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9.1

CHAPTER9 BRIDGE ALTERNATIVE STUDY AND SELECTION OF THE

RECOMMENDED BRIDGE TYPE FOR THANH TRI BRIDGE

Introduction

‘In this .Chapter the recommended bridge types of the river crossing will be sclected after

the compal ative study on the best route altematxve studied in Chapter 8 Sclection of the
Best Altematwe Route. ' '

The bridge types for the Mam budge and Appioach Budge were plehmmal y selectcd as

fo]lows

Three superstlucture types were stuched for the Mam Budge as Altematwe 1, 2 and 3,
' shown in Flguxe 9.1.1. In addmon plehmmary cost estimate for the cable stayed with
 steel gl_l_der vsgas conducted (Appendlx Chaptex 9. '

L '3 'Alltefhat_i've 1 m'—.m-' PC'"Contihuo'us Box Girdef Bridge

S e (Cantﬂevex Erectlon Method)
Alte'rnative 2' S PC Exnadosed Budge
Aiterna’uve 3 ——-'_4 ----- " pC cable Srtayed_Brldge o

Pile foundation and caisson foundation types were consulted as alternative foundations.

.Apploach Bndge con31sts of Appxoach Budge (1) Apploach Budge (2) and Dykc

N Brldge respechvely
e The optxon for the superstlucture types were as follows

| ( ) Approach Brldge (1) —-~.-- PC Contmuous Box Guder Budgc
) Approach Brldge ) PC Sxmple Girdex Br1dge E :
' (3) Dyke Brldge '-'-'—_;'---4_--—__5 PC Contmuous Box Gndel Brldge &

'_ E The costs compauson f01 lhe 11ver crossmg was conducted mcludmg the Main Brldge_ '
l."and the Approach Br1dge ‘:' : Lo R '

. .The outlme of the Mam Bndge alternanves wele shown in Flgmes 9 2 2 9 3 1 and 9 4.2,
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9.2

9.2.1

.. Bridge Alternative 1 (Main Bridge)
' Sui)erétructure

. The minimum ';pan lcngth was selccted as 130m as mentloned in Chapter 7, 7.3.2

Plcllmmaly Selection of Brldge Type. The economwally appllcwble span lengths of this

" type are generally between 35m and 17()m as mdlcatcd in Flgure 7.3.3.
: Thé comparison study, 1_30m, ISOm and 170m in span lcrlgth,' was conc_lucled.

- Thc constructlon costs mcludmg subetructure and foundatlon were compared showing in

Flgure921
£ |_.40
2
& 130
: 126 - 126
120 - i
110
1.00
0 S 130m 150m 170m

— “Span -

) Flguré 9.2.1'-' Cost_'Co'mpafis_on

. '_ The opt1mum span was determmed as l30m lrom F1E,urc 9 22 Conqldermg topogmphy

922

and hydrologlcal data the span wrrangement and bridge lcnglh were selected as SOm +
_ 4@ 130m + SOm 680m : : :

iSﬁbstructuré/Foﬁndatioﬁ |
W Pe

. 'Th.é:Pl:er lypc for lho Maill.Brlid.ge was detérminod _considerlng following factors: -

Plerq are comtructed in the normal water course of the rwer and the maximum

depth of strcam water w1ll be up 13m in ramy season -

e



- Superstructure consists of PC contmuous box guder (80m+4@130m+80m)
' Superstructure of these spans will result m lange reactions. It is required for
picrs to have htgh degree of 11g1d1(y to resist unpact and eaithquakc forces.
Therefore, the Study 'I‘e'lm has concluded to combine the founddtlons for both

the Hanoi and Gia Lam camageways

- The 32, Sm of budge w1dth will xequne cnosshead to support the supel stmctme '
'~ as shown in Flgule 9.2.3. ' '

- The constraction of piers in the river will disturb the water flow and will cause
: eddies on the down stream side and consequentially scour action will occur.

To minimize scour action, the pier columns will be elliptical in_ shape.

- The calculattons show that scour of the river bed w111 not exceed 6m Wthh
_defmes the level of the foundatlon ' '

- The deslgn force. for shlp/barge 1mpart is 12‘5 tonnes. 1he protectxon system
S w1ll be cons1dered in the detdlled deslgn |

Considermg '1bove mentloned elements the pier type of main brldge was selected as

" shown in Figare 9.2.3.

' (2) Foundation Ty.pe_
T he_ a_veitable option for piles were selected in eheoter 7, as follows;

- Steel pipe pile .- ¢2000 L

- Cast-in- sttu concrete plle B . ¢ 1,500 -.
- $2,000
- ¢2,500

These types of foundatlons were mvesngated and compared mcludmg camon foundat;on ‘
(steel plpe ‘sheet plle) in Tabie 9.2.1. Finally, cast-in- sztu concrete p11e¢2000 was .
“selected as the most suxtable foundatlon type = ' o
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Figure9.2.2  Alternative 1 PC Continuous Box Girder
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9.3.1

932

933

94

941

Bridge Altornative' 2 (Main Bridge)

‘ Superstruétur’e

Increasmg the span of Bridge Alternative 1 to a span of 180 m will necessitate a concrete
box gxrder of 10.5 m in ‘depth. -This depth of construction may causc construction

dlfﬁcultles in Vietnam and the Study Team proposed to use a hybrid concrete box girder
- (known as extradoee in Jqpan) This bridge type incorporates low level cable stays to

increase the effecttve section at the piers, as %hown in Figure 9.3.1. Prestressed concrete
extradosed brtdges are normally considered in the span range of 60 mto 180 m, refer ring .
to Flgure 7.3.4, whtch is w1th1n the span arrangcment under con‘;tderatlon

