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No.18 Jahazoona Dak Bridge

-« As shown in Fig. 4.12, the topography of the proposed bridge construction site

have one river terrace and two flat plains along the Sakhakot river.

Fig. 4.12 General Geographical Features of the No.18
Jahazoona Dak Bridge

Elevation of the terrace is 460 meters, and 15 m from the river-bed. Slope of
the terrace cliff is steep with about 45 degrees and the terrace has a wide

spread. Dargai and Sakhakot hamlets and crop lands are found on this terrace.

Flat j}lain of the area is shov?n in Fig. 4.12. This lies below the terrace and

comprises two distinguishable flat surfaces. The upper flat plain (F1) has an

~ elevation of 450 meters, and distributed along the left bank of the Sakhakot

river.

| The lower ﬂat piam, (FI) extends over the bed of the present Sakhakot river

'- with an elevation of 446 m, and 40 meters above the Sakhakot river bed. This

plain is largely dlsmbuted over the left bank of the Sakhakot river and a

'(_narrow stnp on the right bank. On the right bank of the nver, sandstone
deposit is found. Jahazoona Dark to Gawar Kﬂley road passes over both sides

of thls plain. As the road approaches the river, it takes a declination towards
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the lower portion of the upper flat plain, and crosses the river over the existing.
bridge. As the existing bridgé is located in a low altitude, usage of this bridge
during high flood season is hampered. The new bridge site is planned on the
upper flat plain to avoid these inconveniences. o o '

No.19 Totakan Bridge

Characteristics of this area can be explained by the following two factors. (1)
As shown in Fig. 4.13 river flat plain and river terrace can be found along the
Swat river. The river flows in the west direction and is 70 m wide. (2) As
shown in Fig. 4.14, surface of the terrace cliff on either side of the river has a

different formation. . |
< > | ] -
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Fig. 4.13 General Geographical Fe’atures of the No.19 Totakan Bridge

Elevation of the terrace surface (D) is 790 m and 20 m above the river bed.
Terrace is distributed on either side of the Swat river. Elevauon of the flat
plain (F) is 680 m, and 8 m above the river. This is located on the left side of
the Swat river, and houses are built on this plain. 'An abut of the existing
Totakan bridge is under consiruction. The flat plain and other side of the SWa_t
river is widely used as crop lands. Terrace cliff on the left of the Swat river
has about 45 degrees of stéep slope. Totakan-Kamala road is lccate'd on the

 steep slope on the left bank of the river. Schist is cropped out on the slope of

this road. As shown on Fig. 4.14, the terrace chff on the nght bank of the
Swat river is used as crop lands. These crop lands extends from 660 m to 680
m in elevation at 1 m steps, | |



- 'The existing bridge is shown in Fig. 4.13, The bridge was constructed at the
- narrowest portion of the Swat river. The new bridge is planned 100 m down

- stream from the existing bridge. This bridge will be consiructed to make full
use of the new road now under construction.

(11) No.20 Sakhakot Bridge

As shown in Fig. 4.15, characteristic of the topography of the proposed bridge
construction site is the river terrace that spreads along the Sakhakot river.

Fig. 4. 15 General Geographical Features of the No.20 Sakhabot Bridge
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Elevation of the terrace_ (T) is 488 meters, and 15 m above the river bed. Wide.
distribution of the Sakhakot river is shown in Fig. 4.16, which forms a U
shape. Massive rolling stone with diameter of about 2-3 meters are located in
the river. Presence of these stones could retard the flow of the tiver. The
Sakhakot road that starts from Sakhakot bazaar runs through the terrace and
meets the Sakhakot river bank at the existing bridge site. Elevation of the
existing bridge site is 480 meters. After crossihg the bridge, the road inclines
and reaches the terrace. The low elevation of the existing bridgé make it
vulnerable to high floods. A new road will be built over -the terrace by
changing the course of the existing roads.

SakhakeT River.

Fig. 4.16



4,2.3 Geological conditions of Bridge Foundation

(1) No.1 Narlai Bridge

@

A ‘.limesto_n_e layer is distributed 10-20 m from the surface, and river sediment

is located _ab_ove’ the limestone layer. Therefore, the river foundation has to be
set up on the river sediment layer or on the limestone.

River sediment is formed by a mixiure of sandy Sih and boulders. On the

~ground surface, diameter of boulders is about 1-1.5 meters but due to
limitation in the boring machine, diameter of the observed boulders was 6-12

cm. The S.P.T test were hindered by the rebound action of boulders where the
direct penetration is warranted. Also, a boulder layer with satsifactory width
was not found. Therefore, the boring resulis can not be taken as satisfactory
results when deciding the position of the foundation. If the foundation is
planned on the sediment layer, changes in the depth of the foundation and
other unseen problems could OCCur.

In contrast to this, ii was found from the boring results that the limestone is
grayish white, hard and has a massive core. This indicates that the limestone
is better for constructing the foundation.

It was estimated that the limestone compressibility is over 400 kg/cm? and the
shear strength is over 10 kg/cm?. '

No.5 Pashorai Bridge

In this region the ge'oiogy can be described by terrace sediment, river

~ sediment, with gneiss as the base rock.

- The results of boring in_veétigation done at the river bed and the abutment

Jocation of the new bridge shows that the geology of this area can be divided

into two categories. The first layer is the boulder layer of river sediment.

This layer is distributed 5.2 - 6 m from the ground surface and is formed by a

* mixture of clay-clayey sand and bouiders. Boulders are comprised of granite

" with diameter of 9 - 35 cm. The S.P.T. test results during the drilling were

hmdered by the rebound action of boulders.

Below the first iayer, a gnenss layer was found at the depth of G.L-5.2 - -6.0m.
This gnelss is a partly weathered 1ayer comprising altered mafic minerals.
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Therefore the second layer is suitable for the bridge foundation as the first
layer is thin and the strength of the second layer is sufﬁcwnt for the
foundation of bridge. In such a case, that direct foundation on the gnelss layer
is recommendable. Also the strength of gneiss is _expected‘ to have a cohesion
of 30 - 40 t/m?, inter-friction angle of 35 degree and compressibility of 100 -
140 kg/om?,

No.7 Panipa Bridge .

Iin this area there are river sediment, taius sediment with gramte as the base
rock. The talus sediment is distributed only along slopes '

In this geologlcal layOut the tower and anchor foundanon of the new bridge 18
planned to be set on the granite distributed area, and construction road is to be
located on the talus sediment distributed area.

