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Lake Pontchartrain Causeway Bridge

38

Traffic development: 3000 veh./day (1956)
3000 veh. / ho (1990)

1. Introduction

Need for a big crossing :
* Traffic requirements
* Strategical reasons

* Economical reasons

Structural types :
* 1 bridge type in a row
* system of bridges

* hybrid type with bridges,
tunnels and islands
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1. Introduction

Ime prijelaza

ma NR Kinz 35,660
King Fahd Causeway 3ahrain/S.Arabije 1986

B P T o T TS i e

most / tunel | Danska/Svedska 16,380

Longest bridge crossings : bridge system or hybrid crossings bridge-

island-tunnel.
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1. Introduction

Ime prijelaza

Drzava

Duljina
(km)

Malezija

24,000

NR Kina

28,000

Qiong Zhou Strait Crossing

most/tunel

NR Kina

32,000

Pearl River Strait Crossing

most/tunnel

NR Kina

Longest planned bridge crossings as : bridge systems or hybrid bridge-island-tunnel

type.
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1. Introduction

Hangzhou Bay
Bridge

[RERE Qatar-Bahrain
LE "'r,gFi.-Jl':-."" Jl'“'""hu
i Al Causeway

Kuwait

Bahrain _IM anama

Riyad uatar Doha

Abu Dhabi

Saudi Arabia UAE
Oman
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2. Limits of ,,feasible span lenghts*

Project phases included in optimization :

Konacni iznos troskova

£ | 1. Procjena trodkova

lzvodenja Horidtenjo

Ukljutanc u istrafivanje | razvo] motodologlje optimizacije velikih premod tonja

Mije ukijjufenc u optimizaciju

Estimation of possible cost overrun 10-25 %

3

>« >

Used project budget 2 - 10 %

Criterium for the most feasible solution :

* economical feasibility (lowest price)

At the end of construction => required budget size is known ( planned budget +

unexpected costs )
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2. Limits of ,,feasible span lenghts*

Ukupna cijena
izvedbe
[DEM /| m?*]

VISEEI %_q___, '/I'\
OVJESENI '_%_ ___;__

SAMDUCASTI bez VUTA

PLOCA T-presjeka "'—'
e
e ©

e i gy

PUMA PLOCA
i :

o S

0

'|' T
1000 2000

Y
Graniéni srednji rasponi

Distribution of limits of feasible span lenghts for different bridge types

according to construction price on traffic surface unit.
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2. Limits of ,,feasible span lenghts*

2. Bridge over Danube Vidin (Bg) — Calafat (Ro)

* bridges

. Immersed tubes

Decision on structure
type:

* Ship channel

* Geological conditions

* Weather condition

* Vicinty of towns
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2 km

2. Limits of ,,feasible span lenghts*

2 km

3.4 km

A

bridge

A 4

A

bridge
8.2 km

Immersed tube, 50m depth

N
L

Bridge Pusan - island Geoje (S.Korea)

* bridges

* Immersed tubes
* Bored tunnels

*  Kombinations

Decision on structure
type:

* Ship channel

* Traffic requirements

* Geologic conditions

* Weather conditions

* Location specialities
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2. Limits of ,,feasible span lenghts*

Var.1 : Bufeni tunel ra Zeljernicu sa shuttle viakovima,0+2
Mjematka Danska

obala

[——— *  bridges

rampa_otver.kop

Danska
ohala

. Immersed tubes
Fﬁﬁ-—"—"—

potopljeni tuneal __jrampa

. combinations

Danska
obala

rampa : ; :
"P2 | pristupni most _| ovieseni | e ISIUE MOST

g S S e TIRT Decision on structure
oalh | il type: :

] T = Fehmarnbelt * Ship channel
* Traffic requirements
* Geologic conditions

* Weather conditions

rampaj  pristupni most _| viseci J pristupni most

Var.4 : Bufenitunel za cestu i Zeljeznicu, 4+2

(Danska—Njemacka)
Var.4.1: Bufeni tunel za cestu i Zeljeznicu, 3+1 chala

ventilacijski otok
= 1 9

; = = R rampa
rampa jotvorenikop bugeni tunel “‘“"”’E’ "‘_“'P_.-F*' * Location Specialities
Var.§ : Potoplieni tunel za cestu i feljeznicu, 442
Var.6.1: Fotopljen] tunel za cestu | 2eljeznicu, 3+1

ovaia . vuntilacij!ki_ntnk - * Addit. structures (€|)

potopljeni tunel
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Freasible bridge types for optimal big

crossing :

