lowered, floating gate removed and element winched out of deep basin 0 m 100 E:; g;;:’;ggt:: % Sf;:":;guﬁ;?

B e 4 T AR 2 A S T T : EEFHFENRIENRER e
Fully; ce%mental casting in the fix formwork ! Two tunnel elements on the skidding beams ready for floatation

EENF LR E

Floating tunnel element out of deep baSin, - 5% :

Ly

y
T
\

55


liwei
矩形


CTC2014

2014 10

BB E ERALrEHS

Dr. Morgan Yang p
Longitudinal structure of tunnel elements

SETE 2 EIFERTAS
}F_ﬂq Segment Immersion

/ joint / Joint

Tunnel Element ‘
[ Length =176 m

Lock-in force acing

B ZHRSR IR

Dr. Morgan Yang
Immersion joint

A
BRERZ ISR IRLE Dr. Morgen Yrg
Segment joint
(a) bl
A T Steel end frames iR g B 7 Groutable waterstop ]33 LEK A
ihﬁ]agrg hj'in! A J Shear key /K 8 /748 Shear key B J Shear key KISy 748
FEHORVE Hnfill concrete  Omega sealOmegalk K% Bmyie
JERE
Grout
AKX BRI tubes
TET Hydrophilic
Construction ———»| seal
- 5 Groutable
gee! end waterstop
frames TSI AR
Gina gasket Ginalk/k#

Neoprene seal § T 1% /B 1Lk I08
Detail A

Detail B

10 8 e e B 4, BT S ARSIk RIS
=" “Railway BOSthr. Crossjng, Turkey Marmaray Project: Railway Bosphorus Crossing
£2(2004-2008)

Umraniye Dudullu
@ .

Dr. Morgan Yang

A

. MEE : £R1387m , $11EH5 (F1~£2985m; E3110 m ; E4~E11135m )
. FEREHRES : Tuzla Fabrication Yard

. MEER : 7KF61m (max)

Camlica
-

PWNH

B8t : Mw=7.5(moment magnitude)
b K“-\“d"m. Europeas side Asian side
Mulmm(h:y
B ;
\ ?
\

10 Edime

Immersed Tunnel: 1.387km

BIREYUEFEE, 61m (max)

B TR, BT
JE R P R B R

Seismic joint
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Dr. Morgan Yang lﬂ;él’% aﬁ*ﬂiﬁ%éﬂgﬁ;i 1*]_ Dr. Morgan Yang
Bosphorus IMT: towing distance, 40km Cross section and innovative casting method
BEHVIBALE = . 1. &AmRJ: W15.3xH8.6m ength 1.387km
% %l \_','Jl\lallalmn Point & 03 3 2&5‘1‘:?537\&3&18&5%%%#? m:;estg;:irlng:;tw sea level -60m

A'N i Justiiation Potnt : 3ORBEREL | BENARTENE

Ej

1

)

A

'

Number of elements 11
—_ Length of element 98.5~135m
TIRESRRL - FHTERRRSISEE , iZREE scction Width 13.4m, Height 8.6m
ﬂl#ﬁﬁ
A
.

O

Immersed tunnel clement

Nmbmne SAN A (top)
fabrication yard in Tuzla [PUNITINEE g Srnm—
3 FREMHE g
X D@ 7 2 ‘
R 4okm~\ g F—-
Towing distance Appmx 40km VR e T
| 2'E e |

7 mm-thick steel

membrane (bottom
isan,

BIFRTRRERTE

Dr. Morgan Yang
Innovative element fabrication

A B R

High accuracy monitoring systems

Dr. Morgan Yang
Y, GPS
°

ENMTE
1 knot=0.514 m/s

Immersion of tunnel elements

Dr. Morgan Yang

Placing Barge
GPS

Multi
Sonar
Supersonic N
mesurement e =
e [ _Ballast tank
R
Black Sea s
—_—
| A Knots  Sw—
For:

mum nots) @ Upper cutrent
—~ th“ l (animmm velocity: Shnoes)

85 hﬁﬂﬁﬁ.&mﬁléﬁﬁﬁﬂﬂgtﬂﬂﬁﬁ \

4. ETESRER , RFIEETM

I5 EREBRIEHTE , SHREWEN
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Tunne)
Element

Access shaft

Asian Side TBM

Tunnel Boring Machine

EBRMATE T2
AR TH2, Fraa ke !