Granite rocks in this area are very hard and sometimes have gébbr9 intrusions
with garnets, The bridge planning area is located at the granite outcrops.
These grah_ite‘irocks c‘brresponds_ to the CM class in the classification of rocks.
Therefore, the strength of the granite rocks is expécted to hav a cohesion of 50
- 60 t/m2, inter-friction angle of 35 - 37 degree and compressibility of about
400 kg/cm?. :

There are two problems in this bridge construction. One is the looseness of
granite rocks. On the right bank of the Indus River, the granite rocks have
many open cracks. These cracks shows that its strike is north 50 degree east
and dip is 40 degree toward east concordant with ground surface slope. These
cracks are called Seating Jointé,_ and were formed by the long natural
relaxation of rocks during the erosion of Indus River. Accident could occur
during the construction stage or the opening stage of this bridge unless proper
countertneasures are taken against these looseness of granite rocks.

Another problem is the instébility. of the talus sediment distributed on the
slope of the left bank of the Indus River because the thickness of this sediment
is thin. Therefore, flexible gabion wall, which would w_ithst'a_nd:_the earth
preésuré of slopes and prevents any damage to road in a slope faila_fe must be

provided along the construction road. If the talus sediment should cause a_
failure, the setting of reinforcement bar vertical to the ground as temporary

countermeasures is recommendable.
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(4) No.11 Choni Bridge

In this region the geology can be described by terrace sediment, river

sediment, and fan sediment with slate as the base rock. But slate was not

* observed by drilling at the bridge site.

S

The result of the drilling shows that the boulder layer of river sediment and
fan sediment are distributed 20 m from the ground surface. This layer is
formed by clayey sand bearing boulders.” Boulders are comprised of granite
‘with a max. diameter of 50 cm. The S.P.T. test results during the drilling were

- hindered by the rebound action of bouiders.

As the thickness of the boulder layer is-about 20 m, it is recommended to

‘construct a pile foundation for the tower into the boulder layer, which could
stand against scoring by the water flow, and a direct type foundation for the

suspension anchorage.
No.12 Khal Bridge

The geology of the area can be divided into four categories; Detnitus (Dy),
River sediment: (Rs), Terrace deposit (Tdgl) and Granite (Gy). Detritus is
composed of silt and clay with cobble stone and distributed along the NCC
road and t_h’e dumping site. Terrace sediment consists of sand and boulders

“with large boulders of granite. This is distributed at the left side of the’

Panjkora river. Therefore, the foundation in the river has to be setup on the

river sediment layer or on the granite layer.

From the boring results, it was found that the river sediment is formed by silty
sand with granite boulders with diameters of about 3-11 cm. The S.P.T test
results were hindered by the rebound action of boulders. Also, a boulder layer
of satlsfactory width was not found. Therefore, the boring results can not be

_used as a reliable data when deciding the position of the foundation. If the

foundation is planned on the sediment layer, changes in the depth of the
foundation and other unseen problems could occur.

In contrast to this, gra'nité was found at about 20-30 m depths from the
s@rfa_(':e, and the upper surface of the granite layer showed very gentie slope.
Also, it was found that the granite is white, compact and very hard.

'Therefore, thls place is su:table for canstruclmg foundatlon for the proposed

" ' bndge
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It was estimated that the limestone compressibility is over 400 kg/em?: the
internal friction angle over 35 degrees, cohesion over 40 degrees and Vp over

2.5 km/sec.

No.14 Bukari Khawar Bridge

In this region, the geelogy can be also describec by the errace sediment, 'rive_r
sediment, with granite as the base rock similar to the Haya Serai-Bridge.

However, bormgs performed at the river bed and abutment of the new bndge
could not reach the surface of the granite layer. The result of the boring
investigation shows that the boulder layer of river sediment is distributed
about 21 m from the ground surface and the boulder laye'r'-'is' formed by a
mixture of clayey sand and boulders. Boulders are comprised of granite with

- a max. diameter of 100 cm. The S.P. T. test during the drilling were hindered

by the rebound action of boulders The N value recorded only once showed
30. Therefore, the boulder layer is considered suitable for the bndge
foundation as the boulder layer is thick and direct foundation on the boulder

layer is recommendable.

"No.lﬁ Kajdohl B'ridge

In this region, the geology can be. described by the terrace sediment, river

‘sediment, detritus with granite as the base rock.’

The result of the boring investigation performed'at the river bed aﬁd abutment
of the bridge shows that the geology of this area can be divided into three
categories. The first layer is the top soil comprised of clayey sarid-sandy clay
This layer is distributed about one meter from the ground surface.

The second is the boulder layer of river sediment. This layer is distributed at
about 11 - 15 m below the first layer and is formed by a mixture of clay -

clayey coarse sand and boulders. Boulders are comprised of granite with a

max. diameter of 80 cm. The S:P.T. test during the drilling were hindered by
the rebound action of boulders. ' ' |

Below the second layer, the third layer, a granite layer was _fouri_d at the:depth
of G.L. -12 t0 -16.0 m. This granite is very hard with white gray color. o

From these geological conditions, the second layer is considered to be the

most suitable for the bridge foundation as the boulder layer is sufficiently
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thick to be stable and therefore, the direct foundation on the boulder layer is
recommendable.

No.17 Peer Baba bridge

In this region, the geology can be described by the alluvium sediment with the
Devonian and Silurian granite and meta-rocks as the base rocks.

The results of four boring test performed at the river bed and abutment of the

. new bridge shows that the geology of this area can be divided into three
categories. The first is-the upper boulder layer. This layer is distributed at

about 5.-6 m from the ground surface and is formed by a mixture of coarse
sand and boulders. Boulders are comprised of granite. The S.P.T. test during
the drilling were hindered by the rebound action of boulders.

The second is the clayey layer having a thickness of 10 m below the first
layer. The S.P.T. test shows that this layer is so loose and has a N value of 4 ~
20. | |

Belov& the second layer, the thir& layer, a boulder layéf was observed at a
depth of G.L. -15 - -16.0 m. The S.P.T. test of the lower boulder layer during
the drilling were hindered by the rebound action of boulders. :

From these geological conditions, the third layér is considered to be the most
suitable for the bridge foundation as the upper boulder layer is thin and the
clayey layer has not enough strength and therefore the pile foundation on the
lower boulder layer is recommendable.

No.18 Jahazoona Dak Bridge
Geology of this area can be divided into the following 6 categories :

(1) River sediment 1 (Rdl), (2) River sediment 2 (Rd2), (3) Detritus 1 (Dil),
(2) Detritus 2 (Dt2), (5) Sandstone (Ss), (6) Mudstone {(Md).

Detritus .1- and 2 are composed'o'f sand and boulders. Detritus 1 is a

" composition of materials distributed on slope, and consists of loam and sand

with cobble.

