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Technical Notes

Basic Design Study
on
the Project for Reconstruction of Umi Bridge Along the Highlands Highway
in
Papua New Guinea

In compliance with Item (1) of Article 8 “Other Relevant ltems ™ in the Minutes
of Discussion signed by Both Sides on August 22, 1997, this technical note has been
prepared by the team to confirm the various design criteria and bridge type to be applied
in the study.

After a series of discussions with the concemned officials of the DoTW and the
study team, both sides have finally agreed and confirmed the main items described in
the attachments.

This agreement is subject to final approval by {CA Headquarters.

Port Moresby, August 29, 1997

Y Gohins W
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Mr. Hisashi Ohshima Mr. Bob Dalrymple
Chief Consultant A/Principle Engineer(Bridge)
Basic Design Study Team Department of Works

Mr. Rupa Kalamo
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(Roads & Bndges)
Department of Works
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ATTACRMENTS

(1) Geometrical Criteria

Referring to Part 2 of Road Design Manual by the Department of Works and the
geometrical standards of Ramu Highway Upgrading Project and National Road
Improvement Project financed by the European Union and by OECF respectively, the

following geometrical criteria to be applied in the study have been formulated by the
team.

Geometrical Elements | Applicable Criteria Remarks
-Road classification National Highway
-Design speed Mini. 80 kmv/h Traffic category 15 heavy
(400 vpd)
-Honzontal curves Desirable R=340 m
Minimum R=250 m
-Gradient General max, 6%
Absolute max. 8%
-Crossfall 3% Sealing Surface
-Superelevation Max. 7% When radius is less 300m
and more than 100m
-Superelevation  transition | 65 m When
length V=80 Wh=6.5,SR=0.07
-Number of Janes one each way
-Lane width 3.25 m wide with bituminous surface treatment
-Shoulder width 2 m wide I As same as the existing

2) Typical Cross Sections

The tvpical cross sections of the road and bridge as shown in Figure-1 have been
determined based on above geometnical cniteria, those of the similar projects and the
existing conditions of the Highlands Highway.

(3) Basic Coafigurations of Proposed Bridge
The basic configurations such as the bridge location, approximate bridge length,
minimum span required are examined as follows;

(a) Bridge Location
The new Umi bridge wilt be located 15 m down stream side from the center line of
the existing bridge in parallel with the existing bridge based on the following
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reasons:

* The river bank at just up stream side of the Lae side abutment has been extensively
eroded. Proviston shall be made for extensive bank protection to the abutment.

» The existing abutments can be used as river bank protection for the new bnidge.

(b) Desirable Total Bridge Length

In general, a desirable total bridge length depends on flood peak discharge with an
appropriate returm penod. To estimate this figure, several empirical formulas as
stipulated below are published by various agencies.

L=0.540~082+« Q¥ cemeem-e. (1) By Sabo Standard by MOC in Japan

L=330~4920 QU teauaiinaes {2) Lacey’s formula
Where: Q= Flood Peak Discharge
L = Desirable bndge length
/1- Applicable to a river with stable water course
£2- Applicable to a river with unstable water course

Based on the above two formulas, the desirable bridge length of Umi bridge for

which the water course is unstable with peak discharge of about 1,200m3¥/sec is
approximately 160 m.

( ¢ ) Minimum span length
In order to prevent water way becoming clogged, a minimum span length is also
given by the following formula for reference purpose.

L= 304 + 0.005*Q, where L= minimum span length,
Q= peak discharge
/1 Instead of 20 stipulated in Sabo Standard by
MOC in Japan, 30 is applied taking in account the
long logs deposited in the river.

From the above formula, it is concluded that the span length of Umi bridge shall be
more than 36m.
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(4) Optimum Bridge Type Selection

(a) Bridge Altermmatives .

Taking into account the basic configurations assessed above and the need for
earthquake resistant structure ( Bridge type A, ductile and fully monolithic) as
recommended in Earthquake Engineering for Bridges in Papua New Guinea, 1985
Revision, following bridge alternatives are formulated.

, Total Bridge
Bridge Alternative Length Span Arrangement
A-3 spans continuous steel box girder 160m 55m+50m+55m
B-3 spans continuous steel plate girder 160m 55m+50m+55m
C-3 spans continuous steel truss 160m 55m+50m+55m
-3 spans continuous P.C. box girder 160m 55m+50m+55m
E-4 spans continuous P.C. | section girder 16Cm 4(@40m

The evaluation of each alternative is carried out as shown in Figure- 2.

(b)Selection of the Optimum Bridge Type

The present situation with the existing bridges and the bridee construction practice
in PNG are as follows:

* The only cement factory in PNG is the one available in Lae city which produces
normal portland cement. However, the test quality results are widely scatiered and
high early strength cement which is a requisite for prestressed concrete is not
available.

