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The Stdy on National Highway Bridge Consiruction in the Kingdom of Bhidan

CHAPTER 4 TRAFFIC DEMAND FORECAST
4.1 Results of Traffic Surveys

4.1.1 Outline of Traffic Survey Implenicntation

The purposc of the traffic survey was to analyze the present road traffic conditions in
Bhutan, and to provide a future traffic forecast bascd on the waffic survey for
fundamental data for use in bridge planning and for the feasibility study.

The traffic surveys which were carried out in the Study comprised (1) roadside Q-D
survey, (2) traffic count survey and (3) travel speed survey.

According to the agreement signed in the Minute of Mceting (M/M) for this Stady
dated April 22, 1997, the traffic surveys at selected sites were undertaken by traffic
survey team of PWD in cooperation with the Royal Bhutan Police. Prior to the ficld
survey, orientation for the traffic survey was held by the Study "Peam for the counterpart
staff in charge of traffic survey. Survey methods were instructed in detail to cach field
survey team {each Road Maintenance Division concerned) by lhc.coumcrparl staff by
means of “Manual on Traffic Survey” which was prepared by the Study Team in
advance.

The methads of cach survey are outlined as follows:
{1) Roadside O - D Survey
- Survey Method _
The surveyors stop all vehicles crossing the survey sites for a nioxiiem, and
interview the driver mainly regarding origin (0), destination (D), trip purpose,
ctc.
- Survey Site _
In principle, ten (10) sites on the highway crossing the disteict boundary (sce
Figure 4.1).
- Survey Time
7:00 - 19:00 on the continuous three weekdays --- October 7 (Tuesday), 8
(Wednesday) and 9 (Thursday)

(2) T(afﬁc Count Survey
- Survey Method

The surveyors count vehicles according 10 type crossing the survey site.
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- Survcy Snc
T\wlvc (12) sites (same sites of Roadside O - D Survcy, addmg Tangmachu and
Sunkosh bridge sites) (see Figure 4.1).

- Survey Time
7:00 - 19:00 on two weckdays --- Oct. 7 {Tuesday) and 9 (Thursday) and 600 -
22:00 one v«cckday --- 8 (Wednesday)

R)] Travcl Spccd Survey
- Survcy Method ‘ ‘ ‘
In pnncqplc ihc survcyors drive two round h‘lpS ovcr a ﬁxcd sccllon and record
the drwmg distance and the travel time taken upon crossing the prcdctermmcd

che__ck point. In case of stopping on the way, they record the reason for stopping
and the duration of the stop.

- Survey Road

National flighway Route No. 1,2, 3, 4 and 5.

Although the Indian National nghway (Haqlmaram Rangla sect(on) as the
alternative route for Bhutanese National nghway Roulc No. (East West
national highway) and the access roads 1o Bhulanese national highways were
intended to be surveyed at the stari of the Study, the travel speed survey on
thesc routes was not able to be conduclcd, owing to securily reasons according to
the Indian government.

4.1.2 Survey Results

(1) Roadside O-D Survey

The numbers of surveyed vehicles, by survey station and date, which were interviewed
by the roadside O-D survey, are shown in Table 4.1.

Table 4. 1 Number of Surveycd Vehlclcs

Survey Date 7, Oct. 8, Oct. - 9,0«t.

No. of No. of No. of No. of No.of | - No.of
Surveyed| Effective] Surveyed| Effective | Surveyed | :Effective
Survey Station Vehicles Datal  Vehicles ‘Data| Vehicles| @ Data
No.0j - 239 222 252 23 0 2551 25
No.02 55 55 62 64| 62 62
No.03 28 28 28 28 <281 - 28
No.(4 67 67 391 - 39 . 49 . 48
No.05 21 2] - 13 13 2 21
No.06 33 33 S35 34 0 34 M4
No.07 49 49 - 46 49 58 58
No.08 68 68 68 - 67 57 - 57
No.0g 17 16 131 13 18] - 18|
No. 10 6?2 62 53 53] - - 40| . 40
Total 639 621 609 - 4] 6‘22 620
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The ficld survey data from the roadsidc intéi’\}iew are proccsséd, imd present O-D
tables arc made. The process for establishment of prscnt 0-D tables by vchlclc type is
as follows: - ‘

- The roadside O-D survey in this Study must 'alt(.:m'pt. to‘.acéuratély grasp mainly
the vehicle waffic flow between districts. Acco;dingly',' the p_‘rcs‘ent‘_ 0-D
totalization must be made taking account of the relationship belwpcnﬂc‘e_r{l’crs”‘of
traffic gcne'_rzﬂion and _loca'lio'nls of survey stations along lhek_haliolrl'al“hilg'.hwéy
network, Taking account of accuracy of the sUrvéy'ed O-D lrafﬁé \‘.'ollumeé the
zoning for the totalization based on the addrcss{dmricl and block uml) of origins
and destinations involved in the roads:dc O-D survey is established as shown in
Table 4.2.

- According to the zoning mentioned 1b0vc, the 12-hour O D traffic volumes by
survey station, by survey date and by vehicle type are collected and added by
zone. The vehicle types are as follows:

Two wheeler --- Motor«.,ycleiScooter _ .
Light vehicle ---  Car, Taxi, Pick- -up, nght truck
Heavy vehicle --- Bus, Truck bus, Heavy truck, Special lypc

- Based on the results of the 12-hour and 16-hour traffic count survey, the
expansion factors (16-hour traffic volumes/12-hour traffic volumes): by survey
station and by vehicle type are calculated. Then, each O-D table is estimated by
16-hour traffic volume. |

~ An examination of double check at the mentioned O-D tables; that is checked the
duplicate traffic volumes (repeatedly interviewed vehicles) at cach survey
station, is carncd out, and the O- D pair traffic volumes are adjustcd Then the
whole country O-D tables by survey date dunng three day% which integrate the
O-D tables by survey station and by vehicle type, are established.

- 0-D tables by vehicle type for the whole country are established, based on the
calculation of the average daily 0-D pain traffic volumes.
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Table 4, 2 Zom, Code for Totalization
Zone Code | ° o District .
A Chhukha Ha, Paro, Samtse, Thimphu
B | Gasa, Punakha, megduc Phodrang
C Bumthang -
D Dagana, Tsirang

E Lhuenise
F Mongar
G Sarpang

- H . | Trongsa

I Zhemgang

Pemagathel, Samdrup Jongkhar, Trashigang,
- Yanglse -

9306 | to/from India via Sarpang/Gelephu

9400 | to/from India via Samdrup Yongkhar .

0-D tables for the whole country which are made in accordance with the above process
are shpwn in Tabl_e 4.3 Figure 4.2 is the desire line based on the all-vehicle O-D table.

From Figure 4.2, the ﬁrdsent paltem of intercity trip distribution in Bhutan shows that
Thimphu is the center of trip distribution. Morcover, the intercity traffic demand along
' National Highway Route No. 1 as East-West highway becomes high comparatively.

2) Trafﬁc Count Survey
hgurc 4.3 shows the traffic count survey results.

(3) Travel Speed Survey

The (ravel specd survey results are shown in Figure 4.4. From the survey resulls, the
vehicle running speeds on highway sections with winding and horizontal alignment with
many hairpin bends are naturally low, e.g., Nobding-Trongsa section which includes
Pelela pass, Tron'gsa-Yutongla section and Ura-Thumsingia section{include Thumsingla
pass) on National Highway Routc No. 1, Lamthey-Zhemgang section and Tingtibi-
Surey section on National Highway Route No. 4.

The running times required between major towns from survey resulls are as follows:

Route No. 1 ~ Semtokha- Trongsa (210 Km) 6.3 hours

- g Trongsa— Trashigang (368 Km) L1.1 hours

SRR T Semtokha-Trashigang (578 Km) 17.4 hours
‘Route No.2  Thimphu-Phuntsholing (180 Km) 4.9 hours
Route No. 3 Tras.higan'g'-Samdrup Jon'khar (183 Km) 5.1 hours
Réhte No. 4 Trongsa-Gelephu (258 Km) 7.9 hours
Route Nb. 5 Wangdue Phodrang-Sarpang {]64 Km) 4.8 hours
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. Table4.3 Present O-D Table by Vehicte Type
(Two Wheelers) . : L O ST PR '

A 3] —C D ) & - G H 1 J 3300 | 9400 | Tnpency
A - 42 21 3] ] 0 6l 2 1. 6L b - O 51
ji] - Z M0 1] P 0 Iy 0 0 [ 3
C - 0 of 2 0 3 20 0 [0 11
| - 0 0l -0 0 ?jl 0of -0 [ 8
: - ] 0 U ) U 1) i
I - 0 1 0 6 0 0 14
G - l z U 0 D >
1] - 3 0 0 (4] 10
1 _ . 0 0 0 9
J B - — 0 4] i
REI B S ' _ ‘ . A )
R . ‘ Total 174
{Light Vehicles S ‘ R S - ‘
A B C ) | F [4 tH ! ¥ 9500 | %400 | Tripendy
A - KA J I8 1 ] 10 ! ] D 2 183
B - 19 0 0 1 - 4 0 -1 [0 0 131
€ - 0 1 2 2 7 3 ] [y 0 L&
D - 4] 0] . 6 0 0 0 1] 0 43
E - J [ ] Y P [y 0D ¥
I - U g /T -0 47
G 2 2 0 0 [ - 23
T - 5 ) L 32
[ - ‘ 0 X4 Y T3
J - L 0 .44
9300 | — y) 3
9300 - RS
Total ELY

{Heavy Vcehicles) :
A B C £ E F G H I

-

2300 | 9400 | Tripendq

A [:%] 5 ) [i] 4 [ 3 1 af U KL 99
B - 3 2 0 1] 1 ] 1] 0 ] ) 7)
C - 4] 0 1 2 2 1 1] [1] [1] 17
D o SN O IO ) I N S NN
E 4 0 0 0 20 o [l 6
F - 0 T 4 i} k]| X
G B 3 T 1) [1] [N 25
il - 1 2 ] gfl 20
1 - [1] L i3
] - 1] ‘ (01] : 26
9300 - 2
InG ] . - 4
: ' Total 328
(Al Vehicles) - S R
A [} C 1) E § G H L ] 930G 1 9400 § Trpendy

A - 205 3 25 2 9 16 19] 9] - 11 4] 2 333
B - 11 26 0 { E ] I i 1 (1) FAE
C - 1] | 5 4 12 ] 2 L E a]: 72
1 - [)] K¢ I P [4) 0 [1] B ) [ B - 63
H - 12 [1] T 0 M [}] [1] 21
¥ - 0 4 ] hEID 0 3 58
[ - [ 1T [\ A 4] EX]
H - 9 4 1 i b2
I - 0 0 [i] 37
T [i] [{] fi
9300 ) - . - [§] 6
G400 - b
‘ Total R



The Study on National Highway Bridge Construction in the Kingdom of Bhutan

reN3uorg eia
YIAONI 9
Cové

Tep{Euog/S
‘ToqpeSewad
“FueSwser], fasFue ]

L661 Ut WeyD sury s Ty oINSy

Audoten/3uedreg eia
’ VIANI 01
006

Fuerpoyd anpFaean
BIUnd TS0
q

asjureg ey :
By tored nyderrgy, -
; v ,



The Study on Natioral .'fig!mfzy Bridge Constenction in ihe Kingdom of Blhan

I
Loy o_m fo A %
)  VIANI 8% Pivtd
||rr.r|
e !\MH\_., W i
e ) ” \) N
N et A RN NGFTTTN (1 R Qc O
P A r 2l N s \ i YA
; RN A Y ['Q .
rysEFEwag — | (ge)pE |\ i ¢ Z &
JJ; . !\ IH»@ - hv mm L N fydureey /(V NN \/. .- -
3 o~ o~ 7 [(EL)s9 0z ) ; S - . ..
M. Y Ky 4 \ usomm\w?\. Vo oy S
. ” ; ~ LAY Sl T e
ﬂw‘ . 3 . m&gﬂw woozmﬂ R .u O oy ;qu:-.vhﬁ VIANI
Buedtgsvil. -.I e S ’ . . v l./ B - T
p or / . \ oM uuﬂomi / Fuespoyy d \\A . l1ly4JﬂU f/. .
&Emégﬁﬁh o 09) €6 N e\ . . s f. J o< @ ] VNIHO .
o oBpug YSONUMS TUONY . 79 ‘ N . NI E%WTF/. ‘8&. H. L S e
Krepunoq SuzSnyses] -FRBUCIN QTON 1 OAM ) sl &l Vel e \ B L b Ve )
ogsmy 600N R, (ou)gl|  wme »/ TN oo NG ho <
Sy 30°ON BT W L1 : /.ExdE& aszyzsz \ .
Ampunoq Suequung-rsiucsL L0ON YRt N o G0N p / 34 N 6£T ) \
| RPSIEIN 900N a VAL 833 RS2 e IO
Arepunoq Surdwayz-esuea] GOON VIANI w ot / &t L /5 \.‘ g 10 ,?J ﬁM\ .
BSTUOSL IO 159N, POFON N e / L0 ON s . o a
.. nyerect $0ON VNIHD m Lﬁ Le) MM V ﬂ .I“HQ N / FeD \N L
(2SAQOTIEUISSTIAL 3O 1SIAN TOON < \\ N / S
: UG Asaing \, —_ 4
N i .,\l:
PO 6 1m0 vivsse W / N
(SINOH 91) 120 '8 : PPN THONYN ¥ IO N, o
100 4L ¢ seddpy N T

s1nsay ASAIng 1UNODH Odljjell

¢y 2m3Lg

ANFOTT

VYNIHO




The Siudy on National Hlighway Bridge Construction in the Kingdam of Rhutan

(1661 120-"dag) uondag peoy Aq peadg Surmy ¢y 2nSlg

S 3 eRIse
viZuey (¢g) (00) ediriues (o) Unwsty (00 (o) 1SeH
b 4 «£7R2 uﬂa ' IT * A0'EL R ﬂ,._pﬂalm R 4
e ) (5¢) ) {21}
P VIGNT s ~LES v
........ g mepserg T —m—— N s & M, wu p o—— mc:a%
(81} gy w9
43 o) 0% @
——@3rpoeQ Aamg @ nydweg g
(g} e 1230
s (60) L8
e ‘
$'8T
F yroNung
atofugasl “Surratly Jo sousuadya waquFusy, F Mom..w.
1SO1T] S UO  PErSeq SEFCIS MRUILA0T souvanyg 1w
£q parrwnss a1 Avmydng [eUOTITU 35UTINYY Ol SPRCL
ssa00t Syt put Avmyln [ruonTy uepl] O SIMIT . P NON (55} ()
“ s Rz
63€ wROTD @
(wryypoumst Futuny 93e1day 1 (29
. v e Fuednngy @
@ Suczuropy, ppeads Sutuny A3riaay 1 61
[t : nyonuey r %wm
(79)
Qmm &'l
L
fomuc @ ” {97
@ Sumery ©6) URZTLD) i e -
¢ir
: (57)
= {£S) b
) €5t L
vn Buipqon i ‘
o Sz @50 e 98 @9 @ o 0 4 ue 7 ) (g) AT (zg)
e I R A AT A AT ) TTx TR A
FoRSmL R0 @ effusw L Teef eduoiny wsduoly, Furipoy /s
0'se
nyseuduey
(L1)
8'8¢



The Suedy an National lHighway Bridge Constrnction in the Kingdom of Bhutan
4.2 General Outline of Traffic Forecast

A method for irafﬁc demand forecast will gcncrall'y be cxdmincd through_‘l'hc analysis of
the relations " between  present  Origin-Destination  (O-D)  table and  current
sociocconomic data by zonc{arca). The process is as follows:

(Step 1)

- to make the present modcll's, ie., lﬁp generation model, trip dis.lrib\;l;tion mode! and
trip assignment model, through analysis of rclations between raffic volumes and
sociocconontic figures by zone.