Detritus 2 is formed by Joam and sand with cobble and distributed in flat
fafé’as‘.-"River sediments and Detritus sometimes are found in reddish color,

hard and conglomerate 'rolki'ﬁg stones with a diameter of about 1-2 meters.



This distribution is not continwous. The formation can be due to the
temporary cementation of calculus liquid.

Below the river sediment, rﬁudstone layer and sandstone layer is distributed.
Sandstone layer has a grayish blue color and composed by fine sand and

coarse sandstone.
Mudstone layer has a dark grayish color and massive.

River sediment and detritus are not well cemented and the N valie on the
S.P.T. test was below 30. Therefore, these layers are not considered suitable
for construction of the proposed bridge foundation.

In contrast to thlS, the N value of the sandstone and the mudstone layer m the
S.P.T. test was in the range of 30 to 50. Also, these are soft_ rocks.
Continuous disuibl_iﬁdn' in the lateral directi:ori,' therefore can be considered as
suitable for foundation construction. According to the rock classification, the
qu of mudstone and sandstone was about 5-10 kg/cm2 Wlth these
observatxon the following 1mportam pomts tan be enumerated,;

1. The foundation of the bndge should not be placed on the reddish color
conglomerate rolling stone. '

2. Mudstone and sandstone have a slaking characteristic. ‘Therefore, these
" could be subjected to easy weathering. ‘To avoid this, excavation has to be
fast and soil layers after work have to be protected from exposure.

(10) No.19 Totakan Bridge
Geology of this area can be divided into the following 7 categories: -

(1) Detritus (D), (2) Terrace sediment (Ts), (3) Old river sediment 1 (Ors1),
(4) Old river sediment 2 (0r32) (5) Weathered schxst (Wsch), (6) Pelmc schist
(Pel), (7) Psammitic schist (Psa).

Detritus is distributed along the left side of the Swat river, and composed of
silt and loam with cobble.” Thickness is-about 1 meter. This layer can be
considered as the soil that have been deposned during the constructlon of
Totakan-Chakdara road '

On the left of the Swat river weathered schlst Pelitic schist and Psamrmttc
schist are distributed below the Detritus layer. ‘



| ‘Weathered schist have been formed by the rocks disturbed during the
‘construction of the Totakan-Chakdara road or due to natural weathering. This
has been classified as Cj, in the rock classiﬁcation.

Pe!mc and Psammmc are stable and compact in this area. These are classified
as CL-CM in the rock classification.

To the right side of the river terrace sediment, old river sediment 1, old river

sediment 2,  weathered schist, Pelitic schist and Psammitic schist are

distributed from the surface in the consecutive order. Terrace sediment depth
. is about 5 méters and the N value of the S.P.T. test is greater than 25,

Old river sedlment is distributed in the terrace sediment layer. This old

sediment layer is comparatively deep and this can be divided into two groups,

iayer contammg boulders with a diameter of 0.5-3 cm. (Orsl) and the layer
'_contammg boulders w1th a diameter of 1-12 cm (Ors2), which are
' comparanvely larger.

' Sc_hist Wais identified at 1 meter below the surface in the drilling at No,19 Br-3
bore hole. From this tesult, it was assumed that the schist distribution of the
- area is convex shape. ' '

On these findings and assumptions, it was deduced that weathered schist,

Pelitic schist and Psammitic schist 1ayers are suitable for the bridge
- foundation. It was estimated that one axial compressxonal strength, qu of this

schzst is’ about 300 kg/cm?2, shear strength 30 kg/cm2 and Vp 2.5-2.8 km/sec.
'Consudermg the state of the equipments used in the project, the friction

strength between fock and cement milk of the ground anchors planned to be

constructed on the left slope of the Swat river should not be less than 5
_ kg/cm2

(1 1) No.20 Sakhakot Bridge
' Geology of this area can be divided into the following 5 categories:

(1) Detritus (D1), (2) Silt with boulders, (3) Sandy silt (Si), (4) Conglomerate
(Cgl), (5) Mudstone (Md).

Detritus is sediments of topsoil and river sediment of the Sakhakot river. This
is composed of hard, reddish conglomerate rolling stones. In the lower part of
Detritus, terrace sediment is distributed. Terrace sediment is a composition of



silt with boulders, sandy silt ‘and conglomerate, but continuity of this layer is

very poor.
Silt Jayer with boulders is composed of hard silt, clay and sand.

Boulder layér is composed of 3-10 cm :50111ders. Drilling resuits showed that -
this boulder layer is cemented and composed of conglomerate.

Below the terrace sediment layer, mudstone layer is distributed. To the left of
the river, this layer is above the river bed, while it is below the river bed to the
right of the river. -

 S.P.T. onsilt ‘with boulders layer can not be taken as acf:urate as.the test was
obstructed by the rebound.

Mudstone layer had a N value greater than 50 in the S P T test From the
above observations it can be deduced that Detritus, Silt with boulders and
Sandy silt, are not cemented, therefore not suitable for construcimg bndge
foundation. Dnllmg results. showed that conglomerate is hardened, but the
same matenals found on the surface not cemented. Also, this layer is not
continuous and lack of homogeneous slrength Therefore, conglomerate is not
suitable for foundation.

On the other hand, mudstone layer N value was gfeatéf than 50 on S.P.T. test,
and found 1o be homogeneous and soft rock. Lateral distribution wag found
and is therefore considered suitable for foundation construction. qu value of
this-layer was estimated as 5-10 kg/cm?. Foundation of the existing bﬁdge are
also laid on this layer The following two factors have to be cons1dered in
constructmg the foundation on the mud layer.

1. The foundation of the bridge should not be placed on the reddish color
conglomerate rolling stone. :

2. Mudstone has a slaking characteristic. . Therefore, this layer ¢0u1d be
subjected to easy and fast weathering. Therefore, excavation has to be fast
and soil layers after work have to be protected from exposure.



4.2.4  River Condition and Climate
(1) - Subject Rivers
Rivers related to the 11 bridges of the Project consist of the following in
- discharge scale order.
1) Indus River: No. 7 Panipa Bridge
. 2) Chitral River: No.11 Choni Bridge

1) Swat River: No.16 Kaidon Bridge,
o No.19 Totakan Bridge

4) Panjkora River: . No.12 Khal Bridge
5) Siran River: No. 1 Narlai Bridge

_ 6) Sakhakot Khawar: No.18 Jahazoona Dak Bridge,
- No.20 Sakhakot Bridge

7) Matakpur Khawar No.17 Peer Baba Bridge
8) Nandia Khawar: No. 5 Pashorai Bridge
0) Nulia Bukari: . No.14 Bukari Khawar Bridge

Rivers of the above 1 to 5 have relativelly large discharge volumes while the
rest 6 to 9 flow occasionally in rainy season.