' For this span the depth of the box girder now reduces to 9. 0 m with concrete towem of _

20 0 m above the deck

Supex‘structure /F ouhd_ation

~ As for Bridge Alternative 1.
" Overall A_sso_ssrttent

PMU Thanh Lo'ng artd the Stecring Comthittee decidéd to remove this‘altemative' from

. _ the ava:labie options (htgher construction cost compared with PC continuous box girder

bndge)

i Bridg‘e A’ltenia'tive 3 (Cable Stay Main Bridge)
Ma't:ériarl- Seleclion
o Two mdtertals types are stru(,turally vmble for cable stay brldgcs in the span range 200 —
' 350 metres cross secttons for both stoel and concrctc are shown i m Fig 9.4.1. However

~as the Study Team has prcv:ou«:ly explamed the qtudy Team considers that factor; exxst |

- in Vletndm which w;il dlctate the chosen matertal from an eCOHOII'llC plospecttve

o '(Secuon 732 (2)) In Tablc 9.4.1 the Study Team has rev1ewed an summarised the

costs

e 'adv‘mtages dnd dtsadvantageq of the two materlat types for the Vietnamese conditions.

_ Followmg thlS rev1ew thc Study Team cons1ders that concretc will result in the most B

g econom:cal cabie etay ‘;olutton con31der1ng the constructlon and long ferm maintenance
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942

Superstructure .

Referring to Figure 7.3.4, maximum span is considered as 300 m. From aesthetic point
of view, the longer span is preferable. To find the most economical écntml span length,

230 m, 260 m and 290 m including substructure and foundation cost.

: the Study Team has undertaken a compamon study on the central span lengths of 200 m,

.Figure 9.4.2 shows that the 260 m of the cem:ral span is the most economical.

1.10,

ol hos| |
o 1.05 S - '
§ } \\( o _

_ : ; 1.01 _
‘ o : ' 1.00
0,95 i A R .
| 200~ 230 260 290

 CENTRAL SPAN (m)

Figufe_ 9.4‘.2 Cdihparison Siudy

The ovcrall ldyout of the proposed brldge is shown in Flgure 9 43. The spdn qhown in

Dcpt Thc 1echmcal data is shown in Appendlx Chapter 9

: .9'—12.

o the f1 gure is comldered to be close to the upper llmxt for a concrete cable stay bridge of -
' the width of dcck proposed The helght of the towers is apprommatcly 95 metres dbovc
' seu level. The he}ght of the towers arc within the limits defined by the Vietnam Aviation
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9.4.3

9.5

Substructure/Foundation

As same as Bridge Alternatives 1.
Approach Bridge -

(- Superstructure.

The a.ppro'ach bﬂdges hiwe been grouped in the following types.

1) Approae_h Bridge (1y: thebr 1dge between the mam river budge and the dyke

B S brtdge :
- 2) Approach Bridge (2) : - the brldg,e between the dyke brtdge and CﬁlthWOlkS

3) Dyke Brldge S -'over the dykes

- The Study Team prev1ously con31dered a number of stmctural forms for these bridges
and after an mvesttgatton which mcluded opttons such as extendmg the form of the main . |
K river brtdge usmg prestreqqed concrete box girder of const'mt depth and usmg, pIECEISl.
] post tent;loned concrete beamx the Study Team proposed the fo!lowmg armngement

3 Approach Bridge(l) SRS

As menttoned in Sectton 9 L, PC contmuous box glrder brtdge was adopted for

Approach Brtdge (1). Further study was carried out to fmd the most economical

Spdll arrdngement The result is shown in Figure 9.5.1. ~Figure 9.5.1 shows that 30
m span arrdngement is the most sultable (economtcal) span among 30, 40, 50 and
-' _60 m span. . ' ' ‘ ' '

1_'10 -

. o IR B 06
DS L — Z

:'<19_?i_'_';'_d1'03 R

100

;_-Costmtfo R o

SPAN (m)
' hgure 9, 5 l Compartson on Span Length

914



~ A continuous constant depth prestressed conerete box 'fbirdel with a span of 50

metles for the bridge structure between the mam bridge dnd dyke structures was
used. A cross section of the bridge is ‘shown in thure 9.5.2 and is deethettcally

- compatible with the main and dyke stractures. The deck can be formed by either

balance cantilever or span by span tcchmques the latter bemg the most usual for -
this span length In this form of constructlon the prestressmg will be continuous
with the vertical posmon of the cable dd_]l.lSth to suit the moment condltton

2) Approach B_ridge (2)

- '_Prcmst beams either mmple supported or made continuous for the live load
: ._ 'condluon with a span of ’30m for the blldge qtructure between the dyke budge and
cmbf\nkment were used. A cross section of the deck is qhown in Flgurc 9.5.3. Thts -
type of comttuctmn has recently been used in the Hano; regton of Vletnam

3y Dyke Bridge

: ,_Dyke authonty requested thdt no pcrmanent or temporary works can mtrude mto_

2)

_. the dykc cmbankment limits. In addttlon the high- %kew at the Thzmh Trl dyke
_results in a span arrangcment of 80+130+80. This results ina structure qmnlar to
- the main river crossmg The layout of the Thanh Trt dyke brtdge is shown m Ptgure :

954, A iongttudma] shift has been mcorpordted w1th1n the deqtgn so as to 11m1t the
length of the main span. - ' IR

; The Gta Lam dyke structure hav. a small skew angle S0 reducmg the main span and

also ehmmatmg the need for a longttudma} Shlft as reqmred in the Thanh Tri dyke
etructure The ldyout of the brtdgc is 5hown in Flgurc 9. 5 5

Substructurc / I"oundatlon
1) Pie_r

- The types of p1ets are determmed fIOITl tollowmg tdeas

a. Approach Brld;__,e (l)

"~ Pier near the normal water course of the Red Rtver are submerged in the
' rdmy season. The type of piers- shal] be elhptlcal in shape takmg mto
conslderatton the mam brldge p1er type to ‘allow compdttbtllty from dn
desthettc v1ew pomt ' - |

9-15
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- Selectlon of foundallon type was mvestrgatcd as same plocedure as main
bridge, flnai!y the cast-in-situ concrete pile ¢ 1 ,500 was selected.