* Arch wit hbox section in steel and
concrete
* Continuous box girders in steel and
presstressed concrete
* Suspension bridges in steel
(composite)
* Cable stayed bridges

(steel, concrete, composite,
combinations)

3. Bridge systems for big crossings

Su Tong (Kina), over river Yangtze

Most often bridge combination for big crossing : CBS + continuous girder.
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i Rion Antirlon 1

Cont.girder and M i |

!

\
|
2 ' .
| - |
cable stayed g . ~
B | | ™
) = :
bridge up £ ,
to 2500 m 5 |
= I
|
|
=
* road
* rail 100 200 300 400 500 &S00 TOD BOO 200 1000 1100 1200 1300 1400 1500 1600 1700 1800 1500 2000 2100 2200 2300 2400 2500

Ukupna duljina premo&tenja [m]

& Baton. kont. : cesta (izvedeni) 'y Baton. kont. | eljeznica (izvedeni)
O Ovjedeni beton. : cesta (proratun) | Oviedenl beton.: eljeznica (proratun)
@  Ovjedenl : cesta (lzvedeni) @  Ovjedeni : zeljeznica (izvedeni)
Polynomisch [Beton.kont. : cesta (izvedeni)) Polynomisch (Beton.kont. : deljeznica (izvedeni))
= = = Polynomisch (Ovjeden] baton. : cesta (proradun)) === = Exponentiell (OvjeSani beton.: teljeznica {proratun))
*Expongntiell (Ovjedeni : cesta (izvedeni]) e Exponantiell (Ovjedeni : 2eljeznica (lzvedeni])

Relation : overall crossing length vs. unit construction price.
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* road + rall
Relation of overall crossing lengths and unit construction price.
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Unsure feasible studies :

* problem of ,unhonest numbers”
* rough analyses

* possibility to manipulate

Intentions :

Results :

* phenomena of massive budget
cost - overruns

3. Bridge systems for big crossings

Project budget overruns during
construction in traffic infrastructure :
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Basic proj.decisions
Investment progrm.

Variants investigation

Main dezign solutions
Impact investigation

Constr.permission
Environmental study

Structural details
Construct.methodology

Construction performance

4. Optimization method

Conceptual Design

)

Final Design
Procedure for I
Construction Permission

Detailed Design I

=
o
=
8
E
-
[=N
(@]

* Considering project development

phases
* Optimization during all phases

Optimization method following :

Empirical knowledge + numerical
analysis

Empirical knowledge + costs,
numerical

Empirical knowledge + cost control,
numerical evaluation
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534. Optimization method

Multicriterial analysis wit hqualitative
and quantitative part

Method PPA (,,Potential-Problem-
Analysis“) ebvaluation of negative
scenarios of unexpected happenings

Numerical cost analysis of values of
negative scenarios of unexpected
happenings

0_ Project [conceptual, preliminary, final or
detailed design) I~

* construction methodology defined
" basic construction costs calculated
Y

1_Defining the bevel of probiem
iarce, v ()

d_Dwelining the level of probability of
the: problem, variable (W)

5_Dwfindng owverall lovel of influence
of each problem

&_Cathegerization of prabbem 7_Changing of eritical
influence probiem influences

B_Changes that reduce owerall
problem influsnos

#_Comparison of evaluated and
perminted problem influence

10_Cost analysis : dCi = n * Vi * mindmax [Sdi+Cwi)
Add.costs = scorsnio influence(i] © problemcost

11_Evaluation of imleraction with
othar Jdn-:-lnl problama

'Il‘ Evaluation of problem reducing influsns
using : insurance possibiiites, guaranisss,
relaging :wmr':nldhml #be,

14_Evaluaticn of additional costs

.ﬁ._._.___._ __.ﬁ..
M.

15a_Basic Conts
'Iﬂ Additienal Cosls
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. Design phase :

Basic solution

Overview of dimensions and structural
solutions

Comparison with results of NA and other
similar projects

Changes, improvements

What is missing ?