* The major bridge construction matenals such as steel plates, reinforcing bars, PC
cables & tendons are not available locally at all.,

* The main tvpe of bridges existing in PNG are steel bridges, which are selected as a
consequence of better quality control and earthquake proof aspects.

« No local contractors with P.C. bridge construction experience,

Based upon the above mentioned construction situation in PNG and the results of
alternative evaluations, Alt-B 1.e. the 3 spans continupus steel plate girder type of
bridge 15 selected as an optimum bridge type for Umi bridge.

it 1s noted that the final span arrangement to be applied in the basic design will be
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adjusted based on final topographic survey map to a scale of 1: 500.

{(5) Bridge Design Criteria _

As agrecd in the Minutes of Discussions dated on August 22, 1997, the bridge
structure shall be mainly designed using “the Japanese Bridge Specification “ except
those due to local conditions such as thermal and seismic effects.

» Applicable live load shall be “B Loading” stipulated in the Japanese Specification.
It 1s prudent that application of the “B Loading”, which 1s about 14% heavier at a
span of 50m than L44 lane loading in the “92 Austroads Bridge Design Code” as

shown in figure below, is appropriate taking into account that most of the heavy
trucks passing the highway are overloaded.

Comparison Of Bending Moment Due To Varirous Live Loads

2,500

2,000

1,500

1,000

Moment (tf.m)

‘——B Loading !
| —%— A Loading E
© L44 Loading |
10m | T44 Loading |

30m 40m 50m 60m
Span Length {m)

* The Heavy Load Platform Loading specified in the Ausiroads Bridge Code shall
not apply.

. Superimpdsed dead load of 1.0 kN/m? on the completed carrigeway shall be
considered for an asphalt overlay of 5 ¢cm thickness.

» Design for Earthquake Forces shall be to the requirements of Earthquake
Engineering for Bridges in Papua New Guinea, 1985 Revision.

» The effective temperature gradient (T) shall be 20°C for all areas of PNG.
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» Forces due 1o Log Impact shall be calculated in accordance with Article 2.10.6 of
the Austroads Bridge Code

+ Where concrete decked bridges are not provided with an additional deck wearing
surface, the concrete cover to the carriageway surface shall be increased by 10
mm.
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OUTLINE OF THHE STUDY AREA

The total arca of the Umi watershed is about 700 sq. km. And the clevation change from
400 meters at the bridge site to about 4000 meters above sca level. Due to excessive
landslide activities in this watershed as a consequence of carthquakes or other, the
discharge of sediment to the Markham valley is very high. Therefore, the bridge site and
the road in this scction is highly vulnerable to debris and mudflows. A recent
earthquake registering 7.1 on the Ritcher Scale occurred in this arca killing more than 37
inhabitants, It was said that the aftermath of this earthquake was considerable, causing
large number of landslides, flooding and discharging heavy sediment load in the down
stream. It was said that these high discharge could irrevocably alter the river planform,

which have to be thoroughly investigated in structural development in the Highway
system.

Considering these disastrous activities in the mountain region and consequences in the
river valley, it was attempied to estimate the annual soil production that could discharge
at the bridge site in the study.

ACQUISITION OF REMOTE SENSING DATA

Consideration was made to two aspects of the present study in acquiring remote sensing
dala. The purpose of the present study is to estimate the annual soil production with
limited data that is available for the present study area and for most of the watersheds in
the Study Area. Specifically, data were screened out to find out usable sets to estimate
the conscquences of 1993 landslide.

The following information of the sclected datasets,

Sensor Date Comment

Landsat TM | 1993 September 19 | Before the earthquake

Landsai TM | 1994 July 20 After the earthquake
Landsat TM | 1996 April 20 Identify changes in 94-96
SPOTP 1994 April 4 Identify finer landslides

Field visits were carried out in 1997 August. Due to difficulty in access, field
invesligation was carried out only up to few kilometers of Ufim river, and Umi river.
During this investigation, photographs were taken to compare with satellite data in
establishing land cover lype and the condition of the riverbed, Further, riverbed
materials were investigated and the general material propertics were observed.

In addition to satellite data the following data were collected for the present study.