- Superstruéture consists of PC continuous box  girder (sp’m 50 m).

' Comparmg with Main Bridge the react1ons are not as large so the scale of

- plers is not necessary to possess thc hlgh rigidity. Therefore, the

 substructure of Han01 and Gia Lam carrngeway shall be separated from
the aesthetrc view pomt '

- b Approach Bridge (2) .
i. ~Pier
§ Superstructure consists'of pC sirnple girder bridge (span = . 30 m). The
~ reactions from superstructure are further reduced than Approach Brldge (N
The Study Team proposes to use 31m11ar piers to that of Approach Brtdge (1).

"~ The cross sectxon of Approach Brzdge (1) and (2) are shown in Figures 9.5. 2
and 9.5. 3
il Abuim'e'nt__""

- Referrmg the results of slope and ground stabrllty anaiysrs in Chapter 5 the

"_crltlcal helght of embankment is more than 10 m, however, the Study Team

~ considers that the hlgh embankment is not practlcal in the urban area and the -
‘ _-"maxrmum embankment helghl is within 6 7 m. The Approach Bridge (2)
" has been extended to dchreve the maximum herght ‘of embankment. The
-"reversed T-type abutmenl w1ll be the most suitable for this p[‘O_}CCt from
construclabllrty ' R IR ' '

. c .[.)).fkc B_ridge

o The span arrangement of dyke brrdoes are as follows in the prehmmary desrgn

'_.i—lanoi.s'id’e  75m+130m+75m=280m

'_GlaLammde 50m+ 80m+50m 180m
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9.6.1

962

However, further study is required based on the topogrdphical survey results to be
, conducted in the detailed design. Pier types are determined referring the results of
the main br 1dge study.

2) Foundation . .

' -"I he compartson study was carrted out as usmg the same procedure as Mam Brtdge o
, | The Study Team has selected the¢ 1 500 as the foundanon for both Approach :
' Brldge (1), Approach Brldgc (2) and Dyke Brldge The foundatlon loads for the_
o Approach Brtdge (2) are further 1educed than Appro*tch Brtdge (1) and the optlon
of using driven prtes (40cm x 40cm) has been rev1ewed ThlS subject wxll be
con51dered further at the detarlcd design stage but factors at present to note are:-

(a) the contractor W1ll a]ready have equlpment on sxte for bored plles_ |
changmg the constructlon method for a short length of stmcture ‘will
o requlre addltlonal mobthsatlon costs S '

- '(b)r, from our experrence the r:grdrty of precast ptles are less than cast -in- s;tu' |
' bored piles. : B

(c) the usc of drlven plles wrll mcrcase the constructton perlod as more plles '-

are requrred and asa consequence a larger foundatxon size.

Colmpariso'n. on Bridge A!ternatives and'S_election of the Recomntended Bri_dge
_ Type R : B ' -

Pr_oce_dure for the Selection of Recomniehded .Bridge Type i

The selectlon of the reeommended alternatlve was conducted accordmg to the Flgure':

9, 6 i. Procedure for the Selection of the Recommended Alternatlves

Selection of the Recommended B_l_'idge.'Type o ;

3 In step 2 of the Study Team Schedule the de31gn cnterla and formulatton of the brldge _
alternatives were 1nvest1gated Contmuously, in step 3 the techmcal study and -

preltmmary cost est1matton on the bridge altematlves were conducted in Japan then '

. overall eva]uatlon on the selectmn was earned out L



Preparatory Work in Japan

Study on Design Criteria ~ ~ Route Alternative Study

'

Study on Bridge Length,
Bridge Width, Plan and
Profile, Vertical and -
Horizontal Clearance

.~ Design Criteria S P

Selef:tlo_n of Selection of Brldge Alternatives © | “Selection of
Substructure/ : . . . : &
A - » * MainBridge .~ = = |« —— Superstructure
Foundation - . A h Brid Al )
Alternatives - SRR ..pproac Sraee S R temau.\_fes__
Step 2
. 3
Technical Study on Bridge Alternatives
Step 3 ; '
Y :
Preliminary Cost Estimate of Alternatives
- Overall Evaluation" o
* Selection of Recommended Bridge A[téma_tives : .
Figure 9.6.1 = - | Proc'edu'l:e' for the Selection of Recommended Bridge Alternative



Table 961 Summary of Economlc Analysns

Unit of Cost: million Dong L

Deocription S Box Girder Main Cable Stayed Main
‘ Bridge Scheme ' Bridge Scheme
(1) Construction Cost of Highway | 1,390,860 1,390,860
7 and Interchanges_‘ b _ o
(2) Construction Cost of Thanh 2,660,900 3,251,600
TriBridge 2) o : '
|3 Land Acquisition and : : 129,654 : 129,654 - |
_ Resettlement S Sl - .' B
(4) . Engineeringand Supervision | = 283,623 | 34972
Total Financial Cost | 4465037 | . 5097,086
Total Economic Cost | 3984452 | | 4,546,512
Economic Internal Rate of Return - |~ 1255% |~ 1134%
Benefit Cost Ratio | L 0e s .' 093

(discounted at 12 % pcr ycar)

Notes: 1) Packages 2and 3
2) Package | - : -
"~ 3) All costs include 10 % of physrcat contmgency

The 1esult of the economic andlysm 1cvcaled that the Project With box’ girder rrléin"
- bridge design is ]udgcd to be feasible, showmg 12. 55 % of mtemal rate of return which is

hlgher than the opporlumty cost of capltal in Vletnam

(2) Comp'umon of Shon Llsted Brrdge Types
(PC Contmuous Box Grrder Brldge and PC Cab]e Stayed Bndge)

1) . Bridge Typ'é'S'éléctioh Method arld Scoring System R

o Br:dge type seiectlon method followed J apanese governmcnt slandard Thc scormg
(werghtmg) system is shown in Table 9, 6 2 .