(Step 2)

- to estimate future socioeconomic data by zone based on the future socioeconomic
framework mentioned in section 2.2,

- 1o forecast future trip gencration by zone by substituting future socioeconomic

~ figures by zone to trip generation model.
(Step 3) _
- 1o forecast future trip distribution (future O-D table).
(Step 4)

- toassign future traffic volumes on the road network.

The process for traffic forecast mentioned above is shown in Figure 4.5,

Traffic Survey Current Socioeconomic Data Future Sociocconomic Dat:l
Present O-D Table
—
Model Analysis l
r Future Sociocconomic Data by Zone

Futuee Trip Generation by Zone

'

Future Trip Distribution
{Futurc O-D Tablc)

r _ FutureRoad Net work
Future Traffic Volumes by Road Section

Figure 4.5 Flowchart of Traffic For{;a'i:ast
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4.3 Future Road Network
4.3.1 Existing Futurc Plan for Road Sector

Bhutan’s steep and fragite terrain, a lack of trained and skilled manpower, and
budgetary limitations combine to present a serious challenge to the construction and
maintenance of read.

Taking account of the present situations in the road sector, the objectives and programs
for road development are described as follows in the document of the 8FYP:

(1} Objectives
- To develop a sustainable and regionally balanced road network that is safe,
convenicnt and economical (o use;
- To preserve the past capital investment in road, reduce cost of vehicle operation
and the travel time of road usets and develop road construction and maintenance
(resurfacing) capabilitics in the private sector.

(2) Programs
For programs in road development, please refer to the Section 3.2 (Road Development
Plan).

4.3.2 Future Road Network

According to the road development pfan mentioned above, it can be scen that the
existing trunk road network is not changed greatly by new road construction programs,
since the programs aim mainly to improve accessibility of rural communities through the

expansion of district and feeder road networsk.

- Accordingly, the future trunk road network in this Study is fundamentally the same as
shown in Figurc 2.5.

C4-11
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4.4 Future O-D‘ Matrices
4.4.1 M.ode! Analysis

As memloncd above m Section 2 (Stcp 1), 1he makmg of a present model is

altcmptcd lhmugh analys&s ‘of relations between the present traific volumes and
socioeconomic figures by zone.

H Tr:p gencranon model .
Trip gencration models ‘are analyzed based on the rclanon belwccn the cumm trip
gcncral:on by ?onc and thc total and urban populahon by zone, as populatlon data was
the only zonal socmeconomrc data that could be obtained. The results of trip gencration
mode] analysis are as follows: .
- The correlations between the current trip gcnc:allon by zone and the total and
urban population by zone are low, shown in Figure 4.6.

- The making of trip generalion models is difficult due to the large dispersion of
data.

(2) Trip distnbuuon model
As developmenl plans have contributed to the generation of large traffic volumes and
due to the fact that the road development plans related to major changes in road

network conditions are unknown, a present pattern method as trip distribution model is
adopted in principle.

4.4.2 Future O-D Matrix Forecast

Taking acceunt the results of model analysis into consideration, the future O-D matrix
forecasts in this Study are carried out by the following process: '

- On account of the limited information on socioéconomi.q dlata__h.y‘ zone, only
population data can be used for a index of growth ralglcslil_nzitcsj of traf} ﬁ'c,volq'rries.
The future population by zone in the ye’ir 2000, 2005, 2010, 2015 and 2020 v&crc
forecsated by the mclhods of cxammahon which rt,ﬂcclcd lhc changmg rates of
composition ratio of populauon by zone bctwecn the 1980 census dala and the
1995 LLUPP Dzongkhag data (sece 'Table 4.4). For cxamplc, the formu!as for
estimates of population by district in 2000 and 2005 are as follows:
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(Trip Generalion and Total Population)

350
300

o S &
g 3 &
L 4

Trip Generation

=)
S

*

h
<&

*

)

» 3
.

1 A 1

@

0 50000 100000 150000 200000
Total Population

(Trip Generation and Urban Popuration)

350
300

Trip Generation

- = 2 N

LA 8 W ] oh
= & & &
.

L

20000 40000 60000 80000
Urban Population

0

*

b2
?
0

Figure 4.6 Correlation between Trip Generation and Population
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(20()0 ye ar)

POP200 i = POP2000 X { Bzooo i IEBzooo i )

Baooo i = POPI1sss i x POP200o IP0P1995 x A j 00185

A i ={(POPisss i/ ZPOP1%s i} / (POP19so i / T POPI980 1)} 111995 1950
{2005 ycar)

POP200s i = POP200s X ( B2oos i /X Baoos i )

Baoosi = POP199s i X POono:i I POP1sos x A i 2% %)

A ={{POP2a0 i/ L POP2000 i) / (POP1sss i / B POP|995 i)} ”(m ‘99"

where, POP1sso i, POP1sss i, POP200o i and POP20o0s i : Popnlahon by distncl in 1980,
1995, 2000 & 2005 _
POPioss, POP2000 and POP20os : Total population in 1993, 2600 & 2.0(]5

- The growth rates of trip generation by zone arc_calculaiecl by geomelrical means
belween population growth rates by zone and vehicle ownership growlh ratcs as

mentioned above in Section 2.2 (Future Sociceconomic Framework). The
calculation fomuta is as follows:

TRi = YPRi x VR

where, TRi : Growih rate of trip gencr'atlion by zone
PRi : Growth rate of population by zone
VR : Growth rate of vehicle ownesship

- Fulure O-D matrices are eslimated by multiplying the elements of the present O-
D matsix by geometrical means of trip generation growth rates by zone. The
calculation formuta is as follows: '

FODij=PODijx VTRix TRj _

where, FODij: Future O-D pair volume belween i zone and j zone
POD ij : Present O-D pair volume between i zone and jzone
TRi and TRj : Trip generation giowth rate of zone i and zone §
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The future O-D matrices for 2020 csumatcd accordmg to the abovc process arc shown
in Table 4.5. Flgurc 4.7 shows lhe desire line chart for 2020,

| Tabxe 4.5 Futire 0-D Malr;cles in 2020
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Figure 4.7 Desire Line Chart in 2020
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4.5 Future Traffic Demand on National llighwa:y Sections

FFuture lmﬂlc volumes on the nalmnal h:ghway scclmns arc estimated by trafﬁc
1551gnmem calculation, whlch is a proceduro of ass;gmng future O-D matrix to a

highway neiwork. This procedurc rcqmres as input, the complete description of the
future highway network and futuce O- D matrix.

The assignment method '%pphui herc is what is called “'111 -or- nolhmg mclhod" in which
all the vehicles for a certain O-D pair drc assngned the shortest route among the
possible route alternatives.

The reason why this method is app]ied come fro;ﬁ folloﬁ*ing éhara&terislics in highway
traffic in the Study area: :
- Traffic volumes on most of the hlghways in thc Study arca are far below the level
of capacity.

- The road network in the Sludy area is rather snnplc due (o low densny of roads in
this country.

Morcover, the precondilions for the |rafﬁc assngnmcm calculallon arc, as foilows
- PFuture highway network for traffic assngnmcnt is Lomposed of lhe exnstmg
highway network in Bhutan and a part of the Indian hig‘nway wh1ch is the
alternative route for the east- west hxghway (Routc No.1) (rcfcr to F;gurc 4.4),
- Running speed levels by vehicle type arc the solc parameter in the case of
assignment of all-or-nothing m‘eh}od_._ Vchiclé running spccds by n-c'l\#'o;rlk seclion
obtained by the Travel Spcéd_ S_'urvéy are applied for this purposc_ (sce Figurc 4.4).

Figure 4.8 shows the results of traffic assignment for 2020, It is nccessary lo note that
the assigned traffic volumes are npot mciuded lhe lrafhc vo]umcs movmg within the

zones, as the O-D matrixes ate composed only of thosc bctwcen ?ones

The assigned fraffic volumes passsng {,ach Projcct Bndgc acwrdmg to traffic
assignment in 2020 arc shown below: R
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No. 1  Kurizampa 169
No. 2 Chamkar Zam 169
No.3 Bijee 388
No.4 Wachy Zam 388
No.5 Mangdichu 76
No.6 Wangdigang 90
No. 8 lshigaﬁgchu 90
No.10 Lawakha 299
No.16  Wakleylar 299
No.17  Mechikhola 299
No.21 Tangmachu 78
No.22  Sunkosh 117 (multiplied traffic count data by growth rate of traffic

generation for Dagana)

As mentioned above, the real traffic volumes passing cach bridge, cspecially Chamkar
Zam and Bjee bridge nearby urban area, will be more than these traffic volumes
assigned, since intra city traffic will be added.
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The Study on National Mighway Bridge Constriction in the Kingdom of Bhutan
CHAI;TER 5 :SE-L.EC'I‘.ION. OF ﬁRlDCF.S FOR THE FEASIBILITY STUDY
5.1 Prcliminarjw Identification of Bridges
5.1.1 Present Conﬂilidn of I;:'idgcs

I order to study the present condition of 22 bridges, preliminary and detailed bridge ficld
surveys were conducted in the tst Field Survey Stage.

(N P‘rcli‘mil.lary Bﬁdgc Survcy ‘

The preliminary bridge survey was carricd out for 22 bridges to verify their locations,
accessibililjf and cnvi'ronmcnial aspects. The major purpose of this survey was (o
mvcsllgate: ihe prt,scnt condition of bridges.

Also the r»su]ls of the pn,l:mmary bridge survey was used to obtain information on
cxns(mg budgc nmnlcnance and managemem systems, and work petformed by PWD

At the’ same time the nitial Environment Evaluation (JEE) was carried out for 22 bmlgcs
to obtain current cnvsronmcmal situation of the bridge sites and susrounding areas.

2) ‘De:‘a;l'cd' 'B‘ridg'e Survey

After she results of the brclimi:ﬁr}v bridge survey were analyzed, the detailed bridge survey
was carried out to clanl‘y the details of the present conditions of the 22 bridges.

Oulhnes of twenly two brldgus are shown in Appendix-A.

_ 3). Bridge lm’c'nt‘ory and Inspection Forms
Thcj fdl[oWing papers were prepared for all 22 bridges, as reference materials for the
selection of bridges urgently sequiring replacement from the engineering point of view,

- Bridge Inventory

- Bridge Inspection Form

- Photographs :

Thcsc documents are shown in Appcndlx -C.
A list df 22 brﬁi'dgés i_s shown in Table 5.1
: (4) Detalled Bndgc Sl(c Survcy in Winter Season

In ordcr to obtam the snc condmom and t:ansportallon condmom detailed bridge survey
was conduclcd in }cbmary 1998 The pholograph': are shown in Appendix-B.
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5.1.2  Criteria of Preliminary Sefeclion

The following factors have been considered as criteria for preliminary sclection of
bridges deemed to be in greatest need of replacement.

- Prg:sk:nt capacity of bridges to the live load

- Age of bridges _ _

- Evaluation of Bridgc Da.mage Raling

- Relation between Sag and span length

- Socioeconomic conditions around the bridge sites

(1) Present éapacity of bridges to the live load

PWD maiatains 22 bridges and specifies their present capacily. All bridges except Bridge
Nos.7 and 17 are Bailey bridges, which arc commonly used as temporary structures.

The present loading capacity is shown in Table 5.1. Bridges with limited load capacity of
less than 15 tons are recommended for replacement as soon as possible, since the average
weight of vehicles passing national highways at present is 15 tons or more.

(2) Ageof bri‘dges

The de-s‘ign life of Bailey bridges is usually said to be I5 1o 20 years. Years of completion
and ages of bridges are shown in Table 5.1.

In light of this, since Bridges Nos. 1 to & were constructed 24 or more years ago, it is
recommended that these bridges should be replaced as soon as possible.

(3} Evaluation of Bridge Damage Rating
To clarify the state of deterioration of structures, the following system was employed in
rating the amount of bridge damage.

Rate

l No dam'agc found as result of inspection
2 Dgri]dgc found and requires routine maintenance and inspection
3 . Damage _i.s cr.itic_al‘ and requires a detailed inspection to determine
' ' necessity qf rehabilitation work.
4 'Dafn'égé is highly critical and urgently requires rchabilitation
work, load limitation or replacement.
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Weighted Factor
Damage ratmg for cach bridge was Carrlcd out by cvaluatmg lhc damage of cach slructural
part. A Wolghled Factor was sclected for each struclural part, based on its importance and

difficulty of partial replacement.