TGRS MR35 64, HAbA BEFEEN d')
Hir20.6 A R =itE . SRBERERCTAE, WMERER2294H,

;E’ MBE‘E ﬁﬂ IHEEE Dr. Morgan Yang

Longitudinal and cross sections

AR TKE: 180m | 2 o0 EZDSEM‘FZ!‘I
80m  Closurn jont betwesn kvl element E:
and lormant E3)

TUMAR: BRL44.5m

element immersion 44.5m

EREH: CASARKRSEL, S6dRMC50, MBHEP12
ain stucture o P

SOEETME: HRAEH 8x225m

SRR : PFL— B Secson of urmel olmere: wa-bore snd cne mictle gatery
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Dr. Morgan Yang
e . a1
e T = —
5 'ﬁ'! ‘0 o o0 [rm— ¥ = N & L
-5 v I'; oSS REANO2HER -
. BREERARELSE , MERER5664m
. MERES33EH , SHiR180m , BHiEN7 45N

. BRKIBUKIFE44m
. BABRERE , tREGSEERANREREZ—

1
2
3. [FEErE : 37.95m , §11.4m
4
5

Dr. Morgan Yang
nERERET

Cross section of IMT

1. mA—EmEE. MEABTEER , PHESRBALEASERHE
EEE , PEAERNEIEE , TEASEEENSRER

2. EEREZNSEIL33E0 : 2112541804175+ (5+2+172) +26x180+2x112.5

3. IRFEEIEELTas , RO REHEE

4. ZEEHR180m , SASENEEE , HRRER22.5m
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Fabrication of tunl nits

LR ETERBARELSZ Y
SEE , IEREHEA12km,

2. iETARmMA43.88m2 ,
HBRTERER. ZIEME
IBTALEE. EBASH
LEEE. BERERRE
Hif, RERESANIE

3. BNRER2EEREES ,

BEERHREEER , 3R

ARTF6EEE.

REEHEREFRGR
1. EMEERE180m , H8(E22.5mEfERAERL , EH496.9% [

2. SEERE , FE4hMIEERSELI3415mREL ; HFAR
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F
units in acontrolled environment

.

BEMERLIERERIEE . HETEENRS

- SREEEHHRAS  ISHTRREE ; KAk, QKRS 2. FBATHIE , AExiE  SEXTRERR
B, iEHRELMEREE25EC , WRAERREELR 3. BRENMEEE

EFRR , NERRRELIER g

BRSsTE R EIEEER

Overall program and milestone
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SRIBNT
16020 |
201 2013 2015 2016
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59

T IR, AR

. o

i FEI
RIIE
2 - ,

¥

= 3
plpsnedd

L1

= -
€.

o

.'P;j:eaker'pr. I EUREYI]

E-majl Morgan:Yang@A=GQM.CQL

/£
/



liwei
矩形





CTC2014

FERABETIREBFRAF

Beling Constructon Information Solution Engineering Consuling

T-FEHEEERBES T

—i FIPLAX 1S 5SAP200043 #r 3 2
S&5apEER

1
LW EmEmEIA
Y e B S
o BERAE R HOIERISERLE = F I E,
TN I B U B ST B T AT 0
it E.
o AR WIS
o SEfl: HOEEROPEEGE, SRk
IR, 1R B AR
o Sk KRR R R 7R ER
5.

k] [r.q PLAKIS)

R EIRN

SSIEERM

o MBI AR AL b ADAS I A ) B A
bR R E o e R T A T AN P 75 () 20
Fi %

s BERE B FERE SR L REMEAEM (R
Bfed)

* BRI T R RO b AR AL )

Cn 4 [

k] [r.q PLAKIS)

60

2014 10

R

1
L JEF-UEIPN
& TR
& FRPEL TR
& BIESNE

& 45iE

k] [ PLAKIS]

z
K EETIERN
Y @ LB AR R (SSD

= PR KB @, RN

0 2 R i RS | | Lwty
o SHICATAE, RN AT —
e S T ‘ |
TR

o FEAMBT, HEH RS A
SR I3 R e

i
il A

k] [ PLAKIS]

SSI4r A A EZE o) fR

R 51 P DR E RO E

o JERRSIEE R B AT (IR R I3 20 A
HeAliN 1)

o BESERRE TAEPEIR CRELAHEERD

o BERAFERARIEEL CAbET 52

o I (AR

k] [ PLAKIS]



CTC2014

SSI R I ZR F7 3k

P RIS S
A [ PLAXS)
\ -
!.\ WSIR
| ssioamEE |
Iﬁ*ﬁ%l‘ﬁ*ﬁ |=|=§I:;§FE ﬁﬁi;fﬂﬁ |§Bﬁ7_l:*§ﬂ| |§E€.~$§§__ﬂ|

FEMGTE

k][ PLAXIS)

R

A Y
HERNEENFTERIMER
+ + b1 E bl
¢} B R Al B 2
B B Rl & X
pi+ B HF ol 7N
P4 & WA *® N
bl 5 ~ [ 5
4 i b=v 2] il
&S

k][ PLAXIS)