Characteristic of major rivers of the above 1 to 5 along with their climatic

coﬁditi_ons are as follows:
(2) Indus River at No.7 Pémpa Bridge

The Indus River, a world famous river, has its origin in Karakoram Range of
- the Himalayan Mountains. Water velocity is at 3 m/sec or more at the
~ proposed bridge site. In summer, discharge volume is swollen (5,000 t/sec or

more) by rain falt and snow thawing.

'River coufse at the proposed Panipa Bridge, where hard rock exposes on both
side banks, is quite stable and no serious river bank erosion might occur in

pear future.

The river width at the proposed bridge site is approximately 150 m, Due to
extremely high velocity of water current and large discharge of the river, it

seemns quite impossible to construct piers in the river.



Climate is chllly and arid, and annual precipitation is apprommatcly 500 mm
or less. Maximum temperature is at most 20°C in summer, and snow fai[

begins in November.

(3) Chitral River at No.11 Choni Bridge

River basin of the Chitral River originates in the border beIWcan NWEFP and
Afghanistan and Gilgit, and its catchment area is approximately 7,000 km2,
The river flows through Chitral District, passing westwards into Afghanistan
to join with the Kabul River, which turns eastwards and flows into Peshawar,
NWFP. -

Most of the Chitral River basin occupies Hindukush Range of the Himalayan
Mountains, where precipitation is extremely low, approxlmately 500 mm per
annum or less. Climate is chilly, freezing cold in winter. '

Water curfent velocity of the river is relatively slow, approxi'ma'teiy "1.7_m/s_'éc,
at the proposed bfidge site since the riverbed slope is relatively gentle.
Maximum water discharge takes place in summer, approximately 1,200 tfsec,
as a result of swell by snow thawing and rain fall.

(4) Swat River at No.16 Kaidon Bridge and No.19 Totakan Bridge

River basin of the Swat River originates in the border of NWFP and Gilgit.
the river flows through Swat District, then passing Malakand Agency, and join
with the Kabul River at Mohmand. Catchment area of the river is
approximately 6,000 km? and an approximate discharge 2,760 t/sec at No. 19
Totakan Bridge site. The catchment area and discharge of No.16 Kaidon
Bridge site is almost 2 half of those at the downstream side No. 19 bridge site
and water are transparent. ' | ' |

The river course is relatively stable and any immediate erosion of riverbanks
is not anticipated in both cases of No.16 and 19 bridges.

Velocity of river current water is high at approximately 2 m/sec, and therefore
difficult construction of piers in the river is predicted.

(5) Panjkora River at No.12 Khal Bridge

_.7_4.;



River basin of the Panjkora River originates at about 40 km north from
Kalkot. The river meets two major tributaries: one having origin near Lowari -
Pass and another having origin at Binshal. The river flows southwards
"-through Gandigar, Wari and so on, and turns toward south-west then
expanding its river width and flowing toward the proposed Khal Bridge site.

The P_anjkora River, varying its river widths 7.0 m to 150 m, has a rapid flow
velocity at approximately 2,38 m/sec that has been measured at the proposed
bridge site in relatively low water period August 1992.

River basin covers most of entire land of Dir District and its catchment area is
relatively large, approximately 3,500 km2.

Annual precipitation is less than 625 mm. Annual mean temperature in the
_ area is approximately 20°C.

(6) Siran River at No. 1 Narlai Bridge

The Siran River varies its width from 80 m to 130 m approximately. Water

velocity is relatively high at approximately 1.54 m/sec that has been measured

in relatively low water period, August 1992, The river has vast catchment
' area, épproximately 1,450 km2. Most of the area has annual precipitation 875
. mm or lesé, but over 1,000 mm in the vicinity of the proposed bridge site.

Approximate discharge is about 1,100 t/sec.

Annual mean femperature at the proposed bridge site is approximately 22°C.
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5.2.1

Target of the Project

The Project aims at improving the welfare and assisting the development of 8
dis_tricls in NWFP such as Abbottabad, Mansehra, Kchistan, Swai, Buner, Chitral,
Dir and Malakand by way of construction bridges at the places:

- where the existing pedestrian bridge is seriously dilapidated and can no
longer carry vehicles,

- where decks of the existing bndge 1s likely to be submerged during ﬂoods,
and

- where no bridge exists and only heavy vehicles are possible to cross the river
“bed only when the water level is low.

Justification of the Requested Project |
Significance of the Project

The characteristics of the Project aré to meet one of the major targets of the 7 th 5-
year National Development Program which emphasizes "Improvement of Public
Services in Transport and Medical Sectors” especiaily in NWFP. As NWFP is

3 geographically divided by numerous valleys and rivers, construction of permanent

bridges are essennal for exportmg agricultural and forestry products and nrnportmg
basic goods for vﬂlagers The hlghiy pr;onnzed 11 bridges, out of the requested 20

" bridges, are located on vehicular roads. However, these bridge sites are now at
_such places where no bridge exists, or existing pedestrian bridges are seriously

dllapldated or existing bridge decks are likely to be submerged by floods. In this

; regard, construction of bridges in these areas has been longed by the inhabitants.

" Completion of these bridges can facilitate improvement of livelihood qualities and

strengthehing of economic activities as a result of achievement of effective road
networks by means of linking feeder roads with national highway or major

provincial roads.

Populanon beneﬁtmg from the Pro;ect (consirucuon of 11 bridges) are estimated at

- approx, 490,000 (at present: 1990) and approx. 740, 000 (in future: 2010) as shown

in Table 5 1.

-~
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52.2 Similaf Development Projects

- Communication & Work (C&W) Department of the Government of NWFP is

attaining the following 23 road/bridge construction projects:

Table 5-2 Road and Bridge Project Underway

Road Section/Bridge Location Outline of Works
Chitral 1. Ashrait Nullah Bridge construction
' 2. Mastuj Bridge construction
3.  Brep ~ Braghu! Pass Gravel road construction
 Dir 4. Dir ~ Sheringal Gravel road (35 km) construction
' 5 Lal Qila~ Gal Asphalt pavement works .
6. Daramdala ~ Badar Kani Grave! road construction
7. Warai ~ Niagdara Asphalt pavement works (22 k)
‘8. Asband ~ Swat Asphalt pavemeént works (10 ki)
‘9. Shawa Khawar No.1 Bndge Bridge construction
10. Shawa Khawar No.2 Bridge Bridge construction
11. Chakdarra ~ Kamala Asphait pavement works (26.8 km)
12. Mayar ~ Miskini Asphalt pavement works (13 km)
‘13, Darora ~ Almas Namiai Asphalt pavement works (30 km)
Swat 14. Totkai Yakhtangi ~ Dheri Alooch Asphalt pavement works (25 km)
15, Damorai Bridge construction
16. Mangore ~ Kass Shingrai Asphalt pavement works (12 km)
17 Khawaza Khela Bridge construciion
18, Béhréiﬁ ~ Kalarn Asphalt pavement works (32 km)
19. Karora ~ Chakisar Asphalt pavement works
Buner  20. Baggar~ Gokand Asphalt pavement works
21 Badal - Battara Gravel road construction
Malakand 2‘2'.. Thana ~ Chirat Palai ‘Widening & asphalt pavement (10 km)