The Weighted Factor for cach structural parl is determined as follows:

\ L I .

Superstructure Main beam and deck frame 1.0
Tower, cables, anchqragé and hanger ropes 1.0
Pavement, timber slab and curb 0.5
Substructure Abutment 1.0
Wing wall 0.5
River bank 0.5
Approach ' 0.5
Bearing Bearing 0.8

The Damage Rating is catculated by multiplying the Rate by the Welghted Factor of cach
part, and the geeatest value among the three (superstructure, substructurb bcanng) is
choscn as the Bridge Damage Rating.

Resulls of damage rating for the 22 bridges are shown in Table 5.2. Duc to the critical
amount of damage involved, bridges with a Damage Rating of greater than 3 are
recommended fo be replaced as soon as possible.

(4) Relation belween sag and span fengih for unloaded brid ge

The Bailey bridge is very flexible structure. Mclhod of maintenance and load ru;{r:cllon
are specificd strictly, as md:calgd in “Manual of Ba:!ey Bl’ldng” fhereforc, it is essential
to know the strength of bridges i in n,gards lo the sag/span lcnglh ratio, which is shown in
Table 5.3. The sag and span length of cach brldgc was measured by (he Sludy Tcam
Budgc Nos. 6 and 8 have sag/span ratio of grcatcr than 1/200 and are under \cry dwngerous
conditions, thercfore it s recommended that these bndgcs should bc replaced or rcmforccd
al the soonest opportunity.

5_4 ..u
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3 Soczocconomlc Condmons amund Bridge SllC‘;

In %clcclmg the bfldgtS urgcnlly nccdmg 1cphccment it is essential to study not only the
technicat point of view buj also the sociocconomic point of view. The survey of social and
cconomic conditioné around the 22 bridge sites to identily the role of cach bridge in the
surroundmg co:nmumly was carried out with the purpose of serving as a factor of selection
criteria. The survey was conducted by intervicwing the local government staff and
residents nearby each br:dgc site.

The survey resulls are shown in Table 3.4, From the results # was found that there are
many public faci.l‘_iiics at bridgc sites, such as No.] Kurizampa, No.2 Chankar Zam, No.3
Bjee, No.5 Mangdichu and No.2i Tangnmchu.' Moreover, many residences are located
near Bridges No.2 Chankar Zam, No.3 Bjee, No.4 Wachy Zam, No.5 Mangdichu, and
No.8 Ishigangchu.

Although il is vcry dif ﬁcull to weight the sociocconomic factor, based on the
socioeconomic data shown in Table S A4, following bridges are the most important among
the 22 brldgcs at prcscm.

Bndgc No 1 Kurizampa

Bridge NO.2 Chamkar Zam
Bridge No.3 Bjce

Bridge No.4 Wachy Zam
Bridge No.5 Mangdichu
Bridge No.8 Ishigangchu
Bridge No.21 Tangmachu
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5.1.3  Identification of Bridges which nced Urgent Replacement

tn accordance with the criteria for preliminary selection described in 5.1.2, following
bridges were sclected as vrgent need of replacement.

{Nole: * indicates major factor of selection.)

(1) Br.No. I Kurizampa Bridge on National Highway Route (NH ) No. 1

- Limit of load capacity: 5 tons*

- Age: 20 years *
- Damage rating: 3.0%

- Sag/span: 11250

- Socioeconomic point: High*

5-ton limit and 3.0 damage rating were major factors in sclecting this bridge (o be included
among those in urgent necd of replacement.

(2) Br. No.2 Chamkar Zam Bridge on NH No.}

- Limit of load capacity: 3 tons*

- Age: 24 years*
- Damage rating: 3.3%

- Sag/span: 1/279

- Secioeconontic point: High*

5 ton limit and 3.3 damage rating were major factors in selecting this bridge to be included
among those in urgent need of replacement,

(3) Br.No.3 Bjee Bridge on NH No.1

- Limit of load capacity: 9 tons*

- Age: 28 years *

- Damage rating: 4.0(worst) *
- Sagfspan: 1/250

- Socioeconomic point: fow

The 4.0 damage rating was the worst among all bridges studied.  This bridge must be
replaced as soon as possible.

(4) Br. No.4 Wachy Zam Bridge on NH No. 1

- Limit of load capacily: 18 tons*
- Age: _ 28 years *
- Damage rating: : 4.0*
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- Saglspan- 11209

- Socioeconomic pom{ - High* _
4.0 d'mngc rating is worst. Limited load cap'zcny of 18 tons c.ccmq rather h:gh cmmdcrmg
the existing conditions. Thereforce this bridge is included among the twelve in urgcnt need
of replacement.

{5) Br.No.5 Mangdichﬁ Bridge on NH No.4

- Limit of load capacity: 4 ton*

- Age: 32 years*®

- Damage rating: 3.7* :

- Sag?span': N/A ( Not applicable duc to suspcnsmn bndgc)
- Sociocconomic point: High*

4-ton limit of load capacity is very small, The 3.7 dama'ge rating is the factor for
replaceinent.

(6) Br. No.6 Wangdigangchu Bridge on Nﬁ No.4

- Limit of Yoad capacity: 15 tons

- Age: 28 years*®
- Damage rating: 4.0*

- Sag/span: 1/189*

- Socioeconomic point: Low

Damage rating of 4.0 is the worst. A dangerous sag/span of 1/189 was the major factor for
sclection.

{7) Br. No. 8 Ishigangchu Bridge on NH No .4

- Limit of load capacity: I5 tons
- Age: S years
- Damage rating: 3.0%

- Sag/span: 1/135%
- Socioeconoinic poinl: High*

Sag/span of I/135 is quite large, and damage rating of 3.0 is great enough fo be considered
as factor for selection.

(8) Br.No.10 Lawakha Bridge on NH No.5

- Limit of toad capacity: 18 tons*

- Age: 9 years

- Damage rating: 3'..3* ,

- Sag/span: Negligible

s-w00
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- Socioeconomie point: Low
3.3 damage rating is great, meriting inclusion among the twelve bridges.

(9) Br. No.16 Wakhaleytar Bridge on NH No.5

- Limit of load capacity: 12 tons*

- Age: 10 years

- Damage rating: 2.0

- Sag/span: N/A (Not applicable due to suspension bridge)
- Sociocconomic point: Low

This bridge is included among the twelve duc to its substandard load capacity.

(10) Br. No.17 Mcchikhola Bridge on NH No.5

- Limit of load capacity: 8 tons*

- Age: 7 years

- Damage rating: 1.2

- Sag/span: Negligible
- Socioeconomic point: Low

This bridge is included among the twelve due to its substandard load capacity.

(11) Br. No.21 Tangmachu Bridge on NH Mongar to Lhentse

- Limit of load capacity: 12 tons*

- Age: 15 years

- Damage rating: 2.4

- Sag/span: N/A (Not applicable due to suspension bridge)
- Socioeconomic point: High*

This bridge is included among the twelve due to its substandard load capacity.

(12) Br. No.22 Sunkosh Bridge on NH No.5

- Limit of load capacity: 12 tons*

- Age: 15 years

- Pamage rating: 24

- Sa'g?span: N/A (Not applicable due to suspension bridge)
- Sociocc_onomic poini: Low

This bridge is included among the twelve due to iis substandard load capacity.

The smmnary of the resulis is shown in Table 5.5.
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In a conclusion, the following bridges were chosen as those in urgent need of replacement,
and were studied in order to select the priority projects, the purpose of which is to carry out
a feasibility study.

1 Kurizampa

2 Chamkar Zam
3 Bjee _

4 Wachy Zam
5 Mangdichu

6 Wangdigang
8 Ishigangchu
10 Lawakha

16 Wakleytar

17 Mechikhola
21 Tangmachu
22 Sunkosh

S5-12
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5.2 Crileria Formulation for Priority Projccts Selection

In the course of sclcchng the prlm lly prOJccts (prlorlty bndges) among ihc twelve brldges
requiring early rcphcement the to]lowmg pomls were consxdcred, as dcscnbed in the
Inception Report. ‘

* Existing statc

Bridge function - Road capacﬂy in regards to lhe cmstmg !rafﬁc volumc
- Prcscncc of s;dcwalk for pcdcslnans
- C'lpacuy in regards to the existing traffic loadmg
- Possibility of entarging of bridges

Bridge structure - Bridge damagc rating
- Possibility of strengthening of mémbers

Approachroads - Condition of access and approach to bndges
- Availability of alternative route

+ Benefit of new bridges

Road network - Umform load capacity
Uniform limit of load capacity along lhc same roulc is vllal to road
function. L
In the case of Nahona] nghway Roule No 1 whlch has four bndges
No.b to Nod4, all bridges rnust be 1mproved ot rep]accd
simultancously. Any bndgc left as it is, will cause a major hollleneck
along the route. ‘

Social effects - Benefit to public
- Access 1o pubhc facilities, ete.

- Poss:blmy ofqmck rescue in case of disaster

Economic effect - Economic effect

5-14
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* Bridge construction

Socioeconomic Effects on Enviroﬂment
- Benefil to population
- Environmchlal'pollulion and effect on animals and vegetation
- Detrimental effects

Selection criteria will consist of the followings:
(1) Importance of the bridge within the national highway nctwork plan of Bhutan
Government policy is a major deciding factor in selection of priotity projects within the

scheme of the national highway network plan.

Based on the importance of each highway roule, the score was decided as follows:

Rank A, NH No.t : score is 4
Rank B, NH No. 4 and No.5: score is 2
Rank C, other NH ; score is |

{2) Forecast traffic volume for the year 2020
Forecast traffic volume for the year 2020 is the governing factor for priority projecls
selection.

Based on the traffic volume, score was decided as follows:

bigger than 300 : score is 4
bigger than 200 : scorc is 3
bigger than {00 : score is 2
less than 100 : score is §

(3) Population benefiting from construction of the bridges

At present, the only popul'alion data available is that per Dzongkhag, making it difficult to
make more precise eslimates of local population benefiting from the project. Therefore in
the Study the following two comgonents will be used, namely, population of Dzongkhag
and soéioccbnomic importance point, which was ¢valuated in 5.1.2 Criteria of Preliminary
Selecjllion (5).

Total scores are shown in the following Table.

Score (1) : Dzongkhag populationis  bigger than 50 thousand score is 2.0
bclw_een 20‘and 50 thousand scorgis 1.0
less than 20 thousand score is 0.5

- 5-15
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Scote (2) : Sociocconomic point High scorgis 2.0
Low scoreis 0
Bridge No., Dzongkhag Score (1} | Sociocconomic | Score (2) Total
Population in 2020 Point Score
(Thousand) a
{ 63 2.0 High 20 4.0
2 {8 0.5 High 2.0 25
3 23 0.5 High 2.0 2.5
4 33 1.0 High 20 3.0
5 18 0.5 High 20 2.5
6 18 05 Low 0.0 0.5
8 23 1.0 High 2.0 3.0
10 33 1.0 Low 0.0 1.0
16 33 1.0 Low 0.0 (L
17 33 1.0 Low 0.0 1.0
21 34 1.0 High 2.0 3.0
22 52 2.0 Low 0.0 2.0

(4) Preliminary Economic Evaluation
For economic evaluation there are two indicators, namely NPV and CBR. However, in this
evaluation only CBR was used, since NPV yields similar value to CBR.

1) NPV: Net Present Value
This is the balance between the discounted benefit and cost under an assumed

discount ratc. If value is positive, the project is economically feasible. -
2) CBR: Cosl Benefit Ratio

This is an indicator oblained by the present value of benefit by value of cost.

CBR 1.0 and more : score is 4
CBR0.75~1.0: score is 3
CBR 0.50~0.75 : score is 2
CBR less than 0.5 ¢ score is 1
CBR is no valuc: score is 0

(5) Present Conditions _ _
The foilbwirig factors were in\}csligalcd carefu'lly:
- Limited load capacity
- Bridge age

5-16



The Study on National Hichway Bridge Construction in the Kingdom of Rhutan

- Bridgc damage rating
- Sag/span ratio

1) Limited load capacity
As shown in Table 5.1, Bridges No.1, 2, 3, 5, 7 and 17 have limited load capacily of -
less th'an 10 tons, .

load capacity of less than 10 tons : scorc is |
others score is 0.5

2) Bridge age
Bridges No.1,2,3,4,5 and 6 are morc than 20 ycars old, although Bailey bridge’s life
span is usuaily 15 to 20 years.
Bridge age of more than 20 years : scor¢ is |
otherwise : score is 0

3) Damage rating
Damage rating of 3to 4 ; score is |

otherwise : score is 0

4) Sag/span length

Ratio of more than /200 : score is |
less than 1/200 : score is 0.5
negligible : score is 0

(6) Engineering/Technology Difficulty of PWD, Bhutan

Construction difficulty wilt be examined from the engineering and technological point of
view. The most difficult bridge was given a score of 4 points, and non-difticult bridge
was given a score of 0.

Span leagth is bigger than 70 m : score is 4
between 70 and 20 m : score is 2
span length less than 20 m ; score is 0

5.17
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5.3 Sclection of Priority Projects

Six factora were chosen for selection criteria, and cach factor was. gwen a maxlmum of 4

points. The cxamination resulls arc given in Table 5.6. The top five bridges were chosen
for the foiiowmg reasons:

No.l Kunzampa e

This bridge is located on NH Rie. No.1, whlch is thc most tmporlant lrunk hnghww in thc
counlry, merllmg a score of 4.0. Forecast traffic volume for the year 2020 i 1s 169, scoring 2
points. Populatlon to reccive the benefit merits 4.0 pomts hconomlc evaluatlon result is 2.

Score for present conditions is 3.5 points. Engincering/technological d:fﬁculty is 2 points,
since the 50 m bridge length is of medium size. Total score is 17.5.

No.2 Chamkar Zam

This bridge is also along NH Rte. No.l, therefore meriting 4 pdinls Forecast tfafﬁc
volume is 169, scoring 2 points. Although the dzongkhag (dls(r[ct) populatlon is not
significant, the bridge is localed in the center of Jakar ralmg 2.5. Economic evaluation

result is 2. Score for present conditions is 3.5. Engmeenngltcchnolognca! difficulty is 2.
Total score is 16.0. '

No.3 Bjce

This bridge is also along NH Rte. No.l, therefore meriting 4 points. Forecast traffic
volume is 388, scoring 4.0 points. This bridge is located only 12 km west of Trongsa,
scoring 2.5. Economic evaluation is 4. Scorc for present conditions is 3.5,

Engincering/technological difficulty is 2, due to medium bridge length of 50 m. Total score
tecaches 20.0.