61

2014 10

A 3 mip
==

SRR BUER

R SRATIRIL

[ sSior#raoIBIeTTE H

ARTE

| mmso
| swmer |
ERIE

BT

BRESE

FIRTTE

EMIBATA
[ PLAXIS |

REEE

A Y
& BB AR
o LA 5 R A B AR £
i1 F— L 3
© CTUREMEIERCY GBS , # &
P (MR D "
7 77
w i
| w2
::: =
k) [ Praxis)

P
| N B ESE
Yo A T
» —RAZEE (REEAN) F MERRED
o WETEEDK, HETARREEES T, HRE A TR TEIE
= B (B RESE (nEEites)
o [EEERUEE, RIS A PR, SR SR TR R BB R RN
= ERSHTE
o GEEE LR L -EERM HAR RN
o GEFT R I B g3 A R W B Hh AR A
oMb R R SRR 205 A AR T e W B 5 R R TR op
o AT R TREEATE i

k] [ PEAXIS)



CTC2014

EET

‘0 PLAXIS5SAP2000F) i Fl 4347 :
= SAP2000%Z5 &
o BODS SRR TR, BRL SRR
o Bl R R LT AR K1
» PLAXISHEE SR
o B ARRPRHA R (IRt ITERONS) Kk RISk 4
o B TR MOBERE CLIBESE) 5ok RO L A

= hESHR
o JELIEARTE ST CLSERS T A SR A SSIZUNE,  AF BT & Skbr LREA
I3t 2k A AT I FE

k][ pEaxis

‘
R i
1
&SRB RAPTE I
= FIFHSAP20005PLAXISH)
APITHRE I A ) B
EH A SR

k][ pEaxis

.
W iR SR
"o s LRI
» ORI EI6 L
B IE i) i 4
[AJfE10° D
= Xo Y. ZEAFTRE A
[
o WIURE B NI e

k][ pEaxis

2014 10

RET

Yo it sEE

SAP2000# 78 <:ﬂ TR SR i
CHIHR AR K=F/u
Wi
. k201
A b5 s
SAP2000H%1
PE I sk
N
@ PLAXTSHIIESE % PLAXTSHE R A
ISR S A B AR
k| . PLAIS |

{
W mmwEawE
Ry

= BHR10m, MEE20m

= JEHSSELE R FBm

= JRHESY E5m

= fAEHSF10m

= R F1600mm/EC307: 7

= T#BR F1400mm /S C307: 7

bl [ EAXIS

REEE

A Y ARLTR :
& SR TR awasns i =
= JHTTE AnmARE  @Euan o E—
L _ wmmesm |||
= MR i
mnass m |
* R R o |
o RS T _prpmianes | ewestmeites |
AN SRS
- s s
DEAL Lo State: 12 e |
5] |
i |
- L)




CTC2014

EETEY

A Y

&2

= FRENBREMEL, FREARREENT L

 LRERES A
« bRLJERE5~9m
o BRI 15m
= RSP R 540 X 40m

L ZCE
SAP20004 7
AR R )

%
A

PLAXTS 3DAERY
Sl U 7 2R

f 2.8 et Bt B

FHEE | MC MC \

Ve 18 20 KN/m3
E 1063 3063 KN/m2
v 03 02 \

c 19 1 KN/m2
) 20 31 -

k) peaxis |

63

2014 10

L F-Yji7%

= FEEERIHIEAME, %2m, J£0.6m, C30f:

= RGN UCE BHEE, C307
o BEA£0.8m, BEEEZ12m, VAR 5045 B
o MEKEE AL REERL, HEAFENE CFERL) 41~2m
« HEK7.5m~9.0m

i =

k.o pLaxis)

N\
& ERAIES
o SRIBHEIRL AR U, Uy,
Uz
o SERBRE R KPS
o SERLGTMZE, AR N' l

DG,
kAl = 202360 m (T %15 Wl 2078
WA = 28000 (W T2 el 2w

h] [ eEAXIS ]

&
k BRI 474
& ERITHER
¢ BBATRE: ooy -t

\L—o—a—c—o—o
[ 2] 2 s [« [ s [ s 78
[—o—max_a#| 095 | 014 | 009 | 007 | 00 | oos | oos | oov

x> 100

fr B gtz

100
090
080 |
070 ¢
‘I 080
! 050
040
030 -
020
o1
000

k.o pLaxis)



CTC2014 2014 10

N wmwaoiw: N weskswr |

V& AR L R ' Vo BRI HER—NE
TR - AuE
. @ x [ ] x| am |
_w |
oM Tee !tE:::!ﬁ::E:S:::.XKE EL g z 2 E
RN K ERLIM X G