Geographical Maps 1:250,000
Geographical Maps 1:100,000
Climatic Records

Reports on Landslides and Earthquakes
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REMOTE SENSING AND Figure 1 Landsat TM false color image
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SYSTEM (GIS) ANALYSIS

Figure 2 Landsat TM false color image

{ July 20,1994 )
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Figure 3 Landsat TM false color image
( April 20,1996 )
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3. METHHODOLOGY

The soil volume produced from the failure area by the earthquake were calculated by the
Geotogical Survey of Papua New Guinca in 1995 from satellite images and aerial
photographs. According to them, identification of failure zones is important to estimate
the soil volume produced by the earthquake. False colar image of Landsat Satellite
images was used to identi{y the failure zones. The zones were estimated by subjeclive
means from the hue of the image, which was zoomed to 1:100,000.As a result for the
1993 carthquake in Umi river basin, a failure arca of 20km2 was identified. Present
failure arca is assumed as 25km?2. The soil volume produced from the failure arca by the
carthquake was estimated the at 500 million cubic meters,

In our study, the analysis was carried out with the following themes;

* Amount of soil produced by the 1993 carthquake
* Amount of soil yield {volume) by remote sensing and GiS technology
* Vegetation recovery status

ESTIMATION OF SOIL Y1ELD DUE TO THE 1993 EARTHQUAKE

Identification and estimation of landslide arcas, and the volume of soil production due to

Failure after earthquake (SPOT94) I I Failure after earthquake {Landsai®4) I
[ }

I Fzilure before earthquake (Landsai®d) l

+ ¥
Diffecerce image 1 Differcace image '
1

I Failure trigeered by earthquake {Landsat94-93 + Spot) ]

' }

I Slope cotreciion I [ Classiication of Failure I

6 >35dep. & = 35deg.
. [ Surficial Failere I I Landslide I

Depth of failure ;
SL;I?'ICIAL FAILURE™ D ¢E Depth of failure I
=3>m
* 1 Actual condition of landshde disaster ; repoit of Soil volume by Soil volaume by I
Pubhic Works Research Institule No.2383,1988 SURFICIAL LANDSLIDE
(fapanese)
*2 ACTUAL STATISTIC OF LANDSLIDE : LT_!
REPORT OF PUBLIC WORKS RESEARCH
Soil volume produced by earlhquake ia 1993
123.450,000M° I

Fig.5 Flowchart of analysis



the 1993 carthquake, and the annual average soil loss was carried out using satellite data
and topographical maps. These information were integrated into a GIS database and the
analysis was carricd out in the GIS environment. Further, 1eports published on the
carthquake, photographs abtained over the damaged area were used as supporting
information in the analysis process. The conceptual flowchart of the analysis is shown
in Figure 3.

(1)

)

Estimation of tandslide area due to 93 earthquake

The landslide arcas were estimated using Landsat Thematic Mapper (TM) data
acquired before (1993.09.19) and after (1994.07.20) the carthquake. After pre-
processing and peocording these two dates were analyzed as shown in Figure S.
Landslides on both of the satellite dataset were estimated, and a difference image
was created with these analyzed datasets depicting the landslide areas due to the
1993 carthquake. Further, 10 identify finer failures, landslides identified on high
resolution SPOT data (1994.04.04, after earthquake) was fused with Landsat TM
before the earthquake. Both of these difference images were integrated in a GIS
database, and landslide areas after the earthquake was extracted.  Shifting
cultivation, crop lands that resemble the spectral patterns of landslides were
excluded from the above estimation using photographs obtained in the field.
Surface area of each landslide identified with satellite data was rectified using
surface slope, which was calculated using contour data integrated in the GIS
database. Consequently, relationship of landslide area with the surface slope was
established, and the landslide area within cloud cover portion was estimated based
on this rclationship. Figure 6 shows the distribution map of failure occurred after
1993 earthquake. The tolal surface arca of the landslides occurred after the
earthquake was estimated at 21.5 km?, which is about 3% of the watershed area.

Estimation of Soil Yield due to 1993 Earthquake

Landslides occurred after 1993 earthquake could be considered in two types
according to published reports, (BGC, 1995 and Tutton, 1995), and with reference
to helicopter photographs obtained just after the earthquake. These tow types can
be defined as Surfacial Failure, and Landslides. Failure depth, surface slope and
the movement of these two types have different characteristics, Table 1. Landslide
areas estimated by satellite data as explained earlier are subdivided into these two
types.

GIS overlay was carried out, and the failures that had been occurred in areas where
the slope angle is greater than 35 degrees were referred surfacial failures, and rest
landslides. Failure depth of these two categories were defined and the total soil
toss was estimated. The depth was defined as follows;

*  Surfacial failure 3.5 meters _

+ Landslide Failures estimated by remote sensing were converted into
polygon, Width of a failure was defined as the width of a
square of that have same surface area of the polygon being
considered. Depth was defined as 1/8 of the width.
Further, shape of the stip surface is defined as spherical
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Given the above condition, produced soil volume duc to the carthquake was estimated at
the sum of above two types. The total volume was estimated at 124,390,000 m>, where
65,160,000 m> due to landslides, 59,230,000 m’ by surfacial failure,

AYERAGE ANNUAL SOIL LOSS IN THE UMI WATERSHED

In the previous section, the volume of the soil produced due to the carthquake was
estimated. Whole of this soil is not discharged at once into the floodplain, A portion is
discharge with the water flow, and a part is accumulated in stream. These accumulated
soil is discharge with the increase of water flow, or after reaching a cerlain surface slope
that is unstable to hold the increasing deposit.  These newly created landslide areas
susceptible for surface crosion, increasing the discharge of the watershed.