23, Kot Totai ~ Loe Agra Widening & asphalt pavement (24 km)

-Normai pracnce by the C&W Department of the Government of NWFP is firstly to
- construct gravel roads, and then building bridges and being followed by pavement
works. As for asphalt pavement works, funds of the ADB and OECF are

sometimes utilized in addition to the NWFP's own funds.



5.2.3 Executing Organization

Exécuting organization from the Government of the Islamic Republic of Pakistan
is the C&W Department of the Government of NWFP. Overall organization chart
of the C&W Department is shown in Fig. 2.1

The major works 10 be conducted by the C&W are :

- Land acquisition, proceedings for tax exemption for the execution of the
Project ' '

- Assignment of Projeét'Managé'r, Site Officers for the Project.

Contract, Coordination between
Federal Government and NWFP """"""""""
Government

Secretary for CRW

-Land aéquisition tax exemption, -
Coordination to local people, tssmmassscanee Chief Engineer/Project Manager
progress monitoring, venﬁca‘non '
for disbursement '

| ——

Progress mo_nitbring, c_oofdination Abbottabad Saide || Dasu 11 Chigal
Eb,etwi:en the Project & Local " | Officer: 1 | |Officer: 1| |Officer: 1| | Officer: 1
cople

It was informed that the C&W Department would assign the Chlef Engmeer of the
C&W to the Pro_;est Managcr and assign Assistant Engineers to the site officers.

524 Necessity of Technical Assistance from Japan

The Govemment of NWEFP is considering the construction of 200 bridge. As
constructing the 11 bndges by the Japan's Grant Aid Program would cover only a ’
part of the NWFP Government's targets, it is very 1mp0rtant to train bridge experts
from the C&W staff in order to construct the rest numerous bridges by the C&W -
own forces in future. To attain this, it would be recommendabie that JICA invite
trainees form the C&W staff under JICA Training Program.

The major purposes of I ICA training for the C&W staff : are:
- Transfer of bridg’e"constmction téchﬁblogy, and

- Transfer of knowledge on bridge maintenance.



5.2.5 Concept of Japan's Grant Aid toward the Project

The. highly prioritized 11 bridges out of the requested 20 bridges show the
efficiency, realities and the Pakistan side capability to iinplement the'Project and
these 11 bridges are judged favorable as a project by the Japan's Grant Aid
Program.

~ In this regard, basic design has been carried out for the 11 bridges on the basis of
Japan's Grant Aid Program.

53 O:u;tli_ne of the i’i’oject Sites

5.3.1 Location of the Respective Bridge Sites

(1) No.1 Narlai Bridge

@

_ Exlstmg pedestrian suspensxon bridge is located in a gorge. If the new bridge

location is determined in the vicinity of the existing bridge, structural type of
the new bridge would be of steel suspension type. In this case, improvement
of approach road on the right bank side is deemed to be difficult due to its
topographic constraints. Therefore, location of the new bridge was

_' determmed about 1,000 m upsiream from the existing bridge. In this case, the
, topographlc condition allows to adopt conventional and economical structures

for the new bndge such as prestressed concrete type glrders

No.5 Pashorai Bridge

" Differences of elevation between the both banks are quite large in the vicinity
- of the existing bridge. In addition, there are many houses around the existing

Bridge, the acquisition and compensation for which are deemed to be very
dlfﬁcult In th:s regard, the locations in the vzcmlty of the new bndge are not

favorable

'Accordingly; the new bridge location was deécided at- about 1.5 km

downstream from the existing pedestrian suspension bridge. This new bridge
location is in the curvature of the existing national highway KKH. Difference

. _of elevation between the both banks of the Nandia Khawar River is relatively
- smaller than the other places, and therefore conjunction of approach road of

the new bridge and KKH can be constructed easily.



(3)

@)
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No.7 Panipa Bridge

Conceivable locations of a new bridge are found only in the vicinity-of the
existing bridge. If location of a new bridge is about 200 m upstream ‘or more -
from the existing bridge, where two rivers, the Indus and Kandia rivers comes
into confluence, the project would have to include the construction of two
bridge crossings over these rivers and therefore these upsueam locat:ons are
deemed not to be economical for the new bridge. '

As for the downstream side more than 200 m from the existing ‘bridge,
construction of approach road on the right bank side was judged difficult due
to its topographic and geological constraints.

‘Subsequently, the location of the new bridge was deci'ded: just db_wn_ stream of -

the existing bridge, where traffic blocks on the existing Kandia Valley Road
during construction works is not ant1c1pated whlle the upstream’ focation
seems to disturb the traffic on the same, '

No.11 Choni Bridge

On the downstream side of the existing bridge, there exist a beauuful mosque,

many shops and residences. Levehng works of these ex1st1ng structures seems
to be impossible because of social issues. Therefore the upstream sxde of the

existing bridge was cons1dered as conceivable locations of the new bndge

As for the upstream side about 400 m from the existing bﬁdge, the Mohlen
Gole Nullah flows into the Chitral River in almost right angle. As the Nuliah
carries big boulders once flood takes place, the likelihood of the left side bank
erosion is anticipated. -

In this regard, the location of the new bridge is decided at abputVSO:m_
upstream of the existing bridge, where erosion on the left bank side is not
anticipated and leveling works of the existing structures are not required.

No.12 Khal Bridge

Khal Village has been expanding on the right bank of Panjkora river, reached
from the NCC road by a superannuated suspension bridge. It is seen that both
on the left and right banks of the packed bridge's surrounding, crowded
settlements are being formed. As for the left bank, pa'ralle'l'With Panjkora
river along NCC road, stretching 200 m upstream and 150 m downstream are -



~ buildings without gap in between them. On the right bank, near the stuffed

bridge, there is a settlement being developed. Khal viliage, when viewed from
the existing bridge, is developed evenly downsiream and upstream. However,
af;er crossing the river, the road is slightly facing downstream reaching the
foot of the mountain and then it extends downstream.