RENETTT I T

Yo A A R —RIRE Y N Xt £

= i
X 1

K34+ B 0.8
o 0.7
E 0.6
0.5
! 0.4
. 0.3
|‘|II| “

1
ITTIRLCLEEEELE

1B B 4 3 6 7 & % 110 5313 56 I3 I8 17 I8 19 0 3 K A M I M AT M IS MK MM MOB M
e

§

§

g

0
SR 2B SEIM AR ESHY  HOM  HTH HsH HOM EI0M ELM EizM
——BURER —O-BIORER

k][ pEaxis bl [ EAXIS

A\ A\
W iR SR R s
Yo x4 M IR Lo x4 R
= MR = HRER T

60

50

NODEL

=yl =O=Fy10

64



CTC2014

‘
| N iR SE
W sl 2
= HRER TS

150

140
130
120

110

100

NODEL

"
N maEsE
A S
& BRI TR
= bEREE R S SR I B A R TT R S

k][ pEaxis

£
| N maEsE
A Y
& BRSHTER
. LR
o 3XBESHELLLEH

o i E152 (ZE3m) , Hi N2 (Z3.6m)
o BRI G5 R SKN/M2PR N 4

S Y L E Eaen waiiz]

k][ pEaxis

65

2014 10

£
| N s
Yo xR

- FWA
- AT

F11  (KN) X Y A

BURER 755 642 4351

BI0RER 465 391 4414

TE ~38. 4% ~38. 6% 1.4%

k] [ PLAKIS]

£
A >
| W =
A
& BT
R et £57

o 3X5EsHELLLiiY
< M R152 UZE@E3m) , HF—E (JEH3.6m)
o PEERCTUL: S E AR SKNIM2P N A

e WERT | #8
2 (mm) 400X 600 | €30
: ]  (nm) 800X800 | C40
HEAR (nm) 150 €30
1 TRESME (om) 300 €30

T

SR FEE
k] [r o PLAXis)

£
| N mEoE
Yo mpsiram
= HREELA

o BEREEEAN, 390
o HELREEGAR, WA

AR B AR

pizez 2t e

k] [ PLAKIS]



CTC2014

2014 10
-\\ 3 -\\ >
| N maEsE | N mEsE
A S A
& BRI & SSIRUN XY _E ARG KR
= HBEEIER —
o BEAEEEA, 5

o HELEEEA4E, WS

- ol
- h
5SS
Lora Rt L2Ess '.‘":\a hhu -
iR | F@E2onx420 | ElLon | 030 j\%‘sﬁa - VS
i WKzon | #ER0.65m | €30 ::&'s%%s
SRR
NS
|13 RiE BE =5 *\\:\Q ’
B o [0 owo ] v o o ) SN
&) | )
#+ 3 7500 0.35 5 25 20
Wt 5 12000 0.35 1 30 19 . .
it 10 8000 0.35 6 24 21 Lw%mﬁ-gﬁﬂ EﬁgSSIﬁgﬁgg
wt 37 30000 0.3 1 35 22 hmﬁﬂmm Eﬁ_'iELE m

» &
R R
1 A Y
& SSIRRLXT BRI M & SSIZRLXT LIRS HIHIRE A
— g = bR HIRE N D0 AR

o SRERLAEREJIRER, ARSI (RN D
o BRI, 3N REN

HADTUIER
ol EBEHIKN | #h¥Et EEEEENn | WETL
REESSI 1748 JRE#AR | 38(-6) KRB
;23 £, H&E 2, sEE
B 10 Fixen | V0 A8
TEESST 4096 REREWE | -63(58) TERIEARR
put:3 N, HRE £, 3EME
ZEESST 4122 SEHHAS | -190 (509) LN
REFESST 10950 EETWE |9 (B RETK,
i #5, ¥ 3B LN
g R BASSIHHELR HESST 10217 AT 18 (680 Bl
k] [ PLAXIS | 31k [ pLaxis)

RN
"o maamAE

TRV 1E68.6mm
S 60.4mm
JRUTRE %16.3mm

Wcmax=1528kNm. Mxmin=577kNm

My,max=1292kNm, My,min=-482kNm

bl [ EAXIS

66



CTC2014

R

‘O RTEANIRE o |
oo ] IIIIIIIII

. R N1 |
(TR TR ) gl I RN

= bR IR BT zzz
) ’

350000

WUSMHETR /) DRIP4 R T

-500.00
-1000.00
-1500.00
-2000.00
-2500.00

-3000.00

-3500.00

WS TR A Dﬂ!T’TfIﬁJjE II m

7
K
Yo B AR E
o AT L g M T o
[V €PN
= b R A BE ) 78 43
RAE
o BRI HER
= RIS ERN78%
= A AR ST 22%
= BELAER S 3,501

k][ PLAXIS)

W waawE ]

® SSLZR X EAHT FE B M

RaliRR
i PITE | HERTE
PR () 60.4 60.8 61.1
AR () 68.6 76.2 73.9
AT (nn) 16.3 30.8 25.6
BARY TR NI EL
AL POABA6- M1 8 6 4 2 0 4 6 B 1012 14106 1B 2O 2

-85

&0

o

Bl

N

=

——-DHAY —es-BERY SRR o BERY EER .
k] [V BLAXIS)

2014 10

N wEowr

0.00 ‘T I -

S HTRNSFHE .. ‘

= WHEER IR, HOF o0 L
BIBETUR 1/N40%~50% 10000 L

A 20000 L
= HEZREFTELLE BT 2s0000 T
% RO OB

-500.00

~1000.00

-1500.00 .