Negative scenarios of unexpected items
Evaluation of negative scenario
Decision on change

. Design phase :

change of structural detail
improvements and additions

4. Optimization method

1. Design Phase
ﬂ shaping analysis,dimensiofiing
6. FAUST
Optimization Modul

Optimization

2. Bill of Quantity
3. Cost Estimation

4. Basic Costs
5. Total Costs
{ in this design phase )

8. Design Phase
or
Construction

3
&
=
2
LE]
e
=]
=
[=]
|
E
=
(=9
o
.
w
£
=
L
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4. Optimization method

1_Definiranje problema / scenarija I | 2_Principijelna greska u projektu

3_Odredivanje stupnja -
utjecaja problema, varijabla (Ui) Registar R1
4_Odredivanja stupnja vjerojatnosti
pojave problema, varijabla (Vi) Panians sk atiscabu il
vjerojatnosti pojave gojedinog problema
5_Definiranje ukupne razine utjecaja
pojedinog problema
6_Kategorizacija utjecaja 7_Promjena kriti€nih ocjena
problema stupnja utjecaja
8_lzmjene koje snizuju ukupnu
razinu utjecaja problema
9 Usporedba stvarnog s dopust.
razinom utjecaja problema
preko dopustens razine

preko dopustene razine [ promjena ocjena)
{ promjena oplsa)

3
]
3
=]
3
2
[=]
<
=]
=]
w
a
&
3
=)
]
=
&

ewajqoud efesalin | esepyesey juafwosd ewaud

BZI|BUB BUAIBHIEAY
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4. Optimization method

Registar scenarija _1
Kvalitativna analiza

| PODRUCJA | Potpodruéfa |  Opis scenarija _ Utjecaji | Vier. |fakeija| Aktivnostna | prom./|
(br.| | | | T VG | Z0] 80 RS pojavell riedavanju scenarija |dopuna
| | T ey

| Il
| I I O (T Y. [ R . I
Uvjeti | 1.1 |prikljucak na post. _|dodatni radovi na prikjucenju na post. BENENES I prinv. |proracun dodatnin troskova iradova | dop

|lokaliteta prometnice cestovnu mreu

1 _‘1 Tf;ﬁﬁgi-ha na piév_ pmd‘ubliivanjg i prodirenje profila za 1 | 1] s 2 || prihv. |premjer podvednog pmﬁlé? i = et
puta ispod mosta | plovila 1 1 | pregled morskih strujanja i nanosa,
i - |zastita od erozije pokrova temelja
1.3 |udar plovila u stup |radovi na zastiti od udara plovila u | f prihv_|izvedba zadtitinih nasipa
mosta stupmosta i B TS S S ‘plutajucin odbojnika

1.4 |vjetar |utjecaj vietra na gradnju mosta ' | || et | promjena popreznog presjeka, zastita
| — | 413 |2] . T
' [15]potres  |utjecajpotresanagradnjumosta | 4 2 | 3 | 2 | 2 [ 1 prihv. | proviera horizontalnih i vertikalnih pom.
i | 'konstrukcije uvjetovanih potresom
| 2 [Geoloski 2.1 |meki slojevi ;utjecaj mekih naslaga o kojima jos nema | ' [ 3| 17 | 3 ozb. |temeljenje na krajnje mekim slojevima
uvjeti | podataka geotehnickih istrazivanja | | | | | e Sai
|
-I:]é vode  |pojava podzemnih voda i strujanja
|
rasjedi temeljnog | pojava rasjeda u temeljnomtly_
ta |
i i . |
3 IKoncept | 31 Epo_qvog!n_i i yg_!-_tj_glgi_ __I_}g_g_nggg;_igedba pod- i nadvodnog dijela
konstrukcije |  |dio stupova _ |stupa

_|mosta

| 3.2 osloni |pogreske u izvedbi niza oslonaca 112 [ 1 [ 1 [ 1] & | 2 fprihv. numer.proviera na izmjenu / sljeganje | dop. |
| 3.3 poprecni presjek | osjetljivost otvorenih sanducastin [3 1] 3] prihv. |proviera na dinamicke oscilacije | dop. |
il | |presjeka | i | njihovu kombinaciju

‘4 |Tehnologija | 4.1 kliznaoplata | izvedba stupova u Kiiznoj oplati || & priv. |proviera broja oplata u uporabi dop.
__|izvedbe | |stupova |
|