- The location of the new bridge was studied based on the points mentioned
- below. '

. The connection of the new bridge and the present trunk road is that it will

become the connection of the left bank's NCC road and the road that
extends downstream on the right bank, therefore it will be natural for the
new bridge location 1o be the downstream side. '

The local officials had exprcssed the following request.
a. -If possible, it must be as near to the present settlement.
b If possible, the existing buildings be preserved.

Since the buildings along the NCC road are developed further upstream, it
is better for the bridge site to be downsiream.

The river width is decreasing from upstream to downstream.

Based on the above conditions, the bridge construction site is decided to be

toward downstream away from the existing bndge about 200 m downstream,

where there is a sultable gap of buildings.

Further downstream, the river width becomes narrow, and the river is more.
stable. The river condition makes it technically easier to construct. However,
since it is far from the existing settlements, it did not satisfy the requests made
by the local officials, and the distance of the right bank road with the long
access road will become Jonger. With these and the environmental conditions,
it becomes a disadvantage. From a comprehensive decision, the construction

* location is decided to a point near the existing bridge.

No.14 Bukari Khawar Bridge

At present, heavy vehxcles are crossmg the riverbeds of two channels. If the
bndge locations is selected at this route, lengths of approach roads would be

'longer. The selected location of the new bridge is near the end point of

g
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horizontal curve of the existing road on the left bank side, and the
continuation stretch of the existing road on the right bank side. B_y this, -
favorable and shortest alignment can be obtained. '

No.16 Kaidon Bridge

Both upsiream and downsiream sides of the existing Wooden bridge have
potential sites for the new bridge locatlon Upstream side route about 30 m
away from the existing bridge was decided as the new bridge location taking
into consideration the preferable alignment and less adverse impacts against
the existing traffic. o

No.17 Peer Baba Bridge

Should the apprdaéh roads on the left and right banké. be co_nhected ina
straight line and crosses the Malakpur Khawar River in a very Sharp skew
angle, the bridge length would become longer about 75 m which will be
relatively costly. As a result, horizontal curves would be employed on the
both sides of the river by adopting nght angle curve as much as possible
resulting in reduction of bridge length to 50 m and hence the consruction cost.

No.18 Jahazoona Dak Bridge

The topographic feature of the Jahazoona Dak bridge is, the road 6n_ihe left

‘bank runs gently down towards the river, and after crossing the river, the road

turns upstream at a steep angle on the right bank and then climbs the small
hilly areas. The normal water level is low, but since the existing bridge is
barely above the water surface, it is submerged for about 2 meters dxiring high
water level. The focation of the bridge is investigated by considering the road
alignment in order to maintain the road's height.

The selected route is almost directly the ,extensi_oﬁ of the right bank's road
alignment to the left bank. The result of this selection is that the height of the
road will be more than 5 m higher than the existing bridge. Also, since the
road's steep angle alignment could be made into an easier alignment, it is very
much desired.

(10) No.19 Totakan Bridge:

‘The Swat River is narrowest in width at the site of the existing bridge, where -

rocks are visible on both the left and right banks. It expands its width,



affected by the river tributary, and the flow is unstable at the upstream of the
bridge site. It keeps almost the same width and a stable river condition at
downstream. Therefore, the location of the new bridge is in principle to be
downstream of the existing bridge.

Th_e topograp_hy is steep near the river on the left bank, and a trunk road runs
along the river about 10 meters above the river surface. The gxisting road, a
rural road, that bifurcates from a irunk read passes the existing bridge as soon
as it runs through Totakan Setilement. The new bridge site is selected at the
downstream where it is far from the community and the new access road is
connected to the trunk road by T-junction.

The rural road runs to and away from the river almost at a right angle. For
connecting the rural road the new bridge should be located near the old
bndge

In the geographical survey from the existing bridge to downstream, a suitable
~site for the foondation of structures was found at about 650 meters down
stream. The new bridge location was selected here because the river is also
ﬁnarrow

" The center line of the new bridge on the right bank meets the rural road at 200
meters away from the bridge site. Therefore, the bridge contributes to an
.improvement of the road alignment.

(1 1) No 20 Sakhakot Bndge

~ The exlstzng Sakhakot bndge, links the road coming down slope from both the
left and right banks. Because submerging of the bridge in the rainy season is

‘teported, a sue 1nvest1gauon is made for elevating the road by constructing the
new bridge as well as selecting the best location.

The existing roe'd runs at downstream of the Sakhakot River. Therefore, the
location of new bridge is, of cause, at the downstream, “The Sakhakot River
meanders greatly at 70 meters downstream of the existing bridge and river
_condmon is not stable. Especxally, there are private houses on the left bank about
80 meters downstream of the existing bndge Examining conditions mentioned
above, the new route is selected at 30 meters downstream of the existing bridge.
The seiected route takes a line of the short cut of the ex1stmg road and elevated by

5 meters at the sue



5.3.2 Bridge Lengths and Deck Levels

(1) Determination of Bridge Lengths

The fo]loWing 3 items are predominant factors to decide the bridge lengths:
(i)  Topographic conditions (river width, depth of vailey eic.),
(i)  Elevation of existing roads to be connected, and

(iti) High Water Level of river and venicél' clearance below the':'gir:de'r
bottom,

The following table shows. the most pfedominan't- factor for detéfmining the
length of each bridge. | o

Table 5-3 Most Domina;lt Fact.o'r' fér Bn'dgé Lehg’;h"

‘River {Elevation of | : Vertical - Bridge

Width | Exst. Road [ Clearance { Length
| | _. i
No. NarlaiBridge © iR 100425
No.S DPashorai Bridge | | B 75
No.7  Panipa Bridge o I 180.
No.11 Choni Bridge O 90 -
No.12 Khal Bridge o 88
No.14 Bukari Khawar Bridge © - 2x25
No.16 Kaidon Bridge © 4
No.17 Peer Baba Bridge O - 50
No.18 Jahazoona Dak Bridge] 1l e | »
No.19 Totakan Bridge @) | ' 90
No.20 Sakhakot Bridge - © 75

As a result, Jengths of ‘most Br_idges (9 bridges) except 2 bridges are
determined on the basis of fiver widths. On the other hand, the elevation of
KKH on the right side bank at No.5 Pashorai Bridge site is higher about § m
than that of cultivated land 'Q'n-fihe .l_ef'_t s_'i_de, bank. If bridge 'l_ehgth'_‘is :
determined by river width, abutment 'h-é_'ig_ht of the_ri’glht's'ide'bhnk will_.-be _
about 15 m or more, which is not recommendable in the view points of less



construction cost and structural liability, -Therefore, bridge length is increased
from 50 m to 75 m to reduce construction cost, As for No.18 Jahazoona Dak
Bridge, vertical clearance of more than 2 m is considered. In this case,
‘abugment height will be more than the economic height if the bridge length is

' deten_nined by the river width, Therefore the bridge length is increased from
50 m to 75 m as with No.5 bridge.