-2000.00 .

-2500.00

WETOHBETR ) DRETTHIR A

k) [ Praxis)

.
R
A

& SSIZRLXT B HI R
BAESSIHHRE HEBR AT
k[ PLaKis]

W waayr ]

® SSIZRLXTELAL N ST EIR T

A
1292(-482) | 475(-138) | 1103(-421)
1528(577) | 695(-120) | 1578(-567)

R

Mx, max (kNm)
My, max (kNm)

AR LMt

——StAY -e-FEMNFoER v BEM AR

k] [ PEAXIS)



CTC2014

W swswr

1
& SSIRXRRFHETR R /IR
RRER
kN
HRRS (N BHED Frre prem—
FHE/ T 1.36 1.15 1.21
i/ 1.08 0. 96 1.01
i/ 1Y 0.43 0.63 0.51
HEERTE AL 1:3.54 1:4.04 1:3.90
TAETR F1: 2339kN
BHEYEESTRE DA BARIEISMHRETUS N 5 5L
G000 o
o F FPEEFF IS e f LSS SSS

100000

200000
120000
220000
1400.00
160000 o0
1800.00 260000
200000 280000
220000 100000
SN -e-BEMNTHAR - BEMN AR —— DN -a-RENYTHER e BERTERAN
EE i
bl eLaxis

‘
\ R
LA @i

1
& FUHPLAXTSHEATBEAASS T3 HT, I 545 RESS TR A Bt AT xd
L, TTOLSSTRUN X 5 P9 70+ FERIVTRERIA J1 BETRUR J1 43 A1
« Ak R 8 HB SR R R

& FI FPLAXTS 3R A b JE 1) S5 O I BE, - 7ESAP2000 1 14T B2 4k /)
Mt I FISAP2000E R SR A5 b 045 b I B R 3 1) S B3, 78
PLAXISHHEAT 844 53 H7

k][ pEaxis

68

2014 10

.
A L3
N
A
& IR B ARG — AN IR R, SRR SRR IS A

FFERL, RRITE R 2. AR I (K LT 75 225 B SS TN

& (ESSTIRINELRRT U, BUA I CREBIAREA IRICTTE)
FRE) T ARG 2 IR TS BT SLRE £ DU A LA A
Wi g, R RZIT R T AT RedE

& FIFIPLAXTS 5 SAP2000 TR AR/ Hr M U HE AL (R BRIIBE D
> ATLRAFEINFF & TRESLBRFAF LGN 77+ T B st e
B R

bl [ EAXIS

151164
Thanks

CHE suws clsec68924600
YOuKuU thEs i.youku.com/bjcisec
@ Foroieid @fﬂfﬁlt weibo.com/cisec

bl [ EAXIS






CTC2014 2014 10

ICIREBRN
- Arup i/ R AE o H =4 [H 5
HERCRE LT S8 Bhk -5 Al - EREIRITHE Fif

- ERFIRITH H K3k5%
- EREIR IR H B RIHT

2014510723 F| R TRE R LEFRAT

2 TR

Arup A R 7 o B =14 B B B8 4k T A2

* Arupfiifr
o EFE=TFHmEm

ARUP

BARSMS
SUREL T 1946 AL SE ML, H I EAESO M FIGRIMX BT 1902 5050 30U, AT
L0004 it TR G R, JHEIES AL i A G B H
RS
iéig%iiﬂi
TR
Tk TR
ENiit

wEs ﬁﬁ IMWW
e, B TR
e VIR Hl. i
b an il iH
o E .
o, o TR "
v - T RTRE
- BHTR St
it TR
BN i
e FE
R S
o KRS T AR
L 4
e -

69



CTC2014 2014 10

In Experience and Height

£}

HEPAEHE

R (1995)
Lig (1996) w O -
L (2002) )
R (2003)
T (2006)
HIX (2007) T 2w
X (2008) sl
ER (2010)
& (2010

HLESKE

From 600m dia Beijing South Station to
3km long Capital Airport

In Sustainabi
.:- "__""' y - "\'f

-
R ’ "