No.4 Wachy Zam , - ‘

‘This bridge is also along NH Rte. No.1 scoring 4 pomis Forecast lrafi" ic volume is 388,
meriting the maximum 4 points. This bridge is located only 19 km east of Wangdue,
therefore score for the population to receive benefit is 3 points. Economic evaluatlon is 4

points. Score for present conditions is 3.0. Engmeenng;‘technolog{cal difl ﬁcully is2 pomts
Total score 15.20.0

No.5 Mangdichu

This bridge is located on NH Rie. No 4 south- norih hlghway, mcntmg 2 pom!s Porecasl
taffic volume of this bridge is 76, therefore scoring 1. Populauon beneﬁhng from this
bridge scores 2.5 points. Economic evaluauon score is 2, and score for present condmons .
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is 3, and engincering/icchnological difficulty merits 4 points, due to bridge length of 100 m.
Total score is 14.5.

In a conclusion the foltowing bridges have been selected as Priority Projects.

Bridge No.l Kurizampa
No.2 Chamkar Zam
No.3 Bjee
No4 Wachy Zam
No.5 Mangdichu

S 5-19
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CHAPTER 6 ALTERNATIVES

6.1 Design Requircmcms

6.1.1 Design Standafds, Specifications and Critcria

(1) Review of Bhutancse Standards, Specifications and Relevant Studies Documents

Prior to the establishment of design standards and criteria, the following documeats for
standards, specifications and relevant studics on bridge design were reviewed:

Standards |

. Road Construction Manual(RCM), First Edition, PWD, 1988
« Road Design Manual, First Edition, PWD, 1988

. Ficld Manuat of Road Mainterance, First Edition, PWD, 1988

Specificati

+ Standard Specifications and Code of Practice for Road Bridges, Section 1l Loads and
Stresses, The Indian Roads Congress (IRC), IRC : 6-1966, 1990 Edition

. Specifications for Building & Road Works, Public Works Depariment,

. Specifications for Road and Bridge Works, (Thiré Revision) , Indian Road Congress,
New Delhi, 1997
Standard Plans for Highway Bridges, Vol. lNI, Concrete T-Beam Bridges

+  Ministry of Shipping & Transport, Road Wing, New Dethi, 1980,

» Drawings and calculation sheets of "Purusari Bridge on Rishikesh ~ Joshimath Road”
of Span 42 melers in India

Relevant Studies Documents

. Bndge Cons!rucllon Project, Feasibility Study, ADB, TAS09BHU,

. Techno Economlc Feasibilily Study Report, Exccutive Summary & Report

. Apnl 1988 ‘

. Demgn of Lunglen Lampa and Lunjuphakha at Thimphu

“+ - August 1990 |

. Thimphu to Thashlgang Nationa] li:ghwqy, FeaSIblllly Study, ADB, TA1682-BHU

. June l993

. Fxlstmg Bndgcs at Sarpang Khola, Aie and Rengangchu in Bhutan, Inspection
Reporis, December 1996
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Also the design criterta of the existing pcnilanént Bfidges aloﬁg N.élilonal Hiéhwé_xy R_du!cs
No.1, No.2, No.3, No.4 and No.5 were collected and analyzed, as shown in Appendix-D.

6.1.2 Geometric Design Criteria

(1) Road Classification
The proposed bridges and approach roads are to bc classified as Class A, Natlonal
Highways, based on the Road Construction Manual (RCM)

(2) Design Geomeiry ‘ » o

In the RCM there are several criteria, such as Sight Distance, Stopping Sight Distance,
Overtaking Sight Distance, Minimum Radii on Horizontal Curves, Transition Curves,
Widening at Curves, Verlical_AIigmhem, Vcrl'ical Curves, etc.

However this study is for rcblacéménl of the b-r'ibdges, therefore improvement of roads or
approach roads is not included in the scope. Existing road balign'ment and geometrical
design criteria were followed in the geomelnc design criteria.

Therefore only the foltowmg criteria was considered in the design.

1} Vertical Grade

Maximum vertical grade of 6 % was adopted to meet the existing approach road.

2} Consideration of curve radius
In the preliminary design 6.0 m minimum curve radius was selected for the following
[easons:

« It is appropriate for the minimizing excavation and cutting of cliffs; in order to
ensures more cconomic and safer construction of approach road.

+ If 0.9 m shoulder outside aﬁd inside of lhé quh'e is paqu-‘w_ilﬁ‘_S cm as>phal(ic
concrete in the case of road curve radius of 6.0 m, it is possible tb alloW a vehicle
curving radius of at least 8.0 m for a heavy vehicle 2.5 m wide and 8. 2 m long, as
shown in Figure 7.1. In this case it is recommendcd that a wamtng sign statmg
“Sharp Curve, R = 6.0 m and Reduce Speed” be mslalled
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The foliowing curve radii were decided, since space available for the construction of
bridges and keeping smooth traffic on existing bridges and approach roads is very limited:

Bridge No.1 Kurizampa, Right Bank: R=80m
Bridg'c No.3 Bjee, Right Bank: R=60m
Bridge No4  Wachy Zam, Left Bank: R=60m
Bridge No.5 Mangdichu, Right Bank: R=70m

Otherwise radius is 15.0 m or more.

- Section A-A~

Figure‘ﬁ.l Curve Radius 6.0 m
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3) Cross seclion

2 % crossfall on carrtagcway pavumcnt and 4 % crossfall on %houlders were designed, in
accordance with RCM.

4) Typical Cross Scction

Typical cross section for proposcd bndgcs and approach roads is shown in Flgurc 6.2.

6 300 or 8300
w00 5500017500

400

Bridge Section
7 300 or 9 300 .
900 5 500 or 7 500 | 9‘go|
XN A I 1s0
R
--- —]
\.\5 —i , EN Qo‘
Approach Road Section Scale 1:&

Figurec 6. 2 Typical Cross Section ofProposed Bridge and Approach Road
5) Pavement design on approach roads

Thickness of pavement has been designed, based on the RCM ( Road construction

Manual), according to Class A, national highways and traffic volume of 300 to 500
vehicles per day.

The embankment matesials will be provndcd from the borrow pit around scvcral kilometers
from the bridge site.  CBR of such subgrade is expected as around 3 to S per cent.

I. Thickness of surfacing: 1n Bhutan for ﬁa(ibna] hi g’JmWéys thickness is 5 cm.
2. Thickness of base course and sub base course: 12 emand 25 cm

‘Fypical cross section is shown in Figure 6.3,
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Figure 6.3 Typical Cross Seclion of Pavement

6.1.3 Bridge Design Criteria
(1} Design Loads

1) Dead Load_s
For prc]iminary design, RCM was used as basic reference except in incomplete cases, in
which the IRC codes were used.

2) Live Load .
Class A Loadmg was uscd in thc d851gn For a reference standard specification and code
of prachcc for Road Br:dgc Section Il is shown in Appendix-E.

k)] lmpact due to vchlclcs

Impact factor fraction for stecl bndgcs 9,/ (13.5¢1)
Where L is the length in metres of the span.

6-5
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FFor spans simply supported ------ lhe effective Sban on which the load is placed.

4) Wind load ‘

Lateral wind force is considered to act homontaily and in such a dlrecllon that rcsuhanl
stresses in the mcmbcr under consideration are the maximum. Wind pressures and wind
velocities are shown below.

Table of Wind Pressures and Wind Velocitics

H \4 P
0 80 40
2 91 52
4 100 63
6 107 73
8 113 82
10 118 91
5 128 107
20 136 119

Where H= the average hexghl in metres of lhe exposed surface above the mean
retarding surface (fixed level or ground or bed level)
V = horizontal velocity of wind in kilometre per hour at height of H
P = horizontal wind pressure in kg/m2 at height H

5) Seismic force
Houi  Scisniic Force
FFeq= « B3 AG
Where Feq: Seismic force to be resisted
« . Horzontal seismic coefficient depending on location
2 Acocfficient depending upon the soil foundation system
A A coefficient depending upon the importance of the bridge
G:  Veriical load of structures
in case of Bhutan -
« :=0.08, Horizontal seismic coefﬁcwnt inZone V
=10, RCC footings on Type |, rocky or hard soils (For N valuc 30)
A 1= 1.5, Important bridges ( due to Nalmnal nghway Bndges)
Feg=008x10x15G=0.12G
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The vertical scismic coefficient = half of the horizontal scismic coefficient
= 0.06G

(2) Combinal_ion of loads and forces

Dead load G
Live load Q
Snow load Gs

Impact due o vehicles Qim
Wind load W
Scismic {orce Feq

Permissible increase
Combination (I) = G + Q or Gs + Qim Nil
{ordinary loading condition)

Combination (Ill) = () + W 333 %
Combination (IV) = (I} + Feq S0 %
(3) Design Method

The allowable stress design method was used for preliminary design, since there is no
requirement in Bhutan’s Road Construction Manual (RCM).

{4) Materials

For the structural design at the feasibility study stage the following major construction
malterials were studied.

i) concrete

ii) reinforcing bars

iit) structural steel

n Concrete _ : )
~ Only 210 kg/cm2 was used for foundations, abutment, concrete deck slab and relevant
- structures. (note: cylinder strength)
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2} Reinforcing barS
Mild steck: yield strcngth 250 Mpa (- 2 S49Lgflcm }
Hot rolled deformed bar: yleld strength 415 Mpa (=4, 232kgflcm )

3) Structural Steel

Permissible Yic.ld point Used to

tensile slfcss st‘re:n'g'lh:_‘ S
11S G311 55400 1,400 kgf/em’ 2,400 kgficn’ ‘ 'Major tembers
JIS G3106 SM400 1,400 kgffen’ 2,400 kgflem® - Major members
JHS G3106 SM490 1,900 l‘cgf}'cm2 3,200 kgfp’cmz | Major memibers
IS G3106 SM4%0Y 2,100 kgf/em’ 3,600 kgffcmz Major members

(5) Opening

Bridge design was cxecuted, under condition that the opening of the river under bridges
will not be decreased than existing opening.

6.1.4 Consideration of Live Load

Following the study in the Interim Report, further study on the Live Load was made in this
stage. Comparison was made for bending moment and shearmg force between the
Bhutanese Class A Loading, which has decided to be adapled to the preliminary
enginecring design, and Japancse L-Load (B Live Load), which is commonly used in the
design of bridges on national highways and expressways in Japan. As an example, a bridge
of 50 m in length and 5.5 m in width was used in the comparison.

The result is summarized as follows: | |

Since both bending moment and shearing force under Japanese B 'Li\'c Load are slightly
greater than those under Bhutanese Class A Loading, Japanese standards are applied in the
details in order to supplement the Bhutanese standards.

Truck axle load survey was conducted at the borders with India, Phhnsiho!ing | and
Samdrup Yonkhar and also in Thnmphu in 1987 undu the PWD lnsllluuonal Slrcnglhemng
Project. - W EEEIE -
The results showed Ihal gross vehicle welghl of 1l to l“> lon account for 60 per cent of total
vehicles at borders. ‘ ‘ _ _

Against this distribution, the survey result in Thimpu showed that gross vehicle weight in
Thimpu was approximatély 90 per cent of that 4_al borders. |
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6.1.5 Consideration of Bridge Width

ln the Interim Repon bndgc width of 7.5 m was used for the preliminary selection of
priority bridgcs based on lhe followmg 1easons:
- Some brldgce on national hlghways have double lane carriageway.
- Proposed Wandue Bndgc on National Highway Route No.1 is presently bcmg designed
as a double lane bridge.

Future traffic volumes for the year 2020 at the priority bridges, in the interin stage are as

follows:

No.1 Kurizampa 169 vehicles / day
No.2 Chamkar Zam 169 vehicles / day
No.3 Bjee 388 vehicles / day
No.4 Wachy Zam 388 vehicles / day
No.5 Mangdichu 76 vehicles / day

Due to fow traffic voTumes, it is not cconomical (o design 7.5 m wide bridges at present.
The reasons are as follows:
- Duc to low traffic volume, single lane carriageway is sufficicnt.
- It would be difficult to widen the entire lengths of National Highway Routes Neo. |
and 4.
- Almost all permanent bridges were constructed with 4.5 m bridge width, as follows:
- On National Highway Route No.1, there are 23 permanent bridges. Out of 23 bridges,
only one bridge is 6.8 meters in width and another is 6.4 meters.  All remaining are
4.5 melers wide.
- On National Highway Route No. 4, there arc 13 bridges. All bridges are 4.5 m wide.

Taking the above reasons and the bridge site conditions into account, the following
*considcra!ions ‘werc made in the Stady.

' (l) Wldlh of bndgus less than 50 m in length

' Accordmg to future iraffic volumt, and bridge site Londmons 4.5 m width for single lane
bndgc and 7.5 m width for double lane brldgc will be considered, based on the RCM.
45 m wndth for single lane is shown in Figure 6.4, and 7.5 m width for double lanes is
shown in Figure 6.6.

: 6"19_.
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(2) Wldth of bndgcs more lhan 50 min lungth
Two wndlhs 55 m and 7.5m w1l| be consulered

Fvcn

ifa hcavy vehicle happens o slop on the br1dgc for some reason, such as emcrgency

or engine trouble; on a bridge with a wndth of 5.5 m, other vehicles can move beside the
stopped heavy vehicle. Figure 6. 3 show«; 55m bndge width.
Far double tane bridge, 7.5 m w1dlh wﬂl be considered, as shown in Figure 6.6,

(3)

Bndgc widths adopted in the Study

The followmg bridge widths were used in the preliminary engineering design.