(2) " Determination of Déck Levels

Deck levels of the respective bridges are detcrmined on the basis of the
- following: '

) Deck Level > HWL + Vertical Clearance (2 m) + Girder Depth, and

(i) 'To connect smoothly with the existing roads.

Accordingly, road formation levels (deck level + pavement thickness) are
determined in the following table.

_Table 5-4 Road Formation Levels

Left Bank Side Right Bank Side
: (m) (m)

- {No.l' Narlai Bridge 61565 620.35
{No.5  Pashorai Bridge 876.50 881.00
‘{No.7 Panipa Bridge 988.00 982.00

No.11 Choni Bridge 1,448.00 1,447.00
No.12 Khal Bridge - 981.35 928.70
| No.14 Bukari Khawar Bridge 1,142.00 1,143.60
No.16 Kaidon Bridge 1,530.00 1.530.00
No.17 Peer Baba Bridge 815.00 815.00
No.18 Jahazoona Dak Bridge| 453.20 453.45
1No.19 Totakan Bridge 662.40 663.40
No.20 - Sakhakot Bridge 484.10 482.20

5.3.3 Cross _Sec_tion '

All the bridges, except No.11 Choni Bridge where traffic volume is bigger than
others and 2-lane bridge is scheduled, have 1 lane. Bridge cross section of the
Project consists of the foliowing two: '

Type A 1 'lahe'bridge, as agreed unanimously in the Minutes of Discussions
dated July 19, 1992, Carriageway width = 3.6 m.



| This cross section will be adopted in case of No.1 Narlai, No.5 Pashorai,
No.7 Panipa, No.12 Khal, No.14 Bukari Khawar, No.16 Kaidon, No.17
Peer Baba, No.18 Jahazoona Dak, No.19 Totakan anr.l No 20 Sakhakot

bridges.

Type B: 2 lane bridge. Carriageway width = 6.6 m.
This cross seciion will be adopted in case of No.11 Choni Bridge.

Components of these cross sections are shown in Fig. 6.1 and 6.2 (Chapter Vi),

5.3.4 Principles of Bridge Type Sclecticn

As for selecnon of structural types of each bridge, the foliowmg 4 items were
considered:

(i) Favorable types from an economic (less construction cost) view point, -

(i) Types which will not require field works dun‘ng the periods of floods and
snow-fall.. '

(iv) As the Project is wide- -spread and sites aré located spoi‘édically'in NWEP, m-
so-many structural types should be considered to simplify or standardlze the
site works for reliable quality control. '

Accordingly, the fo!Io'wing 3 types and 2 types were selected for the
superstructures and foundations respectively:

H Supcrstruclures

- 25 m span PC concrete girder bridges would be constdered where the
execution of the substructure works could be carried out safely and when
no problem exists in compleung the works within the scheduled time
(thhm 12 months).

- Steel plate glrder bridges would be considered where the pler constructlon
in the river bed is difficult from the point of construction schedulmg but -
the width of the river is about 40 ~ 50 m (= bridge span) medium size

-~ bridge. Also for bridge with 40 ~ 50 m span but-when the problem of
scheduling could be solved by decrcasmg the number of piers, then, steel
plate girder bndges would be adopted. :



- Suspension type bridges would be considered where the river width (=
bridg_e'span)_ is large and the construction of piers in the river bed would
be difficult viewed from the points of technical and construction
scheduling. |

(2) Foundations

_ Spféad foundation (so-called direct foundation) will be used where rock
layers or gravel layers exist_in a relatively shallow depth (within 5 m
beiow the river bed).

- Cast-in-place RC piles will be used where bearing strata exist in deep
position. Diameter of a pile will be 60 cm, which is broadly utilized in
Pakistan.

5.3.5 Scope of the Project under the Japan's Grant Aid
The scope of the Project is to construct the following facilities:

No.1 Narlai Bridge

A new bridge and its approach roads (approx. 300 m on the left bank side,
approx. 80 m on the right bank side)

No.5 Pashoral Bridge

“ A new bridge and jts approach roads (approx. 100 m on the left bank side,
approx. 200 m on the right bank side)

No.7 Panipa Bridge

- A new bridgel and its approach roads (approx. 260 m on the left bank side,
approx. 20 m on the right bank side)

No.ll Choni Bridge

A new bridge and its approach roads (approx. 390 m on the left bank side,
approx. 20 m on the right bank side) '



. No.12 Khal Bridge |

A new bridg_e_ and its approach roads (approx. 25 m on the left bank sid_e,
approx. 90 m on the right bank side)
No.14 Bukari Khawar Bridge

Two bridges crossing over two channels, causeway (approx. ZOO_m} passing
through the sand-bar island, and approach roads (approx. 30 m on both of the
left and right banks)

No.16 Kaidon Bridge

A new bndge and its approach roads (approx 20 m on the left bank side, |
approx. 30 m on the right bank side) :

No.17 Peer Baba Bridge

A new bridge and iis approach roads (approx 40 m on both of the left and nghl
bank sides)

No.18 Jahazoona Dak Bridge

A new bridge ard its approach roads (approx..z_s m on the left bank side,
approx. 90 m on the right bank side) :

No.19 Totakan Bridge

A new bridge and its approach roads (approx. 90 m on the right bank side qnly)'

No.20 Sakhakot Bridge

A new bridge and its approach roads (approx 80 m on the 1eft bank suje,
approx. 10 m on the right bank sade) '



5.3.6 Maintenance after Completion

After completion of the 11 bridges by the Project, the following works arc
- envisaged as maintenaince work in the future:

- Painting of steel members (approx. 7 ~ 10 year interval)
= Overlay of asphaltic concrete pavement (approx. 7~ 10 year interval)

- Adhoc repair of guard rail and cement concrete pavement (in case of damages
by accident)

- Repair of riverbank protection (in case of damages by flood)

_ ThIS basic design on structural elements has been carried out so as to minimize the
maintenance works in the future. However, repair works as mentioned above will
not be avoidable. In this regard, the C&W Department of the Government of
NWEFP will carry out the maintenance works by way of the following organization.

Superintending Engineer's Office |Maiakan§| ,lAbbonabad|
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CHAPTER 6 BASIC DESIGN

6.1

Basic Design Principles

This basic design on 11 bridges has been conducted taking into consideration the
following:

FOE

(2)

3

4

(5)

Construction works for bridge piers can be carried out only when the water
level is low. Therefore, consiruction time schedule and volumes of
superstructure substructure and foundation should be taken into account to
determme the sizes of structural elements.