- Table 9.6.2  Scoring Systéni in Co;nparisdn Component Evaluation

oA W

IR L Scoring
Component of Evaluation R —
- - - Japanese Standard Adoptced Full Score
Construction Cost L 40-50 _ » 50
Strﬁciural Characteristics - T L : 10
Constructability = 5415 R
Aesthetics - o o 5515 BN L
Mamtenance o515 0 | 10
' Total : o - : 100
~2)  Scoring Méthod
. a) Con'stru'clion Cosf -
o Superior alternative : glvc full score - o _
. Inferior alt_erhative f ' Constructlon Cost of Inferior Altematlve :
- % full s score - -1 | x50
: Construct:on Cost of Supcrlor Alternative

" 'b)  Other Components -

U Good . . give full score

Fair = B 50%0ffullscore

B Poor = - PutO
3)_' ' Evalualion Result

The summary of evaluatton result of companson component is shown in Table -
9,63, s | |

- 4') - Ae'sthetics"df" PC _Ceibie _S._tayéd_Mai.n_ .Br.idge |
i ‘ThlS brldge type w1l1 bc attractwe when v1ewed close from thc rlver banks or boatc;

, but maybc 1nc0nsplcuou‘; when v1ewed frorn dyke roads because of very long

» :appl‘OdCh brldges
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Landmark

The bridge could become an outstanding landmark, hovbevcr it is doubtiul that the _
~ bridge could become a symbol of the capital c1ty of HdIIOI because of rather (;mall
scale of cable stdyed brldge

The maximum top clevat_ion of towers is restricted Within_ 99 m above mean sea
level at Hanoi side to meet the aviation clearance requirement by Vietnam aviation
department and this situation resulted present bridge design.

_5) '_Concluéion g
' The pnorny, as a total evaluatlon for Alternallve ! w1ll not be changed even 1i
'dxffcrent welghtmg factors are ddoptcd w1lhm Japancsc standard for these five
' components of constructmn cost, ~ structural chaxactemhcq comtructablhty,
' aesthctlcs and mamtenance Thus the Study Team recommcndb Alternative 1: PC
| Contmuos Box Girdcr Brldge as the optlmum bndgc type. .
Approach Brid'ge' |

“The following bridge structures are recommended.

‘ Ap'pro'acn 'Bridg.:e_('l.) S PC Continuoue Box Gifdei‘ of Span = 50 m
- Approach Bridge (2) : PC Simple T- Beamn Bndge Span =30 m
~ Dyke Bridge = PC Contmuous Box Girder Budge Span =30 50 m

Cle Cias't-in_'-lsi'tn Concrete Pile ¢ 1,500 m



9.7

Further Studies Required in the Detailed Design Stage

Before the constructron of this pro_|ect the detailed desrgn shall be conducted after the
rcvrcw of the feastbﬂlty study and after the natural condmon smvey .

In the dctarled desrgn stage, there are many items Wthh shall be stud1ed in more detall m'

" order to correspond to the detailed desrgn purposcs " The lmportant matters to be

con31dered in the dctarled design of brrdges are shown as follows

o (l) Natural Condition Survey '_

' TOpographrc survey, soil mvesuoatrons hydrologlcal survey and envrronmcntal lmpact
"survey shall be conducted ' : : ; o

. 1) Topogréph_ic' Survey -

Cove'ri'ng"all of the stud_y areas including in intcrcharigcs, flyovers and frontéige
roads and bridges, the topographic sur\rey shall be carried out. - '

2) . Soil aneStigntion_s
The soil investigations shall be conducted at the locatio'ns'of all bridge ' ﬂyotfer and
cutvert sites. The boring tests shall be carried out to mvestrgdte the depths of the
bearmg strata of the foundatxons at the proposed brrdge and ﬂyover srtes '
3) Hydrolo'gica_l Surv'ey ‘
It may be 1equ1red to review the results of the teasrbrllty study and conduct the

: _hydrologrcal surveymg ordcr to confirm the score depths and poss1b111ty of the o
‘change of normal water course al the proposed of Thanh Tr1 Brrdge ' '

4) Enviromnental Innpéct 'Survey

_It shall be requrred to conduct the cnv1ronmental 1mpact survey at the expectmg

affected sites in accordance wrth the Vietnam’s envrronmental regulatrons The o

results of the survey could be ut1117ed for the detailed and effectlve env1r0nmental -
mitigation measures. = ' '



(2) Review of the Design Criteria

Before commencement of the detailed deslgn, the live loads shall be reviewed (o

determine the scales of structures.'