B".l N Rrid i.l‘ Bridee Widtl E'.I: I ]

No.t Kurizampa 3.5m 54 m
No.2 Chamkar Zam 7.5 m* 43m
No.3 Bjce 5.5m 50m
No.4 Wachy Zam 5.5 m* 43 m
No.5 Mangdichu S55m 100 m
Notes:

Width of Bndge No.2 Chamkar Zam . :

'The bridge site is located in the towa area of Jakar Forecast trafﬁc volumc of this
bridge is 169 vehicles/day. However this ﬁgurc is for inter-city traffic volume.
According to traffic count survey by PWD in 1997 traffic volumes were 390
vehicles/day. Morcover the number of pedestrians crossing the existing bridge was
about 800 personsfday according to additional survey by PWD. The two-lane
approach road has also been constructed.

7.5 m was therefore considered as the width of the proposed bridge.

Width of Bridge No.4  Wachy Zam

Since the road between W'mgdue Phodrang and Pelela passes thmugh fragile
topography and over soft ground, the hndgc at Wachy Zam will bc used by heavy
machines (o maintain road suffermg from major landstides durmg the monsoon
periods. Therefore the frequent transport of heavy_equipment over the Wachy Zam
for the maintenance of landslides 'r_equi_rcs bridge 'v_iridth dvcr 4.5 m.

It is reasonable to design this bridge with a width of 5.5 ineters.
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Figure 6.4 4.5 m Bridge Width
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6.2 Physical Conditions

6.2.1 Climate and Hydrology

(1) Climate

The climate of Bhutan is mﬂuenccd by the soulh-wcsl monsoon and stccp mountain
features, and varies due lo dlffercnce of almude bclwecn the south regmn and the north
region. The climate of Bhutan is classified into the following three calegories based on its

altitude, which ranges from 300 meters to over 6,000 meters above sca level

- Himalayan Zone |
The Himalayan zone (altitude of over 3,000 m ) is characterized by severely cold winters
and short and cold summers. Areas above 4,25¢ m are considered non-cultivable, and

perpetual snow area extends on areas above approximately 5,500 m.

- Temperate Himalayan Zone

The Temperate Himalayan zone (altitude of 1,500 to 3,000 m } is characterized by
moderately warm summers and cool winters. The annual rainfall varies from 500 to 3,000
mm. Temperature varies from betow 0 °C to 35 °C. Rice, bananas and oranges grow in

rather low areas, and broad-leaved trees are found in the southern slopes of the hilly areas.

- Semi-tropical monsoon Zone

The Semi-tropical monsoon zone (almude of 300 to 1,500 m) is charactenzcd by high
tempcerature and humidity. The annual rainfall is observed to be above 3,000 mm, and it
sometimes reaches 6,000 mm. Tropical junglc COVERs mo_st of the arcas, but there arc some

dry Savanna-type areas. Temperature is above 15-25°C l};roughout the year .

The climate of the Study areas (aliiludc of 300 Io 2 000 m ) has both 1hc charactens!lcs of
the teinperate Htma!ayan and the seimi- troplcai monsoon, and it largely varies by dlfference:
of altitude. Allitude dlffcn,nce betwecn Wangdue and Pelela pass, and lhmmscngh pass |
and Mongar arc 2,150 m and 2, 280 m ruspccmeiy

The passes are characterized by low lempuaturt.s snowfalt dcnsc fog and but thc vallcys _ |
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have moderate temperatures and more dependable weather. Almost all the bridges in the
-~ study area are located in the latter condition.

Table 6.1 shows climate conditions around the 12 bridges.

Table 6.1 Climate surroundmg the 12 Bridge Sites

Bndgc Namc Ramfall (mmfmomh) A\ erage ycarly

in rainy season temperature (Degrees

e b e e T
e G e e TS TS TV 3 Wi SE
" Bjee TTun~Sep 1887 ~3444 | Max:243 Min: LI
“Wachy Zem | Jun~Sep 146.5~508.6 | Max:23.2 Min:1.0

2
1
4
5 Mangdi‘oﬂ;m Jun ~ Scp 150.7 ~ 288.8“. Max297Mm?3
8

" Wangdigang | May~Oct 106.6~579.2 i Max:35.1 Min:9.4

Tlshigangchu | | May~Scp 90.5 ~ 1592 | Max:307 Min:18.0 |
0 Lawakha | May~Jun 993~ 1628 | Max:256 Min:55
6 T Walkeytar | Jun~Sep 1923 ~ 35437 | Max:244 Min: 67
- e e s 10826 M50 Min T

T O E Ty l446~2327
T2 T "Sunkesh | Apr~Sep 1082~635.2  Max:257 Min: 7.1
"'Source:  Statistical Yearbook Bhutan, 1989~ 1995

(2) Hydrology

In Bhutan all the main rivers, which originate from the glacier of the Himalaya range, flow
to the Assam Plains in the south, and join the Brahmaputra River. A number of tributarics
from the east and the west join the main rivers.

Ravines are scraped by severe water impact due to the flood water with plenty of debris
during raioy season, The gap between the bottom of a river and the top of a mountain is
oxtcndeo os a result.

The Black Mountaln range, wmch extends from south to north in central Bhutan, forms the
| walershud of river syﬂtcms dlwdmg mlo ihc cast 'md west rcglon In the western region, the
main nver systcm is composed of Torsa Rwer Wang River and Sunkosh River. In the
castern (egioo, the main river system is composc.d of Mangdichu River,

The Cﬁolnkafohtl River ano Kurichu River systems merge near the Southern border of

' Bhuta_ﬁ and India.
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In the sludy area, (hc bndgcs crossmg the main rwcrs are Kun?ampa Bndge and
["mgmachu Bndge on the Kurichu Rlver. Bjec Bndgc and Mangd:chu Bndgc on
Mangdichu River, and Wakleytar Bridge and Sunkosh Brldge on Sunkosh River.

The river conditions at the 12 bridge sites are shown in Table 6.2.

- Table 6.2

River Condition at ;lh'c 12 Bridge Sites

_ . S!rca.m. Mean water § High ﬁatc: Clearance
Bridéc No. B.ridge P;Iamc River Name | River width | condition level lg_vc:l from
el b e bewom | awum)
. Kunwmpa oo MKutichy 3 430 . 1 Rapid 8.5 ‘
3 Bice | Mupdicha | 250 i R | 20 40 1 50 ]
4 _Wachy Zam | Dangchy 200 - Rapid 2.0 49 100
5] Mangdicta | Mangdicho | 300 | Geote 5.4 100 | 150
6 Wandigang | Wangdigang 320 Rapid ) 3.5 15.5
8| Ihigangchy | Iehigangchu | 350 i Rapid X 33 85
MO j lawakha : Lawakhache ;300 P Gendle 05 oS 10
6 Walkeytar : Sunkosh  f 690 i Gentle .40 .30 YA
AT Mechikhota : M 1505 Gentle L9 30 .59
Jlangmachy | Kurichu @ 750 1 Gentle 4.0 6.0 e
W22 ..Sunkash ¢ Suskosh L300 i Genle .23 30 135
Source: (1)  Survey Result by the Study Team , 1997
{2)  Obscrvation Result by Power Division of Ministry of Trade and‘ Industries.

Consideration of the Kurichu Hydro Electricity Project under construction at 7 km
downstream was made. ‘
According to the report of the project, the high water level at the Kurizampa Bridge site

will not be influenced by the maximum reservoir level.

At present, discharge, vclocny and flow cross section and water lcvel are bemg observed

by the observation stations installed at 16 places in , Bhutan under the Power Dwnswn of the

Ministry of Trade and Industries .
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6.2.2 Earthquakes

In Bhatan, no seismic records exist as carthquake research has not been initiated yet, and
therefore it is difficult to grasp the preéisc occurrence and magnitude of earthquakes .
However, lﬁrbugh verbal accounts it is known that several carthquakes of appreciable
magnitude have occurred in the past, which sustained heavy losses, particularly collapse of
strilclurcx:&

From the gcologibal standpoint, the structure of the earth's crust in Bhutan seems to be
influenced frequenily by earthquakes caused by active faults in India and Nepal. There
exist in these two countrics unstable parts and some devastating carthquakes have occurred.
Therefore, it is necessary (o review Indian research on scismic activitics in the Indian sub-

conlinent. Figure 6.7 shows an epicentral seismic map of the Indian sub-continent.

In India, the seismicity at a site is assessed parlly by its distance from the faulted rock
formations and parily from the frequency and size of shocks that have occurred in the past.
The geélogical zoning of a country depends primarily on the known scismic history of a
region, unless there is speciﬁc evidence of tectonic fealures which would be potential
causes of earthquake, even if there is no record or known seismic activity.

In determining the nature of activity in the faulted formations of a region, installation of
sensilive seismographs is useful. It records sméli tremors occurring from movements in the
faults ncarby. Sometimes faults are hidden under alluvium and they can be detected cither
through seismograph records or through gravity measurements. The faults are indicated
through gravity measurcments since the faults are associated with anomalous mass
distribution which results in change of gravily value from the expected theoretical value.
On the basis of the factors explained above India is divided into five seismic zones as

shown in Figure 6.8. The classification of the zones is described in Fable 6.3.

For years, structural design in Bhutan often failed (o take proper account of structural
desi_gn' requirements and in pdnipular, earthquakes. At present, structure design including
buildings and masonry structures in Bhutan is being  reviewed for seismic relevance to

Bhutan, based on some Indian Standards.
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Figure 6.7 Epicentral Seismic Map of India and I\:Ieighboring Area :
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Figure 6.8  Seismic Zones of India and Neighboring Area
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Table6.3  Classification of Seismic Zongcs

Jones Descriptmn of Farlhquake -

Dﬂflﬂg the day felt indoors by many ouldeors by a
few ; at n:gh! some awakened ,dlshes, windows,
doors disturbed 5 walls make cracking sound,

n(ahon like hcavy truck stoking the building ;

and standing motor cars rocked

Felt by all ; many frightcned and run outdoors;
11 some heavy furniture moved ; a fow instances  of
fallen plaster or damaged chimneys; and damage

slight .

Everybody russ outdoors, damage ne.gligibIc: in
buildings of good deéign and construction, slight to
I moderate  in well  built ordinary  structures,
considerable in poorly built :or ba;:lly designed
struciures; some rhimneys broken; noticed 'hy

1 persons driving motor cars,

Damage slight in specially des:gned slructurcs,
considerable in ordinary bul substantial buxldmgs

with partial collapse; very heavy in poorly built

1V

structures; pa'nel walls thrown out of framed
structure, heavy furniture overturned , sand and

mud ejecled in small amounts; changes in well

water ; and dlslurbs  PCESONS dnvmg molor cafs,

Some we!l»bulit wooden  structures  destroyed;
most  masonry and  framod slrﬁc!ures with
foundations destroyed; ground badiy crackeﬁ; fails
bent; fandstides considerable from river banks and
stcep illopes; sﬁfl’ted sand and mud ; and wlatber
splashed aver banks | |

Tctal damagc waves seen on ground surfacc Im\,s

of shght and le\el dlsiorlod and Obju?ls Lhronn

pward into the air,

Source: " Elements of Earthquake Engincering * A, R. Chandrasekaran Profcssor School of

Research &Training in Earthquake, Engincering Um\crszly of Roorkee. Roorkee, India
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Indian Standards :
- Sléndard Spcciﬁcétions and Code of Praclicc for Road Bridges
- Cntcna for Earthquake Resistant Dwngn of Structures
- Ductlle Detalhng of Reinforced Concrete Structures Subjected to Seismic Forces -
Code of Peactice
The PWD tecommends that all structures in Bhutan be designed for the requirements of

Seismic Zone V.

6.2.3 Topography

(1)  General
Bhutan lies between latitudes 26-45-00 and 28-15-00 North, longitudes 80-05-00 and 92-
10-00 East.
Bhutan has an area of approximately 46,500 km’, 330 km from east to west and 180 km
from north 1o south, 1t borders Tibet on the north and is otherwise surrounded by India.
. The lowest altitude is _l60l m at a points on the border with India. The highest altitude,
7,554 m, is Kulakangri Mountain on the border with Tibet. The altitude difference between
the north and the south is greal. Geologically, active upheaval movements ocecurced in

Bhutan from Tertiary to Quaternary periods.

Due to this upheaval, rapid streams encroached bottoms of ravines and decp v-shaped
ravines were formed in various places in Bhulan. Riverbeds are narrow and of steep
gradients and valley plains are very few. The greater part of the national highways in

Bhutan pass through steep mountain slopes and precipitous cliff arcas.

The lopography of Bhutan is classified into three catcgories of altitude: the southern
foothitls (lcss than 100{) m) the central zone (1,000 m to 4,000 m) and the northern
Hlmalayan region (above 4000 m) The northera Himalayan region is uninhabitable.

The study area is located in the gradual rise from the southern foothills of the central zone.
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(2) Highways and Brldges . Lo
Route No.1 (Trashlgang Senstokha nghway) crosses a nu mber of nvcrs ﬂowmg f rom lhc
north. It crosses four main nvcrs, ic., Sunkosh Mangdlchu Charnkarchu and Kurlchu
within lhc sludy area. Roule No.l gocs over four mounlaln passes namcly Pclcla Pass,
Yuiongla Pass Thrumshmgla Pass and Konlla Pass The passes and lhclr enwrons are
located bciween altitudes of 2,300 m and ’{ 800 m. These are the most treachcrous hardest
parts of lhc highway, duc to hcavy SNOW and fa!lmg rock. A

Kumampa, Bjee and Wachy Zam Bndges sitnated along Nat:onal nghway Roule No 1,
are in ravines, at relatively low alhludcs ranging from 580m to 9{)()m while Chamkar Zam
Bridge is at an aititude of 2, 400 m. ‘ .
The bridges cross Kurlchu Chamkarchu, Mangdlchu and Dangchu chrs Kurichu and
Mangdichu are major rivers in Bhutan. Kunzampa Bjee and Wachy Zam Bndges are

between rocky cliffs while Chamkar Zam Bndge is situated in a flat area acljommg Jakar

Town.

Figure 6.9 shows the altitudes of the passes and main cities along National H'i'ghw:'ay Route
No. I, | ' 

Altitude . G o 0 e
4,000 m - Yoteng-1.a 3546m 13779

N L

: Pete-La 3350m  / Thrumseeg-La 3105

; Doch-1a 3100
3.000m —

i Paro2300m Jakar 28000

; o - Dk

§ ’ Semtokla 2400 m Koray-La 2230m
2000 — Trongsa 2250m B

: o Ha 1774m

‘ Punakha 1463m : .