."'\ ’ =
!“ﬂ --.. :;‘

70



CTC2014 2014 10

3DHRARE

SHTEE

BB Bl

71



HREARITH A Fir

« BIHER
- LEMHLR

(o) st

CTC2014

ARUP

a4

I

SR ! Patrick MeCattery. GRID

24

mfff.* H 2
F 2RS

o;me :ﬁg

HEFBATIRA R
fF2 T2 Nonh T4 North r
250K = A ‘
N
|

250K

2 WH Efk

Ee
e e

&peoR

w B

I/
350K

N

350K

72

2 T H Bk

2014 10

ERFRARLFME

b
Capitaland

T

Moshe Safdie Associates
G5HIB T AL
HRMTREN (AME2
Bits IR BiHR
A2 T B R ED

e[S leeg (e Ynal

Wik TEARL
i

REMETEEEE | AARRREEE | | SEARBWEARE: |
i - .......7,__ 5 =
P
2 M HBE

EREARITI B BIPhAR
- AR Rt
- ZEER &I

ARUP



FEEREI

EXREHE

~ WA

CTC2014 2014 10
R A
o BT E AR RN
Bt BAR R B S ZBHE BpTHE FiEE

Apas (al) 25 70% 175%
B 225 225 225

. 0.05625 0.1575 039375
T, () 045 045 0.50

* 556 B LIS REOA 25(IN R 22 PP IR B IEH) / 18CMRIRTE 65 Iz BE e H) = 1.39

o BT
2ol ERHE, ALRURAA AR TR AR B AL BN 5 KRR T 51 75 (0284 72
Weo Wi FEIFL 5 ORIHE ST RSO E IRAR SRR AR T R

ARUP % HBHR
HESY ERAHTRAE
TEGE S5 :
LEMTHERER (THRED | S04 | = TEMFAE SV BT A M AR S [ T 4 HEMRES ) TEMTAH G [ 5 A
SHEHERER | s [ [ = |
— 9 CHIERMBERRRE . TR S R, A X \
BEENEESE | o vem wnaT L
L1 CSHEFHER S, SR SERENIE, BHRSXIED 'l =7
HRERERK 10 (T1, T6HiHE, HRp; ST 3%) A |
AL S04 CREHLIE AR 100 g}g;ﬁggzg
N FRTISTo . GEfS R I L350 bRk iz, Hadith, %
RGBSR HUERR S UL BB PR D 2
MERBRH | AsED AR R BHE+BRRE RSB+ RRA
s S y
EREHTRESS [ L4 [
FRTEME O, R 5L UUR L BB M 7 5 4 AR ETABS/YJK/MIDAS Gen/SAP2000
B TEE(TUT6H6FE ) )
it 0.075¢ 4 ZIEBAL: SAP2000/YIK/LS-DYNA
Eaes) =P — U 1
SERWT, 0.456 REHBMRA: LS-DYNA/ABAQUS (ECADIF=HHE])
7 HESH 28

Sl s R

ARUP

Ho R A

EHTFA ARSI R, d6
‘w\ EFR. BRI, B4 A EERATER.

-

ST

[ wwrs
U
bl CHERRD
Tl. T4S I (Tg=0.35s)
T2. T3S. T3N 1, (Tg=0.20s) I
T4N. T5. T6. )i 11T (Tg=0.45s) gﬁmTi’ﬁﬁﬁﬁ(‘*lsﬂ 50) FIHE R

o HR KM

73



T B HE TR AR

CTC2014

L (TL #IED
— OASYS SLOPE Hi%!
— il 18-18°
— WIS, S2, S3 (REfKD ; S4, S5, S6 )

2014 10

2 (T2 ®IE)
— OASYS SLOPE Hi%!
— Mgl 24-24"
— ETENMSINST, S2 (HEFF) : S3, S4 GiEEE)

3 (T3 #IED

— OASYS SLOPE K%

— MR 11

— EFERRINS, 52, 3,54

HEBRR

R4 (T4 Hmi)
— OASYS SLOFE #EE
— W HIE 29-297
— EREESL, 52, 5

HEBRR

S5 (T5 #IED
— OASYS SLOPE #%
— M 34-347
— WERBIS], S2, S3

e

it

A= 165.0m

74




#H%6 (16 M)
— OASYS SLOPE HEST
— MFH 40-40"

— WEfEREEmSL, sz, 52

VRETEAE

FRO-SEHETAN

CTC2014

ik fi=+165.0m

LI
mmmmm———
H ]