AASHTO HS 20«44 X 125 % can be adopted basically, however, H30 and XB 80 of
Vretnamese live load codes shall be applred to thc dcugn The loadmg systems slnll be
studied in more deta1l ' '

(3)  Vertical Clearance over the Dyke Roads

In thrs feasrbrhty study, the vertlcal clearance is 4.5 m over the dykc roads, on the
~assumption that the traffic vehicles can pass on the same condttrons before and after the
construction of Thanh Tri Bridge. o

After the subm'ission of Progress Report"(2), the Study Team cooperated with .PMU
: Thanh Long had meetrng with Mlmstry of Agrlculture and Rural Development (MARD)

' regardmg general view (bridge planmng) and MARD agreed the brldge plannmg,
. mcludmg in the vertrcal clearance of 4. 5 m. ' : :

o 'Honre‘ver When the vertical clearance 'over'the dyke roads 'c'c')uld be reduced from 4. .5 m,
the brldge lengths of Approach Bndge (2) can be shortened as a result the construction
- cost can be reduced

T he following'furt_he_r study was_carriegd'o:ut':

' Case 1. Vert1cal elearance deductron from 4, 5 m to 30m :
The brldge evaluahon over the dyke roads can be lower 1 5m (- 45m-3.0
m) than the proposed brrdge The brrdge lengths both Thanh Tri side and Gia
) Lam srde are sh01ten one span = 30 m, lherefore the brrdge lengths of
x _' Approach brldge (2) are shorten 60 m in total B AR : :
-'However on the contrary, the embankment sectlon is longer 6() m than the
5 proposed plan S - '

Case 2; Vertrcal clearance deduehon from 4 ‘S m (o 2—5 m - :
SR "Applyrng the same way of case 1, the brrdge elevauon is reduced 2 0 rn (- 45
o m 2.5 m) The bndge lengths are shorten 2 span = 60 m bolh sldes The
Nbrtdge lengths are shortened 120 m in total an



The following construction costs are changed comparing with the proposed plan.

e Decrease of Approach Bridge (2) construction cost
e Increase of embankment section construction cost

» Additional cost required due to the new detour construction cost

The results of comp’mson study:

The alterations of the total pinect cost comparing with plOpOSCd pian are as follows:

The study regarding this matter shall be conducted in the detailed design.

Case I: -05%
Case2: -1.0%

(4)

Required Coordination with Concerned Agencies
1)  Ministry of Agriculture and Rural Develop'ment
Dyke Bridge at Thanh Tri side will cross the dyke with large skew angle, therefore,

span length becomes extremely' fonger compared with right angle crossing. The
possibility of the construction of foundation inside of the dykes'shali be

~ coordinated with Ministry of Agriculture and Rural Dcvciopment {MARD) in order

to reduce the span length.

The preliminary design of dyke bridges shall be reviewed based on the result of
precise topographlc survey which will be conducted in the detailed design
stage. The review results shall be coordinated with MARD.

2) * Vietnam National Railway

In the detailed design stage, the future railway development plan and the horizontal
and vertical clearances of railway shall be reconfirmed with Vietnam National
Railway. ' | ' '

3) Inland Waterway Burcau of Vietnam

The navigational clearance for Thanh Tri bridge shall be rec_:dhfirmed wi_th Inland

Waterway Burcau of Vietnam at the commencement of the detailed design.
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10.1

CHAPTER10  PRELIMINARY ENGINEERING DESIGN OF HIGHWAY

' Highway Study based on Selected Route

1()11 _ Route Description

The preferred route starts at the existing at- grade intersection of NH-1 and the existing 2

 lane (6 - 8 m) road Wthh connectq the ‘western dyke (Thanh Tri dyke 1o*1d) with NH-1." -

The route pzmes along this ex1st1ng road, which for m the East-West trunk road network

~ in Thanh Tri and the southcrn part of Hanoi. The predommate mfra*;ttucture features

‘tlong thrs road are two g,round water purnpmg st'mom a 35 m long steel brrdge dnd two

- high Voltdge trdnsmtsmon lines. -

L Since many housmg developmcnts are under eomtrucnon in Thanh Tri district along the

"~ line of the exrstmg road rt qhould ’oe apprecxated that this route may result in an

: 1ncreased nnpact to 1nhab1tants in Spltc of decrea‘;mg land acqumtron area. However it is

o p0531ble to relocatc sueh affected houqe‘; adjommg the planned frontdge roads observmg

| .dCIUdl prachees for NH 5 and other pleCClS in Hanor _

So Thuong v1llage at Sta 3+800 is located at the mtersectron w1th the north south Yen

So Mdl Dong road where a school and dense housmg area are found in the’ vrcmrty of

' 1ntersect1on Before connectmg to the western dyke SHTRR is planned to deviate from
 the. exrqtmg road and to pass between resrdentzal areas where a ehurch and patk exist.

| The route of SHTRR then runs northward alono the perlphery of resrdentldl area and

. intrudes into the pxemrse of the cement warehouqe of Chinfon factory m order (o keep ‘

"eufﬁcrent dretdnee lrom Thanh Tri Pagoda the newly developed resrdentml area and
“school at Sta. 5+800 ' ' : :

- SHTRR mtrudes 1nto the dense housmg area at Nam Du Ha in order to keep a suffrerent'
.-'_'dtstance from the on gomg Hanor Water Supply and Enwronment Pro;cct - Stag, 1 A

(1997 - 1999) ﬁnanced by the World Bank, the planned Ba Nhat chemiml factory and the

s hero’s cemetery of Ltnh Nam commune at Std 6+800 A vraduct 18 pianned to mll!lmrze
| dlsruptlon to thrs housmg area. S o

SHTRR is proposed to cross the Red Rrver at the pomt of the TEDI ] route However _'
the route w1ll turn towa.rds the north 150 rn from the orrgmal mtersectrng pomt wrth the



astern dyke to avord the historical herrtage and tombs rn rice fteld (locally called mo”)
in Gia Lam district. SHTRR then runs parallel to ex1strng road and irrigation ‘channcl
which will 1cqur1ed relocated over a | km long stretch.