: Wangdiphodrang 1200m  Mongar 1500m \Tashigang 1050m
1LO0Om — : _ e .

i

o Phunl.shohng 200m
Om -

\olc L Roule Noi . Routc No.2
Source : PWD, 1997

Figure 6.9  Altitude of National Hi‘gﬁsﬁ‘ay‘ Roﬁ_le No. 1 o

Compared with Route Nol.l, Route No, 4 and No. § have few passes to éiﬁss,'és l.h.ey

mainly run along the rivers and mountain slopes.
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However, the bridges along Route No. 4, i.c., Mangdichu, Wangdigang, Panjurmani and
lshlgangchu are surrounded by more precipitous cliffs.

‘Thc altitudes of bndges crossmg Mangd:chu River range belween 500 and 1 000 m. The
bridges at Hesollhangkha, _ Lawakha, Basochu, Rurichw, Baychu, Kamichu, Narachu,
Wakieytar, Mechikhola, Buriéhu, Chanchey, Loringkhola, and Sunkosh are all situated
along Route No. § and are surrounded by cliffs. However, they are in a good highway
situation cofnpﬁre_d with other highways. They cross Sunkosh River or its tributarics. The
altitude of thésc bridgés rangé from 300 to 1,100 m.

Tangmachu Bridge located aldng the M'ongar-Lhucntse Road, which functions as a district
road, is silua'tc:d 52 kilometers from Route No. 1. It crosses Kurichu River and is at aﬁ
altitude of 1,100 m.

The topographic conditions at the 12 bridge sites are shown in Tabte 6.4.

Table 6.4 Topographic Conditions at the 12 Bridge Sites

Bridge Bridge | Topogeaphy | Existing Bridge Surounding | Land Use sumounding Bridge
No. Name Left bank Right bank teft bank Right bark

T Kurizampa 1 Central zone | Stable shope S‘ab]edlt’f " Resident ara§ T

2 " Charkar 7am | Central zone } Subleciff | Flanarea i - Residentialarea

T3 UBje “Cential zone | subectiti | Stabechii 1T i Residential area
' Wachy zam | Central zone | Stablechft | Sudleddi ;- i Paddyfield
5 TMangdichu | Centeal zone i Plainaa | Stbleeiff | Residemtal -

area

6 .M“'angdigang Cenlral ZOI'!Q Stab!c s!ope"" Slablb Sl('lpb

'....I-i;;lligangchu Central  zone Una'able mmSmblcchﬂ'mmmw

slope
7100 Lawakka Cential zone | Stal -
ST ‘v\alke)m B o e S

focthills

W Mechikhols 1 Southem | Stablecliff | Swablechff i -

Foothills
T3 Tangmachu | Central zene | Stablesope | Stable chff T Residentiabarea

TR Gunkesh 1 Southern§ StablecBff | Swableslope | PaddyficM | Residentialarea

foothills

Note: | “-""means no fand use

Soq.n:c . Survey Result by the Study Team, 1997
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6.2.4 Geology

(1) Gencral _ ‘ : _

The geology of Bhulan is charactcnzed by the collmon of the Eurasnan Conlmcnlal Mass
and the Indian Conlmcnlal Mass. Scdnments of the Tethys Seca exns!mg bx,lwccn them then
were thrusi up and the Hlmahyan Rangc was formed Collision of lhc continents started
from lhc Tcrlmry Eocene, causmg the Hlmalayas uphcaval arca whcre Bhuian lies,

In the southern area of Bhutan three geologlcal tectonic lmcs strctch in an easl-wesl
direction. In the northern arca of Bhut’m metamorphic rocks (gnelss crystall;nc, quarl?ttcs
¢te.) of the Indian Continental Mass arc widely distributed, Most of the project areas are
situated in the northern arca. _

From the standpoint of geological structure, Bhutan is classified into three categorics as
shown in Table 6.5. Belts of Frontal Rock, Central Crystalline Rock and Tethyan Rock are
distributed from the south to the north in Bhutan. -

(2} Geological Classification of the Sludy Area

The section between ‘iemloka and Tongsa along Nattonal Htghway Rou:e No. 1 is
composcd of the Thlmphu Formation whlch includes msgmatltcs gramlc and gaeiss with
mica-schists and quartzites. A part of the above section is also composed of the Tirkhola
Formation, which includes guartzites and }Yime slones. The sccllon between Tongsa and
Mongar is mainly composed of the Thlmphu Formation, which includes mlgmalltes,
granite and gneiss. However, the section near Ura is composed of the Tirkhoia Formation
which includes quartzites and lime stones. The Mongar section, alter Crossing the Main
Central Thrust, is composed of the Shumar Structure, which includes quartzites and
phyllites. .

Roule No. 4 from the northern area (o the southern area is coniposfe{l of the Thimphu
Structure, including migmatites, granites and gﬁcisses; and the Tirkhota Structure which
includes quarnizites, lime stones; and the Waéhila Structure, which includes I‘imcsl'one,

flagstone and metavolcanics.

Route No. 5 runs alongside a siver cuumg through the Th;mphu Pormahon Wthh mcludes_

igmatites, granites and gneisses, Around the Damphu section is compoacd of the
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Tirkhola Formation of quarizites and lime stones is mosi frequently encountered.

The Mongar-Lhuntshi section is composed of the Shumar Structure which includes

quarlzites and ph);'llbitc. This section crosses the Main Central Thrust, which runs from the

west {o the east aldng the southern area of Bhutan, formed when the continents collided as

previously mentioned.

'

Table 6.5 Gcologicdl Structure Classification

.Aoeaton

Formation

Rock

Tethyan Rock

most pén and nearby
Biack Mountain
Covering the Higher
Himalaya and isolated but

farge portions of the

1 Lesser Himalaya

Occupying the northern -

Beli
Shodug
Barishong
Tang Chu
Wachi La
Nake Chu

Tickhola ...

Central Crystatline Rock

Frontal Rock

Occupying the  greater
part of overall Bhutan
distributed nornthern arca
from ﬂ-!CF(Main Central
Thrust)

Occupying portions of the
bLesser  and Higher

Himalaya

Paro

Thimphue

Existing southern side
from MCT{Main Central
Thrust)

Making up the foothills
and part of the Lesser or

Lower Himalaya

Shumar
Manas
Phunisholing
Thungsing
Diuri
Damuda

Siwatiks

Alluyvium

s Quartzite,slate,silt stone, sandstone
States, pebbly slates and dimictites

s Quartzites, phyllites to limestone

» Slates and limestone

«» Flagstone, mietavolcanics and slales

s Quartziles and conglomerates

« Bedded quantzites, locally lime stong

« Quartz-micaschists, quartzites,cale-
silicates, marble with thin beds of
minor

graphic  schist,  with

migmatization
s Migmatites and  biotite-granite
gneisses with thin beds of quarizite,

mica-schist, calc-silicate rocks and

omarbles e

» Phyllite, green micaccous quantzite
« Dolomite and quartzites

« Yariegated phyllites and quartzites
o Quartzites and conglomerates

o Gray tilloid boulder slates

« Sandstoncs, shale and coal scams

« Thick conglomerates with
quartzitefiasper boulders in sandy
matrix friable sandstone with few
claybeds

« Terrace deposits of sand, gravel and
boulder

Source:  Altras of Minerél Resource of the ESCAP Region , United Nations  New York, 1991
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(3) Bridge Site Condition

1) B‘rid'ge"rounda{ion |
From thc suo lm'csngatlon the abulmenls of most of the 22 bndges are to be dlrecl
foundatlons Near the bridge sites, bedrock or sandlgrave}/boulder laycrs are exposed at
ground level. |

The bridges of Chamkar Zam, Mangdlchu Waklcytar Burichu were bullt on well-
developed terrace deposits found only (o one %lde of the river, bedrocl-. generally occumng
on the opposnc bank. Bridge foundations on the terrace arc suualcd on sandfgravcl layers.
Bridge foundauons on lhc opposite bank are snuatcd on bedrock

The brldgcs of Bjce, Wangdlgang. Panjurmam Hesothangkha Rurlchu Kamlchu, Narachu
and Sunkoch are covered with talus deposus (sand/gravel) on the bedrock. Somc of the
brldgc foundallons are to be dug through sandfgravel layors and are snluated on bcdrock

The geological conditions of the 12 bndge abutment sites are shown in Table 6.6.

Table 6.6 Geological Condition near the existing abutments

(‘reotogacai Condmons

“» Left Bank . Ty ngh[Bank B LI TP ST
'{uﬁ,an]b;"""“"‘ Rock: Fine 3’3'9‘3‘5 quarlu:e i Rock: Fine gramed q&zanmc

“.Terraccdepo:.:l : bm\cl!boulders Rock:  Granite gne:ss
3 “Bice | Rock: Granific gciss i Tals: Sandygrvel
4 Wachy Zam Rock: Mi;asthisl ‘ ‘ Rock: Micaschist
5 m‘WWWMangdichu Tenaccdeposus Gra\elt’muldersw Rock Fine grained quarmc """"
Te T Wangdigang | Tatus: Sandy gravc'l " Rock: & Mm sedlmem.fquaﬂurcmmn.
8 i;gigangchu Rock: Gneiss Rotk Gnuss
TR T Wakleytar | Terrace deposits: ora\em)oumem' Rock: Metascdimeat
17T Mechikhla T Rocks Qunmlte Rock:  Quantzite .
a7 Tarigmachu T Rock: Mumeousquamte ‘ Rﬂck:uhhcaceousqua;nw
e S Sunkosh Ry Quannh, '{alussandy gmd S

 Source : “Suney Result by “the Study Team, 1997
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2) Bedrock at the Bridgc Sites
Bedrock type of gncnsses and migmalites arc numetous, and arc distributed extensively.
It is assumed lhat bedrock strength is high from the aspect of the whole bridge, though

there appear different-sized bedrock joints at cach bridge site.

3) Sand /Gravel Stratum at the Bridge Sites

Existing sand/gravel stratums are divided into terrace siratumy and the tafus siratum,
Terrace stratum is cOmpoScd of pebblé, gra\'él and sand. Solidity is comparativc!y high,
therefore; it is asswmed that the bearing capacity is also high. On the other hand, talus
stratums are slipshod dcf)osits composed of rubble, sand and silt. It is assumed that the

bearing capacity of these talus layers are not reliable for bridge foundations.

4) Alluvium System at the Bridge Sites
The distribution of alluvial plain in a valley floor is limited and small-scale. Alluvinms are

composed of thin layers of clay, sand and grave! of liniited range.

5} Landslide at the Bridge Sites

Along the Némling section {(Route No. [, Jakar-Mongar), Panjurmani section (Route No 4,
Tongsa-Zhemg:ing) and Shercamp section (Route No. 4 Gelephu-Zhemgang), landslides
are observed on the slope mainly of deep talus deposits, mostly occuiring during the rainy
season . | .. |

Landslides at the bfidgc sites have not been observed except for the Ishigangchu Bridge
site (Route No. 4, Tongsa-Zhemgang). The left bank side of Ishighngchu Bridge is situated
on an unstable slopc ih:ckly covered by talus deposits. At present, these slopes arc
prolccted by g'\blons etc., and so far arc stable. Therefore, it is imporiant to avoid slope
cutting during brldge construction in order to prevent landslides or deep slope failures.
Slope culling 'should also been avoid at the other bridge sites so al to maintain slope

stability.
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6.3 Construction Climate
6.3.1 Status of Highway Construction

¢) l*tpansnon of Road Nclwork ,

There is over 3,200 km of road in Bhutan scrvmg almost all gistrict headquartcrs ‘
Roads are classified into four calegoncs namely Nationa nghway (4? 5 %) District
Road (13.5 %), Feeder Road (36.7 %) and Urban Road 23 %) ‘

Road infrastructure is under the jurisdiction of Public Works Dmsuon of Mimslry of
Commumcauons '

During the ’Rh ch Ycar Plan (1992 1997), a totat of 41 kni of new road and 450 km of
resurfacing was completed.

(2) Bridge Construction _ |

There are 180 bridges along roads in Bhulan. Among them are 59 reinforced concrete
bridges (tolaHy 1317 m), 3 preslrc‘sséd concrele Bridges (248 m) and 25 composite bridges
of steel and reinforced coneretle deck (477 m). : A ‘
Other than these, many bridges on highways ate lcmporary sleel Ballcy bndges The

government has a scheme (o replace 11 bridges o permanent bndgcs durmg the 8th Fiver
Year Plan.

6.3.2 Status of Contractors

(1) Local Construction Contractors _
Local contractors have been established during the last decade in response to promoting
privatization as one of the national policies. With a conétmclion 'licen:s:e issued from the
Ministry of Trade & Industry and rcglstra(mn with the Construcuon Developmcnl Board
(CDB) classified as class A, B, C and Petty dcpendmg on their capablhly, perfonnance and
annual turnover, they have undertaken various development projects such as roads, bridges,
hydroclectric power stations, sewage factories, buildin‘gs‘ and iodustrial facilitics élc
Unforiunately, there are no expcrsenced pnvale construction compames to cxccutc bridge
works, since only a few permanent bndgcs have been conslrucled by PWD ;

When the new financial year (I July 1997 — 30 June 1998) began a total of 867 coniractors

were registered with CDB, out of which 4_0 were class A, 41 were class B, t l() were class
C and the rest of 670 Pelly. '
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) Forugn Contractors

Forelgn contractor:. havc been mamly cngagcd in internationally-aided projects.

Since India is thc main donor, some Indian contractors are currently engaged in the
government-aided projects such as hydro-power station conslruction, airport improvement,
hospital buildings etc. Other than Indian contractors, the only foreign contractor is a
Japanese contractor who has a project office for a recently-completed Grant Aid Project.
This office will [unction only until the expiry of warranty period, after which it is
customary for such a contractor 1o retuen to his country.

(3) Steel Bridge Fabricators

Since there are no ‘slecl fabricators in Bhutan, most stecl products are imported from India.
The study in the markel has revealed that there are 4 reputed steel fabricators in Calculta,
India: Braithwaite & Co, Bridge and Roof Co. Ltd., Hindustan Steelworks Construction
Ltd., and Affcons.