__________i__f},z__;ov]esf kolnigkog 1 ; ' 3 prihv. |proviera na ispadanje'jedn'e-zatege dop. |
| [nosata
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ozbiljno

DR | . soBliinc ozbiljno
pribvatijiye ‘  DaEe ozhiljno
. s Bzbiljno ozbiljno
ozbiljno

ihvatiive . »* bzbiljno azhiljno
=TT L] =TT :
m ozhiljno
] e

; «** ozhiljno ozhiljno

Opis potrebne aktivnosti na rjelavanju problema

bez dodatnih aktivoosti ,
nastaviti s procjenom i izvedbom
" provjeriti da li su moguée promjene u projeku i izvedbi,
nastaviti s procjenom i izvedbom

potreba za urijantni.m projektnim i izvedbenim rjefenjima,

ozbiljno poduzeti mjere za smanjenjem utjecaja u projektiranju i izvedbi

potreba za varijantnim projektnim i izvedbenim rjn!jenjimu._

Levels of influence and
required action

obustavljanje aktivnosti u projektu i izvedbi do primjene novog rjedenja
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4. Optimization method

Numerical evaluation of negative i A

scenarios in economical way : 6. FAUST
Optimization Hndul Optimization

Evaluation of still-stands and costs
that are caused _
3. Cost Estimation

(based on the still-stand duration) :
Cosis
U=V.*P *C,

11§ KL

“V.” - possibility -
8. Design Phase
Cnnlt:.mﬂun

]
L]
=
=

2
[T}
-
o
=
o

=

8

E
—]
(=8
-]
-

£
3

[TH

“P,” - influence

“C,” — cost of a scenario
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4. Optimization method

10_Analiza cijena : dCi = n * Vi * min/max (Cdi+Cvi)
Dod.cijena = utjecaj scenarija (i) * cijena problema

12_Procjena pokrivanja mogucih dodatnih
utjecaja na cijenu putem :
osiguranja, garancija, ugovomnih obveza | sl.

preko dopustens razing

16a_0snovna cijena izvedbe
14_Procjena dodatnih trofkova izvedbe 15b_Dodatni trodkovi izvedbe

dC.=n * V. * min/max (Cd. + Cv)
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4. Optimization method

Registar scenarija _2
Kvantitativna analiza

Br.po
PODRUCIA |na L ’E‘iuml trodkovi |[Vremenski  zasto] Zastoj od [Vremensid Ukupna trokov
mosta_[imin (-} / max (+) Trd  fhovisni trofkovi

[E] € od{dne).  -da (dne) || (€1 rd) ad-€) o€} ad-E) o)

5 & 7 8 ] 10=5'7 11=0"8 13=5"1 2+ 10| 14=5"1276+11)

Unjuti 1.1 | prikfudak na post | 1,00 14 00 3 500 .00 3,500 49,000 ) 385,00 B40 00
Iohalkitela promatnics

dubing na plov 1MM.DFJ i 30, J 2.550,00 6,000,001
Pt ispod miosta

udar plovila u shup 1 ] 276.000,00 E80.000,00
st

wjatar 30, F 207.500,00 425,000,000
peczbras 1 3 b A5, TED,00 10:2.800,00

1 maki siojevi i / : 750,00 23,0:00,00

pedzemne vode . ' 1125, 000

rasjedl iemednog N ' B0, 0Oy
ta

Kancept A1 podvodni | vangki T 300, 000
Mﬁ‘tf‘ubﬁu. dia sfupava
mosia

.ﬂf\.KII'IIH h . 5 54,000, 0:0
popredni presjek . ) 337 , A.715,00

Tehnclagija klizra cqlala ] . ! y 0 80 200,00/
zvedbe | stupova

ovjesi kalnadkog i ) B8.0:00,00
nosada

1.457_255,00
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5. Example from practice

Bridge over Golden Horn in Vladivostok, L = 329,98 +737+ 321.94 = 1388.92m
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6. Conclusion

analyses based on structural project
capacity

structural and economical feasibility
to be evaluted

Optimization method to minimize and
cotrol the project budget

Private financiog or hybrid financing

models

Concessions :

BOT - build-operate-transfer, etc.

DBOT, DBOT, DBOM, or other PPP

types
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