The route termrnates at the established mterseclron pomt on NH-5 where thc northern

- section of the New NH-1 is berng unplemented with assistance from the Asian

Development Bank

' 'Total length of road between Phap Van on NH 1 and Sar Dong on NH s is estrmated to _

: be approxrrnately 12.2 km where the drstance between dykes is about 2 4()0 m.

1012

Tra:l"flic'Capaci'ty and Reqnired Ntlnrber of Lanes _ o : .:-

(1) . Methodology

: ._The concept 'md methodology used for the hrghway capac;lty anaiysrs were based on the '
_ “Hrghway Capacrty Manual of Hrghway Research Board U S A ? However sornc

adjustment was made to reﬂect local condrtrons based on the results of studies
undertaken by the “Hrghway Research Board Japan (Japanese Standard) since much

g , resemblance is found in type and srze of vehrcles and 1n operatrng condrtrons in Vletnam

and J apan

.The flow dragram in Flgure l() 1 1 shows the procedure and the factors to be consrdered
' _dependmg on the condrtrons of the area type of vehrcle qualrly of the trafﬁc ﬂow and _'
" the cross sectron of the highway. - The standard cross sectron whrch rnﬂuences the
. cap'rcrty is shown in Frgure 10.1. 11 o '

':'(2) ' Bdslc Cap'acity (CB)

‘ Basrc capauty in lhe i apanese Standard is the maxtmum servrce ﬂow rate per lane under '

" 1deal condrtrons of hlghway and traffrc ﬂow The 1deal condrtron 1s only accomplrshed

plOVldmg the fo]lowrngs are met

. Not less than 3.5 ;ﬁ‘rane‘wrdm‘ | )
= Not less than 0.75 m lateral clearance
- _Good geometrrc desrgn

- .- " Only passenger cars runnlng, and

- No speed lrmrt

102



BASIC TRAFFIC CAPACITY
" PER HOUR

ey " EFFECT FROM LANE WIDTH

" EFFECT FROM . o

'LATERAL CLEARANCE BB o |
« EFFECT FROM HEAVY VEHICLE

EFFECT FROM '
CONDITION OF SITE _ o |
B o « OTHER EFFECTS

|PossIBLE TRAFFIC CAPACITY
. PER HOUR

« © SERVICE LEVEL
DESIGN TRAFFIC CAPACITY
PER HOUR

" HEAVY DRECTION ano» l «  PEAK FACTOR
E | oesien TRAFFIC capacy
" PER DAY PER LANE

' Flgurelﬁll Flow l)lagram to Calculate Desngn Traﬂ'lc Capacnty of |
Bt Multllane nghway ' '

SHUTE R



2,200 CU/hr/lanc is recommended for multilane highway in the Japaneée Standard and

this is based on data surveyed at numerous locations on the existing roads in J apan,
(3) Possible Capacity (CL)

Actual road and traffic condmons are dtffelcnt from the 1dcal condmom 'I‘he basic
c*tpacny is adjusted using scveral tactors whtch affect the capacny in order io meet the
expected actual highway condtuons The factors affcctmg bas1c capacny are summanzed _

as follows
: CL_é CB x'yL XYC X PN

Where : e - ; :

; CL= Posbtbie capacxty pel lane (PCU/hl/l'mc)
Cg= Baalc capacny (P(‘U/hr/lane) 2,200

L= Ad]ustment factor for 1estucted lane width
Yo = Adjustment factor for restricted lateral ciearance |
M= Adjustment factm fm 1oad51de development

1) Adjustmen_t Factor for Restrlcted _Lane Wiﬂdth ('yL"=. 1.00) .
In the Japancse Standa1d the nnmmum lane w1dth for mlxed trafﬁc S0 as not to

affect the traffic capacity, is de‘,tgnated to be 3.25 m. The cocfficients of the effect
~of lane w1d_th are as shown below. = . o

Lane Width(m) - - | = Adjustment Index yi.
=325 o | 1.00 (adopted)
300 . Lyt 094 '

275 088

-2) - Adjustment Factof fof Restricted Latcral C'lea'rlance (’YC = 100)

The lateral clearance is the dlstance between the edge of lane and obstacleb such as :

'letammg wall, elch ic pole, guardraﬂ etc

These obstac]e% affect the trafhc capacny 1f they are put w1thm 0 75 m from the
edge of the lane The coeff1uents of the effect from lateral clearance are as shown _'
in Table 10 1. 1 in the case of a multtlane h1ghway (Japanese Standard) .

0-4 o



. Table 10.1.1  Adjustment Factor for Restricted Lateral Clearance

- _ ~ Adjustment Ihdcx'y(‘
Lateral Clealt_"ancé Obstructions on One Side Obstructions on Both Side
of the Roadway of the Roadway
20.75 1.00 1.00
050 | 0.98 095
025 | 095 | o9
000 093 | oss

3) . AdjuStment Factor for Roadside Devélopmént ("ﬂ.:= 1.00)

No mterfercncc rs expected flom oulslde of the hlghway, since SH r RR is access

E controlled expressway type.
&) Adjustment Factor for the Effec of Trucks and Buses (7 = 1.00)

Heavy v'ehicles such as trucks and buses réducc basic traffic éapdcity not only by .
- _the body sme but also by the Ieduced power to weight I‘dth This 1esults in 10we1 _
vchlcle speeds cspecnally on steep and long grades

The'efféct of h.cz‘ivy' thicles .Ol‘.l the traffié Capacity is evaluated by converting one
- hedvy vch]cle to the equwalent number of passengel cars (sedan) which give the

same mfluence to the capacny
- Effecf of thicks and busés is alréady 'cohsideféd in the conversion of ac’l.u'al l.raffic'
- volume (vehxcle/day) mto passcngcr car unit tr’lfflC volume (PCUIday) ‘As seen in

Fagure 453, a converswn factor of 2 0is used for all tlucks and buses.