6.3.3  Availability of Construction Resources
(1) Availability of Major Conslruction Resources

i) Cons}mction Materials for Roads and Bridges
Cement
Ordinary Portland cement is produced in Bhutan in large quantities where the present
supply is much more than the demand. However to meet the requirements in terins of the
design strength, due consideration needs to be given to quality of cement used of addilives
etc.,
The outline of the main cement factery under operation is as below:
Name of Enterprise @ Penden Cement Authority Limited (PCAL)
L_ocatilon : :  Gomtu, Samise District
_ _Production Capacity : 800 tons per day
Cement is procurablé through local deaters or directly from the cement factories directly.

Coarse and F ine Aggregales .

: Bouldcr gravcl and sand are avallablc wnhm reasonable distance from the bridge locations,
- on conchtlon that a royally of Nu. 80 / Tata truck (= l?Scul‘l = 4.6cum) is paid to the
. Porestry Dmsnon in case the matenal is to be brought from river bed or quarry site. Hence,
: coars; and ﬁne aggregatcs for concrele and road works can be produced in abundance by
_c_rushmg boul;!¢rs at sites. . -
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’I‘xmber for lcmporary work are avallablc on the market On the olhcr hand plywood for
concrete work must be procurcd from India. In addtlmn, stecl forms which aré very uscfui
for mass producmg concrete girders and for suhslruclurc concrete works at subslmclure
must be imported. ' '

Re;nforcmg steel bass are available on the markct but 10 procure lhem it is necessary to
order through an authorized agency. Steel bar is generally obtaincd from India as the
landcd cost is chcapu and procurcment easu:r than rmpomng one from other countrres
Steet bars produced by Tata Steel Industry aud Mahindra Rolling Mill consist of :mld slcel
bars with yield strength 250 Mpa (=2, 549kgflcm2) cold twisted bars with yleld slrenglh
250 Mpa and hot rolled deformed bar with yield strength 415 Mpa (=4,23_2kgficm2), and
the available sizes are 6, 8, 10, 12, 14, 20, 22, 24mm diameter. Furthermore there is uSudily
no quality certification (Mill Shect) regarding the above mentioned stength.

Structural steel such as angle, channel and H/ I section is also supplied from India.

Steel girders for composite bridge of steel and reinforcement concrete and structural %teel
scctions for truss / arch bridge are available only from overseas.

Prestressing Steel Wi B
High tension steel wires and prestressing accessories required for presiressed concrete
girders are not available on the market. As there are few bridge construction prOJccls of this
type, these materials have to be imported from overseas.

Fuel ‘ :
Generally, fucl such as petrol and diesel oil are imported only from India, and are available
on the market. It is distributed through the suppliers of Bhutan Oil Drslrlbutors {(BOD) and
Druk Petroleum, which were established recently.

2) Construction EqurpmenU'Pianl for Roads and Bridges

Bhutan intends to go ahead with the mechanization of conslruclzon to overwfne lhe
shortage of both skilled and unskilted labor. Construetion work i is oftcn slow by the I:mlted
equipment and labourers On the other hand the PWD and olher larger conslrucllon
companies possess Somc construction equ;pmcnt for lransportallon earthwork road work
concrete work, etc., which are avallablc for hire. Howcver itis doublful whelher or not itis
possible to lease well- mamlamcd conslrucuon cqurpmcm necded for lhlS pro;ccl as it may _
be engaged for other activilies at limes, Hen_cc, all limited spccralrzcd_ equipment such as
big crane, movable cableway, excavator, mobile 'conére:tc"m‘ixér', sror}_é ‘crh‘s:her‘, Sérﬁij_rrailér,

6-28



The Study on Nationad Highway Bridge Construction in the Kingdom of Bhutan

truck with small crane, ete., are expecled to be brought from abroad.

3) Labour Forces

Bhutan suffers from a general shoriage of ménpowcr, particularly of skilled lab’o'ur, which
has been a major constraint in the development of the economy. Skilled manpower for
carpentry and concrete work required for consteuction of bridges are available within the
country, whereas personnel for spéciélized aclivities such as rod binding, fabrication of
steelwork, stressing of high tension stee! wires and erection of prefabricated girdcrs are
required to be _broughl from abroad. So far, as in all other projects, most of these skilled
labours are from India. Additionally, it is difficult to cmploy farmers in rural areas as
common labours in  the harvest season (May to October).

~ivil Egei

The diplomna engincers from the Royal Bhutan Polytechnic at Deothang and the degree
engineers graduating from the Indian engineering universiiics in the field of clectrical,
mechanical and civi} engincering are limited in number every year. Although annually
the percentage of civil engineering graduates is on the increase, they are engaged in various
civil works of the government agencies, and thereby facing shortage in the private sector.

Thus, sometimes the construction companies employ expalriate, i.e. Indian engineers, to
filt the shorlage.

4) Transportation and Imported Materials and Equipment

Customs Clearance

There ate itading companies in Thimphu, Phuentsoling and Calcutta which some carriers
deal with for transportation of international goods into the country.

If the documents (Import License) are in order, clearance time for customs is as follows:

- India : 1 day

- Overscas : 7 days at Calcutta Port

T fTra . | Carryine C .

The type of ffa:nspzorlation vehictes and their carrying capacity are assumed, considering the
type of carriér,' producls and the roék_i conditions as follows:

- Sfccl Bar etc. (_Sla'nlcj‘ard Loads) : Tata tru'ck (Capacity : 8 MT )

-ISlmc‘m'ral. Steet (l,éngth up 10 6.5 m) : Tala truck (Capacity : 8MT)

- Heavy Equipment : Trailer with ten wheelers
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Imnspmangnﬁomc_and_'[umkcquued . :
lmpons from the mcfsca% cxccpl india arc lransporttd by lmck ﬁom C‘llClllla to Bhulan,
taking 3 lo 5 days and covcrlng a distance of more than 800 km. RPN

The time required to connect the lranspomuon routes from H'lshmnra ( 18km soulh of

Phuentsholing) to the each district capital related with this Pro;cct are dcscnbed in Chaptcr
8, Conslrucuon Plan and Cost.

3) Quamy Conlrol . ‘

There is a PWD matcrial tesimg laboratony where all the ms!tumenls for sonl test, concrete
test and bllummous test are available for concreling design of mix propomon and‘quahly
contro! for building and road works.. However, it is not 'poésible to Cdnd:hc!
steel, as the universal testing machine has been out of order for a long time.

tensile test of
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6.4 Bridge Type Alternatives
(1) B'rid.ge Length and Span Arrangement
1} Bridge Length

Bascd on the resulls of bridge site investigation, topographical survey, and geotechnical
investigations, the following bridge lengths were decided.

B-! I‘I }3,1 II B,l i ]

No. | Kurizampa S4m
No. 2 Chamkar Zam 43m
No. 3 Bjee k 50m
No. 4 Wachy Zam 43 m
No. 5 Mangdichu 100 m

Basically the proposed bridge lengihs are to be longer than existing for all five bridges, as
the abutments of the cxiéting bridges are located at an unfavorable pasition for reuse (very
close to the river), and proposed bridge abutments are (o be located on stable strata and in
stabte conditions.

2) Span Arrangement

For all of the five priority bridges, the velocity of water is very high, especially in the rainy
season, when high water flows transport large and heavy boulders. It is therefore costly
and dangerous to construct piers in the river. Fortunately, river width is not oo wide, and a

single span is technically and economically reasonable at all bridge sites.
(2) Comparison between Steel Bridge and Concrete Bridge

For the five (5) priority project bridges, the following restrictions exist.
1) Sﬁaccs to be used as a stock pile arca for materials, reinforcing stecl and formwork
waorkshops, and the fabrication yard are very limited at proposed bridge sites and atong
‘ thé rivers. ‘ ‘ _
2) Concrete strength in the structures built by PWD is generally as low as 210 kglem'

since almost all struclures are of reinforced concrete.
3) Due to the road and transporiation conditions in Bhulan, the maximum length of
‘materials 1o be tfén5poned is generally only 6 m.

4) Dug to the same reason, maximum capacily of cranes is generally 20 1o 25 tons.
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The cdmparisén between steel Bridgc and concrete bridge is shown in Table 6.7.
(3) Cdl]}barison in Construction Plan and Cost between Conerete Bridge and Steel Bridge

Compauson resull is shown in Table 6.8. Mcthocl of conerele bridge crecilon is shown in
hgurc 6.10.

As a C_anlusion, steel structures were employed for all priority bridges in the preliminary
design, based on the above-mentioned reasons.

(4) Bridge Type Alternatives

i) Supcrslmctums

The refation between s(ccl structuie type and reasonablc span lcngth cons;dermg the
construction cost, construction method, and aeslhejtc aspect; is shown in Table 6.9.

There are several types of superstructure of sieel bridge. However, as mentioned before, in
the Study only a single span is considered for bridge type selcctlon

‘Table 6 9 Relallon of Slcel Siructure Type w;th Span Lenglh

Span(m)l 20| 40f - 60| 80| 100| 120 140] 60| 180
Type
Plate Girder ——/1

Truss (Pony) £ }

Truss {

Langer [

I.ohse ]

Note: For single span only

Based on the relationship as shown in Tablc 6 9, the followmg typcs werc conmdend for
the selection of bridge altcrnatives. ‘ : ‘ S

For bndgc lcng(h between 40m-~ 50m: P!ate glrder lruss or pony lruss

For bridge length between 90m~100m : Langcr or Lohsc o

Compansons of bndgu typcs an, ﬁhOWH in Table 6 10 and Table 6 1. L

Comparison between pate gi trder and pony truss lS shown in Table 6 12 o

Finally, truss for bridge length of 40 to 50 melers anc! Lohsc for bndgc lenglh of 90 to 100
meters were adopted. :
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Table 6.8 Comparison between Steel Bridge and Concrete Bridge )

Brid'ge 'length of 50 m and bridge width of 5.5 m was used for cofnparisdyi.

Item PG Girder Steel Truss (Pony)
Girder shape T ¥ T
By L | I :
T T I i
\: . ' i Ii :A' I A f
1 Ii B I 1 T Tl
R P Db
Girder weight 175t x3no =525t 105¢
Fabrication Cast in situ ' In the factory -
Erection method *Construct tempbrary steel girdér 'Ereci truss with cable crane

with cable crane

+Cast PC girdef segment (1)5 of
girder Iengt:h) _b;hir;d aBuiment
-Launch PG ségment on the
terﬁporéry stéléi girder

*Prestress on PG 'gi.rder

Quality Control Severe control of prestressing, Less quality control on the site
concrete, form, fe—bar,etc. than PC girder |
Equipment
«Cable crane Carrier capacity 30 t Carrier capacity 5 t
- Truck crane Capacity 80 t Capacity 16 t
«QOthers temporary stee! girder, Pre- -

stressing; grout, ete.

Construction period 11.5 months 4.0 moths
Approx. cost {unit: Million Nu.} {unit: Million Nu)
~ Girder manufacture LR E:] 198

- Girder transportation 0 - 47

- Girder erection 449 183

- equipment transport 63 2.1

- Formwork 19 0

~ Bridge Engineer 39 18

- Bridge Supervisor 68 _ 32 .

Total 728 489

Concrete strength at least 350 kgf/cm2 needed. 210 kgf/cm2 for deck slab

Cement to be'imported from India

As a conclusion, Steel Pony Truss is recommendable.
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Figure 6.10 | Erection Mcthod of PC Girdets
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Table 610 Bridge Type Alternatives for Bridge Length 40 to 50 m

ftem Plate Girder "~ Truss Truss (Pony)
Shape : :J“. L R
1. Ecenomical span 25 to 45 . 5510 85 55 to 30
length (m)
2. Structure height 22 to: 28 15 40 t§ 5.0.
3. Height/span ratio 1 over 18 apb_ro::(. 1 'oyier 6 -

4. Assthetic view

5. Bridga erection
§. Transportation

1. Steel weight

*Good

*Heavier steel members
*Difficult, higher cost
*Heavier stee! members
Difficult, higher cost

Not so good due to high
structure/length ratio
{side view) .
*Lighter steel members

Lighter steel members

| *Lighter steel members

{ over 10

*Good, slender shape
(side view)

«Lighter steel members

430 450 380
(kg/m?2) o .
7. Cost Expensive Expensive Reasonable
Evaluation X X O

For simple beam only

Table 6.11 8ridge Type Alternatives for Bridge Length 90 to 100 m

lem Lgnger Lohse

Shape ) .

pail \
pasiNTEReNgp -
1. Economicel span 10 to 1‘20 80 to 150
length

2. Structure height 16 16

3. Height/span ratic { over 65 1 over 6.5

4. Aesthetic *Good *Excellent

5. Bridge erection

upper ¢chord. Lower chord
is not easy to handle.

*Lower chord is bigger than - Height of upper and lower|

chord is similar, Easy to
handle members

Notes:
Carriageway al?ove Lo_hse

Not feasible, due to flood
influence on structure
-Not feasible, due to graet
|ateral reaction to sand/
grave! strate

Glarr'iag eway -at middle h.ei‘gh
of Lohse

*Not feasible, due to grast
lateral reaction to sand/ .

*Higher cost
8. Transportation *Same as above *Same as above
«Higher cost
7. Stee] Weight 100 580
(kg/m2)
8. Cost Expensive Reasonable
Evaluation X O

For simple beam only
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Ta_Ble 6.12 Coniparisoh between Plate Girder and Pony Truss

Total of Bridge Nos. 1 to 4 were used for comparison.

jtem ' Plate Girder Truss (Pony)
Girder shape 0.9m wide x 28m high % 8.5m long |0.45m x 0.45m x 7.0 m long
{6 ton) ; (25 ton)
Girder weight 4174 4217 6t
Erection method Erect plate girder with a upporting * Erect truss with cable crane

beam with ceble crane

Transportation -Approx. 10 % more cost for steel

girder and equipment than truss

Equipment
*Cable crene Carrier capacity 10 t Carrier capacity 5 t
*Truck crane Capacity 36 t Capacity 16 ¢
*Others Supporting girder, etc. -
Cdnstruction .pen'od 22 months for erection 16 months for erection
Approx. cost {unit: Mitlion Nu.) {urnit: Million Nu )
- Girder manufacture 66.2 80.6
~ Girder transportation 299 184
— Girder erection 831 553
— equipment transport 9.3 50
- Ma&ha_nic to dismantle 29 -
mantle 35 t crane for
transportation -~
. " Total | 1914 159.3
" |Bridge efevation and Due to 2.8 m high girder, approx.
api:;fbéch 'l;‘oa_d © 11.5 m higher bridge elevation
' required, caus%ng longer approach
road.