EERR

75

2014 10
FEYETHHAR (OASYS SLOPED
AW GiHE | T8 BEnRERs 0.4 ks g3 = BEEELAN
R W B
Ll 1.1575<1.35 1.7449>1.35 15 1.1890<1.35
xE A 1.0769<1.15 1.5142>1.15 xE i 1.0740<1.15
ig— thi 0.9573<1.15 12272115 e hiE 0.9120<1.15
5 1.4531>1.35 1.8442>1.35 h 1.5610=1.35
fi Mg 1.3518>1.15 1.5994>1.15 fi s 1.4110>115
R 1.2002>1.15 1.2964>1.15 hig 1.1970>1.15
] 1.2610<1.35 1.6719>1.35 i 1.2590<1.35
K|z 123325115 14899>1.15 % E 11480<1.15
iR 1.0701<1.15 1.2041>1.15 hR 1.0000<1.15
W WA
L 1.4827>1.35 1.8182>1.35 W 1.4730>1.35
#H 3 1.3575>1.15 1.5676>1.15 #H kN 1.3430>115
G 11779115 1.2668>1.15 i 11510>1.15
W 1.1790<1.35 Hh 1.2740<1.35
k| b 1.1100<1.15 x M 1.1600>1.15
s R 1.0030<1.15 R R 1.0000<1.15
i 1.3850>1.35 Ll 1.4940>1.35
1 E 1.2922>1.15 kil MR 13710115
R 1.1510>1.15 R 1.1920>1.15

BRI e

E:Bichubs &gl

- MRT AL

RGP SRR AN ST (PGSR =, ARMEtEPY) |, RIHPLAXIS 2D
AT T 5 3 AU 2 A R L RS AT oH L2040, 350 T ) B P s

(1D HARE

(@) Bk

ok gy

SR (T4N)

Bk HE
R TR R TR
) (m) (um) (mm)
10-30 30-138 10-40 40-50
a3
TS LA
HEALH HEE HEH +EH
(mm) (m) (um) (mm)
10-30 30-259 10-40 40-50
RSt 2k g
B AR
L HEE L TR
(m) (mm) (mm) (mm)
10-30 30-259 10-40 30-140




- T BB
Ml | SR (T4 N)
B jedzds
BN TR BN RS 042
(mm) (mm) (m) (im)
16-50 50-146 16-50 50-67
L
BAR AU
[§03< 357
HIENE RS 1422 B B8 1422
i (nm) i (nm)
16-50 50-590 16-50 50-75
KR
AR 903
AR TR HEATR HEAE
(mm) (mm) (mm) (mm)
16-50 50-590 16-50 50-440
@) BAR
- DT BALE
B (T2)
B UG
BN LR R B9 1422
(um) () (nm) (nm)
10-40 10-20
L]
B ARG
() B HIEBLR LR IR kR
(mm) (im) (im) (im)
10-40 10-30
FEIRAE
BAR 1903
B HEE B TR
(mm) (mm) (mm) (mm)
10-40 10-118 10-30 20-90

@ Bk

b s

EH AbnD) Pk TS BT 355 THHATI030 ) 2 i SR AT £ K

B | it

[cad il

aRir

Lk

seazamErn

T
g

CTC2014

> PR

2014 10

4T P REE

o 2oy

- R S A

(8031323

e (1)
AR R
HIERE LREAE HIERE R AE:2
(mm) (mm) (mm) (mm)
20-60 10-40
BB
IR AR
I ES2102:7 B HR R
(mm) (mm) (mm) (mm)
20-80 10-40
FEIAE
R i)
HIRRE ER/2:2 B RS AL:2
(mm) (mm) (mm) (mm)
20-60 20-240 10-40 40-114

(@) PR

a2y

i e Y RAE

RERGE SANSSN TN ERR

® FEWERBEHELEBR

76

NG

G R oTIR AT, R
TREHAIT. ZaE, MEd
WHE;

AR, WEARRSEHIE
ERFFAE:

B FARMRA T HBHERE
TEREE, FMETHREATE
AARBH

WFENNHERIITE LFHSH
WSE vt Gbso Hik TRt
P (LRSS R hAfi%
WL T AT, e




CTC2014 2014 10

ERERITR e
o EREERU TEMEE P RAE RAERES AR | 2 e
o EEERETE. AR ERT R
. EBERERMS . KTHARSEEHANLE

bi-2: 4 ﬂ

DR | | \ ‘ : ‘ | | | | R _:.—-:--
L
@ BRTR— MAPEAER - s
Bika etk

i e — ST R
o BUHFIOIRIT, SR v o b A 0] R P PR ST A% e
W R, IR AR AL, e R i

3) LE PO A L R KO

v
i ' ' 1) il TR, T SEBIES A R s,
l | i Tk BRI A 1 RS ATA Ak RLTE L, R TS A
i — ol R RSB WL, LR KR B 5 R T T — 17 DLAE (R
2) TR (EA TR EATITHE, S A R i R R S
— - - - s MDA T

A RECA E A, S bR M T LA AR SO TSR, T LA
: ) _ @%gﬁiﬁ&i%ﬂﬁ@%ﬂma ATy RIS B THRAR I 1SR A R T R AT
(TSRS T .

- \ o 2014F4H2OHAEE R RRINANT, il 7 EHNS20ELNLERK: ¢

AT, B, EWH. TER. BRI, AP, S8LRAEX AT 7
FOE TR TIRIE, S5 R I )E, I FaE MR A e . A%
“ORREE TR VEIEL, ARSRIBIE AR WLV ES .