| The conversmn factor varles dependmg on [he categorlcs of tcuam and landusc :
' (Japanese Standard) ' '

| | . : -_-_Cbn{iérsion Rates
- NumberofLane | * Urban Arcaand Mountainous Area
e D -+ Flat Terrain . R

| Multilane (Divided Highway) | = 20 © | 30



Above converéio'n factor is applicable only for la'r'ge' trucks (gross weight = 8 ton
and more) and buses in accordance with the J apanese Standard. The Study Team

' ddopted the same conversion rate of 2.0 also for light trucks fsuch as small size

pick-up trucks to gve a sllght allowance _
5) A_(ljusttnent Factor for Drit}er Population (yo = 1.00)

In case of the rural highways which _Scwe fo'r"weeke'ﬁcl trovel'ers.'or recreational -
purpose the expressways will be uscd less efficiently._ Drivers are sometimes not |
familiar with the facility and must experience long drive. Atherican HighWéy
Cdpacﬂy Manual recommends the '1dopt10n of fp = 1.00 1n case of the urban
hlg,hwcty whtch is mostly uttllzed by regular weekddy drwetq or commuters : |

Design Cépacity'per Hour (CD) |

Plannmg characten‘;tlcs for the three levels of service are shown in the J apanese Standard :
(Table 10.1. 2) s

| Plannmg level is expressed by the I’dth of the trafﬁc volume (V) and the Possxble o
Capac;ty (C) V/C. ' ' R '

' Table 10.12 - Planning Levels of Service -

Planning Level ~ Adjustment Index (yP) .
. Rural Region b Urban Region -
075 080
2 085 . | . 0%
3 N 1.00 SR 100 S

: ’lht, desxgn tmfﬁc capacxty is calculated by muluplymg ’YP of requlred planmng level to -

' the po‘;SIble tr'tfflc capac1ty

Cl) =CL X Yl’ 2, 200 X O 85 = 1 870 PCU/hrflane

The F1gure 10.1. 2 shows the relattonsh1p between planmng level and peak hour trafﬁc

volume. Summary of the basic cnterla on the trafﬁc condmon in ea.ch planmng level are
as follows: - ' '

. _ 10{_6 : T



TRAFFIC VOLUME  TRAFFIC VOLUME

VEH / HOUR VEH / HOUR
] .
: E,'" ' I PATTERN 3 -
\ I : PATTERN 2
B [ N & PATTERN | '
} R S '
B 2 TN “, | POSSIBLE TRAFFIC CAPACITY
it it il nhl s 77
) H b / :
A0 SRR St SN
-~ I 1
~ : I i .
LR, W R _hg_.....p.d ! / -
AY o8 (= [ 1 .
\ ot o :
\\ 2l2le (I T ;
- Al 1
! o= b :
\ clo [ t
\ ] 1 |

T4 ST 10 TH  30TH ' .
RUNNMG SPEED —~— _ _»QRDER OF THE HOURLY VOLUME

PLANNING LEVEL (V/C)
F igure 1'0;1.2 Plann_ing Level and Hourly T ;-5m¢"v¢sia_mé L

- Blanmng_lﬂ_el_l At the target year of desrgn the annual max1mum peak hour traffic
volume is less than the possrble capacrty per hour Vehrcles in the 30th h1ghest annuai_
houxly volume can keep stable flow at certaln speed o ' |

‘ Elaumng_lmu At the target year of deslgn lOth hrghest annual hourly trafﬁc volume

‘ reaches posstble capacrty and this sometlmes causes serrous trafﬁc jams durmg these

- peak 10 houss. Vehlcles in the 30th hrghest annual hourly volume are dlfﬁeult to keep
umform speeds and the speed changes at random ' IR Lo '

Plannmg_lexelﬁ At the target year of desrgn 3()th hrghest annual hourly traffrc volume

_ exceeds possrble capac1ty and thrs causes serious trafﬁe jams during thcsc peak 30 hours

_ Vehlcles in the flow of the 30th hrghest annual hourly volume is always forced to change o
o =speed and sometrmes is foreed to stop . '

L Even 1f Serv1ce level 3 1s adopted 1t is theorettcally possrble to say that durlng only 30
: 'hours in 1 year ( 8 760 hours) the trafﬁc volume exceeds possrble capacrty

_'-To consrder the v1abrllty of the Project and the adoptabﬂlty of stage development pol1cy,
' _Planmng Level 2 is applled Although an adjustment mdex ('yt*) of 0.90 is specrfled for
E Plannrng Level-2 in case of urban htghways, the Study Team has been adopted more safe
- value of O 85 whrch is compatlble for rural reg1on (refer to Table 10.2. 2)

‘:;_Wl'[h respect to deslgn levels of serv1ce recommendatrons of AASHTO Hrghway'

Capacuy Manual and the Japanese Standard are approx1mately comparable to the -
o followmg V/S ratros : . —



Highway Category

V/C”Ratio

| Standad

AASHTO Urban and Suburban Freeways 0.80
nghway (‘apacuy g F..r e ew.ay‘ ' 0.84 *
Manual ' S

J apanese Standard Urban Expressways 0.90 *#*

Note: *  For level of service Dj see illustration shown below. -
*% For Planning Level-2 '

" Il is unpomm lo no(e thal lcvel of bCl‘VlC@ deslgnanons and cuteua axe not samc cven in
AA‘SIITO and nghway Cdpacuy Manual
_ gcnel dlly apply lower ratio of WC compmed w1th lhe Japancse Stdndald due to tllc wxde

uuluatmn of ldrgel vehlcles

Hlustration Level-of-service D. -~

(4y Design Tr'affic Cépdé_ity p'cr‘Day

Ny K-Fa’ct’or

| The actual traffic ﬂow on highways 8 not always comtant but hdb a characterlstlc
to change by year season, month day and hour dependmg on ihc nature of the

: hlghway

S 10-8°

It s observed thal Americm standdlds .