:.6-37



The Study on National Highway Bridge Constriection in the Kingdowm of Bhutan

2) Substructures _ o . o
Based on the rcqulls of topographic and geolechmcal survey of ﬁve bndgc sucs 1t was
found that bearing strata for ihc subslmcturc,s are gravellbouldcrs and rock, and the bcarmg
strata 13 not so decp from exlslmg ground lcvcl Therefore ordinary abulmcnls were

adoptcd as substructures, since this type is economical,

The foltowing type of abutments were adoptcd in lhc prchmmary engmeermg design.
Inverted T abutment : for 'abulmcms wnth helghl between 6 m and 8 m
Abutment on deep foundation piles: for abulments with helght over8m

When the bridge lcngth is decided, the Yocation of abuﬁncnt Qnd slope of river banks and

bearing strata was carefully considered for the following reasons:

- It is dangerous to de.sign shorter bridge length with higher abutment Heighl al steep
river banks, consndcrmg only the economical design.
- As a basic rule in the abutment planning, the lateral allowable w;dth “§ is to be

taken as shown in Figure 6.10.

Existing
_ Ground -
Designed I iné rd \_Befr—ing Strata
Bearing Level -~ : '

o S1= 1/2 x B for Rock
/ - : = B for Gravel
so | si S: Lateral atlowable width

s B B: Abutment width

Figurc 6.11 Reasonable Abutment Location on Slope

3) Fouondations . _
For Bridge Numbers 1, 3, 4 and 5, Decp wells (Cast in situ manually bored wells) were
designed for the abutments higher than 8 'm m order to rﬁinimiie the excéi’atioﬁ‘ for
abutments and to maintain space for traffic dwerslon around abmments since area

available for construction at these bndge sites is very limited.
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4) Deep Wells :
As mentioned in Chapter 6, deep foundation piles were adopted in the design in order to
minimize excavation for abutments and to provide a space for traffic around abutinents.

Figure 7.4 shows comp‘arisqn‘ of excavation volume between ordinary abutment and
abutment on dec:p foundation piles in the case of Bridge No.5 Mangdichu,

In deciding the fbundation 'lcvcl, the bottom of deep f{oundation piles or inverted T
abutments were designed so as to sit on the bearing strata, which extend as a “key" into the
rock or stable gravel layer about onc meier.

Deep Wells

Figure 6.12 Excavation volume
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6.5 Atignment Alternatives

The proposed bridge alignments were studied, and the most suitable alternatives were
sclected based on the results of the bridge site survey, lopogi‘aphi_cai survéy and géoiogical

survey.

The plﬁns of alignment for cach bridgc arc shown in Figllrcs 6.13106.17.

{1} No.l Ku'rizampa
For this bridge, there are three a.ltcrnalivcs; _
Alternative | : To shift the existing Bridgc to the locﬁtion of A-1, and construct a
ncw bridge at the existing bridge location IA-Z, .
Alternative 2 To construct a temporary .bridge at approximately 1 km

downstream, and construct a new bridge at the existing bridge

location,

Alternative 3 : To construct a new bridge at approximately 40m downstrcam.

Characteristics of the above alternatives are shown in the folldwing Table 6.13.

Table 6.13  Characteristics of Alignment Alternatives of Bridgc No.1

S Aleematve G Alemative 2 Altemative
Road Geometrie Vedical and  horizontal | For  temporary  bridge, | Verical and  horizontal
Condilions alignment and  gradicat § access to the existing road { atignment and  gradient

are the same as that of the { of the right bank side has § are almost the same as

_steep ventical

Foundation Exposcd rock mass exists. | Exposed rock mass exists. | Underground condition of

For temporary  bridge, | Underground condition of | the new bridge is stable.

rock mass exists. the t-zmporér)' bridge is Iard sock exists.
Scouring & Depth For temporary bridge, the ; Water depth from  the | Water depth  from  the
of River right bank scourtd‘ by the | river bed is about 12m. river bed is about 12em.

water impact. Depth of

I by Ut D 2E.  h e e e m—————
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temporary

Retaining wall on the feft

bank side should bhe
installed to protect slope

culting pottion.

h!fzsk?d fb'r,.gﬂsz!!.igh.!.-...............

Property
Existing During temporary bridge
Traffic Flow consiruction,

traffic will be temporarily
Access ta the § Accessibitity to  the
Neighboring Sctlements | settlement  areas  and

major towns are the same
as that of the exisling

oad.

Bridge & Approach Road
Length

Lengths arc almost the

same as that of the

1 exigtingroad.

ifoad.

Retaining wéﬁoniheroadI For bridge,
of the icl’l bank side | embankment and
should be instalied to | retaining wall should be
protect  slope cui!ing installed.

portion.  For temporary

bridge, embankment and

retaining wall should be

L installed

Not Necessary Not Necessary

the

During bridge

conslruction, existing
traffic will not be blocked,
Accessibility to  the

seitlcment  arcas and
major towns aré the same

as that of the existing

Not Necessary

During the bridge

consiruction, existing

traffic  will nol be
Hlocked e

For temporary bridge,
accessibilily to the seltle-
ment areas and  major

lowns are almost same as

that of the existing road,

Lengths arc almost the

same as that of the

exisingroad.

Lengihs are almost the

sama  as that of the

Based on the overall evaluation, Alternative ! is the most recommendable at this moment.

(2) No.2 Ch'amkar Zam

The proposed bridge location, whlch has no alternative, is approximately 8m downstream.

The proposed brldge lcngth Wi" be aboul 37 to 40m.

(3) No3 B_]CC

The proposed bndge !ocauon Wthh ‘has no alternative, is approximately 8m downstream

" (A- l) The proposed bndge lenglh w1ll bc about 45 to 59m.

(4) .No.4 W_ac,hy .Zam‘

* There are three alternatives ;




Alternative 1 :

Altcrnative 2 ;

Alternative 3 :

The Study on National Highway Bridge Constysction in the Kingdom of Bhutan

To conslruct a new brldgc at localxon A- 2

To sh:fl the cx1stmg brndgc {o location A-2, and conslmct a new

brldgc ai the cxmmg bridge location A-3,

To consfruct a new brndgz, alt location A- I, and comnucl a new

approach road in the rice paddy

Characteristics of the above alternatives are shown in the following Table 6.14:

Table 6.14 Characteristics of Alignment Alternatives of Bridge No.4

Hlems

Alternative |

Road Geomctric

Conditions.

Vertical and  horizonial
alfignment and gradient
are the same as that of the

existing road.

Qcourmg & Dcpth

Scouring is not prominent

Allemaine 2 .

Alematived

existing road. Access (0
the village road on the left
bank side is needed.

Vcrtlcal and horizontal | Vertical and horizontal
ahgnmcnl and verlical aiignmch_t and vertical
gradlent are ai.inqsl the | gradient are almosl the
same ?‘S‘ that of '\he ! same as that of the

existing road. Access (o
the village road on the Tefi
bank sideis needed. | .

Scouring is not preminent

Maximom

of River at  present. Maximum | at  present.
water depth is about 4m,
Cutting New  embankment  with

& Embankmeat

retaining watl is required,

waler dopth s about 4m.

It will require the same

embankment soctions as

Scouring is not prominent

at  present.  Maximum

_water depth is about 4m.

New embankment section

will become longer than

Traftic Flow

Access Lo the Neighboring

Seltdements

Joad,

construction, the existing
traffic will not be blocked.

construction, the cxashng

traffic will be temporarily

tlocked for one night. 1

long on rght bank, and | that of the existing | that of other alternatives.
shortonlefthank, i embankment. N T
Land Acquisition & Acquisition is required. § For the temporary bndge Acquisition s required.
Corapensation PWD has 1o negotiate ! land is required (o be P“;'D has {0 negotiate
Properly with thc farmers  in § leased for 1 year. PWD \-.'-i.eh the' farmees  in
Wangdue. has to ncgotiate \;vith the | Wangdue.
R o L famers in Wangdue, 3
Ixisting During new brliqgc During temporary bndge Durfng new pridgc

construction, the exisiing
traffic will not be blocked.

Accessibility to the
sctilement arcas and the
major tawas are the sé_me

as that of the existing

_Access:bmly to

the
settlement arcas and the
major towns ar; the same
as that of the exisli'ng
road.

'malor

Auesmbnlny to the
sdllemem al'eaa and the
fowns mlk be

almost the samc.
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i Bridge & Approach Lcngths are aimost the | Bengths are almost the E Lenpih of apptoach road j
i
ERoad Length same as that of the j sam¢ as that of the : is longer than  other

Do . ENISHING 102, exisfingroad,  falematves,

Based on the overall evaluation, Alternative 1 is the most recommendable at this moment.

($) Bﬁdgc No.5 Mangdichu

There are 3 alternatives ;
Ailefnalivc I : Toconstruct a new bridge on location A-1,
Alternative 2:  To construct a new bridge on location A-2,
Altcrnali\'e 3: To construct a new bridge on location A-3.

Characteristics of the above alternatives are shown in the following Table 6.15:

Table 6.15 Characteristics of Alignment Alternatives of Bridge No.5

Altemative !

Road Geometric Horizontal alignment will ¢ Horizontal alignment will ;| Horizontal atignment will

Condition. be shifted to 8m upstream. | be shifted to 8m down | be shifted to aboul 6Om
Realignment of road | stream. downstream.

around the Chortien s

S _mecessary. i S

Foundation The exposed rock mass The ground stratum till

Ground condition on the
on the right bank side is | the depth of 18m from the § right bank side is stable.

slable though the surface | road surface on the right
of rock has many cracks. | bank side scems unstable
due to the cxistence of

serious fractures on the

Scouring & Depth Scouring is nol prominent § Scouring is nol prominenl | Scouring is not promincnt
of River at present, but on the left § at present, bul on the feft { at present, on bolh the

bank side slope protection | bank side slope profection § bank side slope protection
should be provided to ! should be provided to § should be provided to
prevent scouring. Depth is | prevent scovring. Depthis | preveat scouring. Dopth is

_about 10m. _2bout 10m, i aDOUL O,
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Cuiting

& Embankment
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Lmb:mkmunl seetion

on the lefy bank side and
culting section “on the
right bank sidg requires
adjus!mcnl in the vertical
Clifr on the
right bank side should be
cut and widened to make

dlignment,

Land Acquisition &
Property
Compensation

Existing

Traftic Flow

Access to the Neighboring

Settlemonts

Bridge & Approach

Road Lenglh

Alignment passcs through
the PWD land on the left
bank side,

Police house on the right |

Embankménl séclion ‘
on the left bank side aﬂd
cutlmg section on lhc
nghl bank side rcqums
adjustmeni in the vedical
CHff on the
right bank side should be

cul and widcned to made

al:gnmem

workingspace. 1

Alignmeat passes through
ih.e PWD land on the :léﬂ
bank side. :
PWD house should " be

Embank qze:ni section

on the left bank side and
. the
fight bank side requires

cutting. section on

adjustment in the venical
Cliﬂ' on the
nght bank side should be

al ignmcnt.

'cul and mdmcd to’ make

.“f‘fk“‘& space. ot

Ahgnmcnt passcs lhrough
the PWD land on the leit
bank side.

P_WD houses should be

towns arc the same as that

Loftheexistingroad, -

Approach road length is

longer than Alternative 2.

Allernative 3 is the most recommendable al this moment as based on the overall

cvaluation.

towns are the same as 1hat

Jofthe cusung road

Approach road lenglh is

shorter than the other

G Altermatives,

i bank should be relocated. | relocated. ‘ reigg_ggpd.
To keep the existing | To keep the existing To' keep the existing
traffic Mow, the | teaffic flow, the | traffic flow, the
construction method | construction mcthod | construction method
should  be  planned | should be  planned Should © be plahncd

Socaefully. carefuily, , .ocarefully,
Accessibilily {0 the settle- Accessnbmly to the setlle— Auessnblhly to 1hc smk-
meat arca and major | ment area and major ment area and  major

{owns are the same as that

oftheexisting road.

Approach road length on
the left bank is longer

_than Altemative 2,
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© Figure 613 Plan of Alignment Alternatives for Bridge No. 1 Kurizampa
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Figure 6.14 Plan of Alignment Alternatives for Bfi'dgé No.2 Ché;ﬁkaf'Zém

{Not to scale)
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Figure 6,15 Plan of Alignment Alternatives for Bridge No. 3 Bijee

(Not to scale)
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WACHY ZAM

Figurc 6.16 Plan of Alig‘nméntb 'Allc:mﬁtivcs for B.ridéé No.4 Wachy Zam

(Not o :scalé)' '
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MANGDICHU

Figu're 6.17 Plaﬁ‘of}\lignmenl Alternatives for Bridge No. 5 Mangdichu

(Not to scale)
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Evalvation of Alternatives

Comparison of allernatives and resulls of evaluation are sunymarized as shown in Table

6.16.
Table 6.16 Comparison of Alteratives and Results of Evaluation
Bridge No. |Bridge Width [Bridge Length |Bridge type Evalvation |Bridge Align- |Evaluation
(Superstructure) ment
1 55m 54 m Plate Girder X Alternative 1 O
Truss X 2 X
Truss {Pony) 0 3 X
2 75m 43 m Plate Girder X No Altcrative
‘Truss X
Truss (Pony) O
3 55m S0m Plate Girder X No Allernative
Truss X
Truss (Pony) O
4 55m 43 m Plate Girder X Alernative | 0
Truss X 2 X
Truss (Pony) QO 3 X
5 55m {00 m Langer X Alternative 1 X
Lohse O 2 X
3 O
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