Analysis of channel changes, and soil production of a watershed similar to Umi with
about 703 km2 has to be carried out in lwo aspecls; spatial change of river form and
movement of sediment, and simulating these phenomena in time scale. In reality, these
type of analysis is hard to carry out due to lack of accurate and continuous data. Further,
these detailed calculation requires quite high investment. In this report, a method was
established to estimate the crosion in a torrent river. It is assumed that the soil produced
by failures and surface erosion accumulate in sub-streams, and discharge depending on
the transport capacity of the water flow.

Generally, the annual sediment discharge of a torrent stream (E) can be represented as
below;

E=E‘:5+Ef+Ese

E; Average annual surface ¢rosion
E; Average annual soil volume due to failures
E,. Average annual riverside crosion

(a) Estimation of average annual surface erosion (E;)

In calculating annual soil loss, USLE was used. This equation considers factors
shown below, and the total annual soil loss is the sum of erosion produced from
land cover categories, such as forest, grass lands, bare lands found in the

watershed. According to USLE, the annual surface erosion can be estimated as
below;

Ey = FRE4 ) (W 35 (Bf 17 )T

Here, F annual base erosion
R Conservation factor
S Surface slope
L Siope length
P Rain {all



66.

(b)

In the present study, remote sensing dala, lopogeaphical maps were used in
estimating E;. The annual surface erosion in the Umi watershed was estimated as
1,941,000 m’ /ycar,

Annual soil preduction volume due to failures (Ep)

It was obscrved that some of the failures were establishing with natural re-
vegetation. Also, it was found that failure rate is lesser than the re-establishing or
re-vegetation rate. This factor is hard to estimate as no ground information is
available, and the sutface erosion factor Esis partly explained the soil loss in the
failure arcas, the soil loss due to Ej was ignored in the present sludy. The
following table shows the failures and re-vegetation in the Umi watershed.

Arca Analyzed Total Arca
(no cloud cover) | (Analyzed & Extrapolated)
290.167 sq.km 703.150 sq. km

failures observed in 1994, 96 4,379 10,612

failures in 1994, re-vegelation in 96 2.588 6.272

vegetation in 1994, failures in 96 1.354 3.280

©

Average annual riverside erosion (Eqc)

This was estimated in the GIS environment calculating riverbed gradient using
input elevation data. The riverbed gradient was divided into five categories,
namely, (1) O to 3 degrees, (2) 3 to 10 degrees, (3) 10 to 15 degrees, (4) 15 to 30
degrees, {5) greater than 30 degrees. The width of the riverbed was defined as
0,1,3,12,15cm, and the depth of erosion was assumed as 0.5 meters.

Figure 7 shows gradient map of Umi riverbed.
Then the estimated soil volume of riverside crosion was 28,000 m’/year.

Following the above estimation described under (a), (b), (c), the total annual soil
Joss of the watershed is 1,969,000 m/year (E; + Es.).

VEGETATION RECOVERY STATUS

In general, if surfaciat failure occurs, the vegetation recovers fapidly in the tropical zone.
Satellite image immediately before the earthquake in 1993 show that the catchment arca
is mostly covered with forest with negligible failure area, in spite of the fact that the
earthquakes have occurred periodically the past lime.

In this project, in order to evaluate the rate of vegetation recovery we analyzed the status
of vegetation after earthquake in1993 with that in 1994 and 1996.
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Vegetation index

The Cells in plant leaves are very effective scatters of light because of the high
contraci in the index of refraclion between the water-rich cell contents and the
interccllular air spaces. Vegetation is very dark in visible (400-700 nm) and very
bright in near-infrared ( 700-1300 nm ).

The most commonly used vegetation index is the Normalized Difference
Vegetation Index (NDVI).

Situation of vegetalion recovery

The following NDVI recovery model was applicd to cstimate vegetation after
failure in Papua New Guinea.

Here  M: Value of maximum NDVI change
K : A constant number of recovery speed

NDVIp : Value of NDVI after landslide

In general, the above
growth curve formula, also
called Mitscherlich growth
law, was applied to estimate
average tree diameter and
average tree height
(Nagumo(1987)).

In this sludy, the k
parameler was estimated for
1994 and 1996 from the : i

corresponding satellite 0.2 %—

. w15 0 B 30
images. (122}

ANDVI = 6.228 ¢ 0.528 ¢ (1.0 - exp(-0.2641) )

As a result, it was estimated
that most of the vegetation will recover within 20 years.

Figure 8 Resull of regression analysis
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