Normal!y the 30th highest annual hourly traffie volume is applicd for estimation of
the capacity. The conversion factor from daily to hdurly “K” is defined as the ratio
of the 30th h]ghest annual homiy traffic volumc against the average annual daily
.tzafﬁc volume (AAD’!) '

The K- factcn is dependent on the type and dmsuy of thc developrent environment.
'nghW'\y Capac1ty Manual and the Jdpancsc Sldndald suggeqt the following

general average values,

 Standard - Type éféﬂ;if'onnlelml “. - K-Factor -
" |Highway Capacity Manual - | - Urban 3 0.09-0.10
Japanese Standard o - Urban . - 0.076 - 0.082

The Stu'dy Té'din'adopted'o.'()_Q for K-factor.
2) D-Factor -
' Gencn ally tr '1ff1c volume is shown by total volume in wo duechons Howevei the -

uafﬁc volumc in each dncct;on 15 not uqually the sdmc cspecm!ly in 1he morning
' and evemng pedk houls '

The D- factor is dcpéndenl on the type of route survéyed by the highway in
'quexnon Where local data dlc nol available, the foilowmg geneiai average values -
: may be used (nghway quacny Manual)

Type of Route - Lot b o D-Factor

| UrbanRadial .~ | 055
- | Urban Circumferéhtial - . 050

AdoptD Factm 0.55 .

o . 3) Demgn Averdgc Annual Da1ly Tmfﬁc Volumc (Demgn AAD’I‘)

'Demgn AADT (CDD) =

| c:)xm_ls'r()x .,ng 18 900 PCU/day/lane
COKxD o 9SS



)

Where;

 Cop= Design capacity per day (PCU/day/lanc)
- Cp=  Design capacity per hour (PCUIhr/lane)
K= K-factor = 9 %
S D= D—factorzSS %

4)  Summary of Traffic Capacity Analysis

Table 10.1.3 shows summaly of trafﬁc capamty analys1s wnth br1ef notes in each
calculat:on steps _ ' : :

“The trafftc demand forecast and capacity for a 4—lane traveled way is shown in

Flgmes 10.1.3 and 10.1 4

Conclusions -

1 "SHTR’R -

The number of lanes of the through traveled way is recommended to be a total of
four {4) lanes for the both of Thanh Tri and Gla Lam sect1ons of SHTRR

_ Total Capacxty of 4- Lane Through Traveled Way 18,900 X 4 =
75,600 PCU/day ' -

~ This capacxty contains certain allowance compared w1th the rnaxnnum da1]y trafﬁc_' .

_ volume in 2010 (73 200 PCU/day)

2)  Thanh Tri Bridge :

The numbe1 of lanes of the through traveled way is recommended to be bamcally a '
tolal of six (6) lanes (motorcycle lanes separated in 1mt1al stage) for Thanh I‘r1 .
Budge - ' ' S |

Total Capaci'ty"ofe-ll,aneBndgé = 189006 =11 3,46(5 PCU/day

. Thls shows thal the capa01ty has ahght allowance even if compared W1th dally.' '

traffic volume in 2020 (111 ,700 PCU/day)



3)

The increase in numbcr of lanes can bc madc at the on and off mmps sections of
dike road mterchangc% in the framework of detailed demgn For 4 % grade (refer to
footnotc in Tdblc 10.1.3), it is plcfemblc not to adopt in 4-lanc sections to obtain

better vehicle maneuver freedom therefore 6-lane through traveled way will be

extended to both of the’ qald mterchanges

Transition Section between 4-Lane and 6-Lane Through Traveled Ways

Table 10.1.3 _ Summary of Capacity Analysis -

Description Symbol |  Unit Adopted Remarks
Highway Type Ce - | -~ =+ |Urban Expressway
Landuse/Terrain - - Urban/Flat |See Note below
Design Speed - km/hr 100 -

Lane Width - m 3.75

Lateral - |Outer - m 3.00

Clearanc [Inner - m 1,00

e . S _ w

| Basic Capac:lty : Cs . | PCU/rflane | - 2,200  |Multilane highway
Lane Width - 'Y]_, . IR o 1.00 . ' :

. |Lateral Clearance .|  7c - 1.00 -

Adjust | Roadside B B - 1.00

ment  |Development | -

Factors | Large Vehicles YT - 1.00 Trucks and buses
' | Driver Population  { . yp - - 1.00 o

Plannmg Level 2 P - 0.85 - |0.90 in urban region -

L S (Japamse Statldarq_} _______ 4
Possxble Capacny Ci - | PCU/hr/lane 2,200 - |CL=CpeyLeyCeyieyre ’YD
Design Capacity per Hour " Cp | PCU/hr/lane 1,870  [Cp=CLevr :
K-Factor kK % © 9 - |Highway Capdmty Manual
D-Factor D | . % . 55 . |Highway Capacity Manual
Design Average Annual Dally DaaDpT |PCU/day/lanc 18,900 - |Design AADT
Traffic Voiumc ‘ o o = Cp 5,000
. o . K D
Note: The maximum grdde of 3 % hdS bccn ‘Ipplied for SHTRR except for the dpprocich sections of
Thanh Tri Brldge C : . :
- Location L . Maximum L Length of Steep Grade (3-4%)
RTEIE Grade-(%) " Bridge Section (m) Embankment Section {my)
Tha_nh Tr! Side. 40 ' 2'50 apﬁrox. . 100 apprbx.
Gia Lam Side - 40 200 approx. 100 approx. -

-,10_11._
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