AR, SIETRR B3R P
o 2014FE8HAH MZEBEI. JFEAR WREDGIAT T A3 3h /5 BRIT /0T
(M TRELEHD il
S SpHhRa e GRS 2 s

RIS &V

e IPartners on Marina Bay Sands
N NN * ARUP
% f‘t ]@ﬁ‘&l‘l‘ *Moshe Safdie Associates
H . Ly
* Aedas Architects _—
* Parson Brinkerhoff .

ARUP “

7



CTC2014 2014 10

» Tower 200m
Introduction > Skypark Length 340m Movement Joint
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Seminar Agenda

I. Introduction to CSiBridge
« Parametric Bridge Modeling — Fast!
« Examples of Projects from Around the World
- - « Bridge Object Superstructure Deck Types
CSi Brldge I1. CSiBridge Bridge Model Types
. . « Concrete Box and Multicell Box Girder bridges
Features and Distinctions T poer rides
Haunch and Spliced Precast I-Girder Bridges
Steel | and U-Girder Bridges
Balanced Cantilever Segmental Bridges
Cable-Stayed Bridges
Suspension Bridges
Advantages of CSiBridge
Powerful Moving Load Analysis both Static and Dynamic
Dynamic Response Spectrum and Response-History Analysis
Automated Seismic Pushover Analysis
Soil-Structure Interaction Modeling
JTGO04-D62 Design Code Checks
Create report using the Advanced Report Writer

Introduction for New CSiBridge Users

e e o o o o

Robert Tovani, P.E., S.E.

i i i i - - . . -
g{! Introduction to CSiBridge JAP2000 14 CI| Introduction to CSiBridge 1o

Examples from Around the World:
Chilean Bridge, Peru

New Chinese Version
CSiBridge 2015

e
O~ AW

- - TYLIN INTERNATIONAL
g{! Introduction to CSiBridge 13 g{_! Introduction to CSiBridge 14

San Francisco-Oakland Bay Bridge

Self-Anchored Suspension Shen-Zhen B“_dg.? (China)

TYLIN INTERNATIONAL

w . P w . - TYLIN INTERNATIONAL
g{! Introduction to CSiBridge 15 g{_! Introduction to CSiBridge 16
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Panama Canal Second Crossing

- . - TYLIN INTERNATIONAL
CI Introduction to CSiBridge 17

Superstructure Types

a Select Beige Deck Secticn Type =
I I | I T 17 | ~L 17
—7 -

TIrIr o
CI Introduction to CSiBridge 18

Complex Geometries
ﬁ?;:

CI Introduction to CSiBridge 18

Segmental Bridge Modeling

CI Introduction to CSiBridge 110

PC I-Girder Types

a Prcant Concrete | Girder

CI Introduction to CSiBridge 111

a |

JTG04-D62 Code Checks

CI Introduction to CSiBridge 112

197



CTC2014 2014 10

View of Girder Shell Stresses Full 3D-Bridge Modeling

et - H_T ST L1}
o oo

Pt e e o ee D 3R o6
B 3 PRREEH e il ss i@t fiTa10-00
Whible Face JC0MET)

Cfi Introduction to CSiBridge

Ll 1-14
or Parametric Bridge Modeling Bent View
Simple Line Object Model
g{i Introduction to CSiBridge 115 g{i ! ! %roductio%togSiB%dge ! ! ! 116

Precast I-Girder Bridges .
Haunch Girder Example

g{l Introduction to CSiBridge 117 g{[ Introduction to CSiBridge 118
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Abutment Support Option

Triple Pendulum Bearing

|
|
|
CI Introduction to CSiBridge 1-19 Cf Introduction to CSiBridge 120
JTGO4 Truck and Lane Loadlng Influence Surfaces
CI Introduction to CSiBridge 191 Cf Introduction to CSiBridge 122
Moving Vehicle Dynamic Analysis Nonlinear Analysis

CJi

Introduction to CSiBridge

1-23
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Automated Pushover Analysis Bent View

Plastic Hinge
Locations

/

Q{_ I Introduction to CSiBridge 125 g{.l Introduction to CSiBridge 126

-7 Foundation Options Mu ti-ncge Seismic Ground Motion Input
i 7
Links, typ [=
] pl,___' :‘“ I:n:_‘-m_
o ==k =
z ’ "/_. =

Link Properties can include Multi-Linear Force
Deformation (P-Y) Data. These can be applied
along the length of a pile in the

U1,U2,U3,R1,R2 and R3 directions to account
for the changing support conditions
cSAP2000 Model

i Introduction to CSiBridge 1-27 c;l Introduction to CSiBridge. T 1

1-28
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