Special consideration should be placed on lowering the total construction
costs and ailso minimizing the future maintenance works. Appropriate
construction method should be selected for the construction of supersiructure,

'subst'rucmre', foundation, approach road and other associated facilities from
the view pomts of mummmng construction time, costs and future maintenance

works

Very strong winds may occur in some bridge sites, where wind loads should
be considered as one of the predominant factors for design. Strong gust 1 takes

'place tw1ce a day (mormng and evening) at No.7 Panipa and No.11 Choni

bridges, where the new bridge is located in a gorge. In such places, areas of
exposure of structural members should be minimized to stabilize the bridge
structures against wind.

In most bri_dgo sites, reliable strata such as hard rock and gravel layers exist in
~ relatively shallow depths from existing ground levels. In these cases, rooting

depth of-spread foundation (footings) should be determined taking into
consideration the scouring phenomena in addition to the bearing capacities.

Selection of bridge types, construction methods and false' work materials
should be determined taking inte consideration the possibility of using
domestic materials as much as possible to aim at emphasizing the economic

activities in Pakistan.

As a fesult of the above, basic design has been carried out on the basis of the

following princip}es:

1y

To decrease the number of bridge piers in river courses in order to reduce the
volume of works in water. In cases where pier construction is indispensable,



RC crib structures (so-called temporary caisson) should be considered instead
of using the open excavation method which might cause difficuliies to dewater

for footing works.

(2) Simple type structuses like PC composite 1 beam should be adopted as many
sites as possible in order to minimize the construction costs of the project and
future maintenance costs. ' In case of short span (about 25 m) bridge, PC
composite I beam is the cheapest structure. Therefore, PC cdmposite I beam
should be used for short span bridges. As for the ionger spans (about 45 m),
composite steel plate glrder is advamageous from the economic vzewpomt In -
cases where a single plate girder span without any supporting pier can not
Cross over the river, steel suspension bridge should be used. '

(3) Steel pipe type raﬂmg‘; should be used for the bndges which are located ina
gust-prone valley so as to decrease the exposure area agamst wind resulnng in
reduction of wind influences. In addmon storm cables should be used at No.7
Panipa Bridge, which is Jocated in a gust-prone gorge and has a iong span of
180 m, not only to increase the structural stability but also to reduce the
weight of stiffening truss members.

(4) Fo()tihg of _sprea_d foundation should be ein.béd'ded into the gravel iayér in
appropriate rooting depth taking into consideration the scour depths.

6.2 Design Criteria and Standards

In accordance with the agreement through discussions between the C&W
Depariment and the Study Team, the followmg demgn criteria and standards are
adopted.

(1) Composition of Bridge Width

Type A (1 lane bri
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. Scale 1:50
Fig 6.1 '




Type B (2 lane bridge)

Thickness =3 cm
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Fig 6.2

(2) Design Live Load
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The Truck Load TL-14 of the Japan Road Association will be applied to all
the bridges as agreed in the minutes of meeting dated 19 July 1992. '

However, reinforced concrete deck slabs should be designed to have a
minimum thickness to carry TL-20 of the same specification. '

(3) Other Lo_ads

- - Design ﬂead load

The design dead load will comply to the highway bridge specification of
the Japan Road Association and should be as follows.

Table 6-1 Unit weight of Materials

_ Material Unit weight

Steel, Cast steel, Forged steel 7,850 kgf/m3
Castiron 7,250 kgf/m3
Aluminum 2,800 kgf/m>
Reinfor'ced concrete 2,500 kgf/m3
Pre-stressed concrete 2,500 kgf/m3
Non-reinforced concrete 2,350 kgf/m?
Cement motor 2,150 kgf/m3
Pavement asphalt 2,300 kgf/m3
Lumber 800 kgf/m3

1,100




- Base wind vclocity for wind load: Vip=40 m/fsec

- Thermal range: 50°C (0°C ~ 50°C) ... Except No.11 Chitral : 40°C (-5°C~

- 35°C)

- Earthqnake: Horizontally equ‘ivé‘lem force Ky = 0.1

- Earth pressure: Based on Coulomb's _formula

(4) Vertical Clearance of _Approach Road

H=

45m + 03m = 48m

(Max, Vehicle existing) (Pavement overlay)

(5) Design Criteria for Approach Road

M
(i)

(i)

(iv)

Width: 6.6 m (Shoulder 1.5 m + Carriageway 3.6 m + shoulder 1.5 m)
Slope of émbankment _

Embankment height < 4 m
- Common soil = 1:15
- Gravel +Sand = 1:1.0

Slope protection: - Mortar riprap should be used up to HWL + 0.5 m.
in this case, mortar rubble foundation should have
a height of 1.5 m and widih 1.0 m. _
- Sodding should be used above HWL + 0.5 m.

Guard Block

Mortar rubble gua}d block, which consists of domestic materials, will
be used in order to avoid the difficulties of mainténance works in
future. The sizes of guard block are;

06m  x O.6m x 09m
(Width) * (Height) (Length)

Depth of 15 cm out of a height 60 cm should be embedé_d__into the
shoulders. Interval of installing guard blocks should be 1.2 m (C.T.C).



6.3  Description of Basic Design
6.3.1 Superstructure Design
Basic design has been conducted for the following four types:

) PC Beam (Span length = 25 m) : No.l Narlai Bridge
o | No.5 Pashorai Bridge
No.14 Bukari Khawar Bridge
No.17 Peer Baba Bridge
No.18 Jahazoona Dak Bridge
No.20 Sakhakot Bridge

(ii)  Steel Plate Girder (Span length =44 m) : No.12 Khal Bridge
-No.16 Kaidon Bridge

(iii) . Stiffening Truss Type Suspension Bridge : No.11 Choni Bridge
(Span length = 90 m x 2 lanes)

(iv)  Stiffening Truss Type Suspension Bridge : No.19 Totakan Bridge
. (Span length =90 m x 1lane) -

| (\?) " Stiffening Tfusé T ype Suspension Bridge | No.7 Panipa Bridge
(Span length = 180 m x 1 lane)

(1) 25m SpanPC Beam
Composite type PC I-beam was selected on the basis of the following:

- As the clear width {so-called effective width) is relatively nammow (3.6 m),
required number of beam is only 2 for one span.

- Railing will be of wall type, and should be firmly connected to the slab
deck which rigidity be high.

The proposed cross section of the PC composite I-beam is shown below:
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Fig. 6.3 Cross Section of PC Composite I-Beam

' (2) 44 m Span Steel Plate Girder

As with PC composite I-beam, composite type steel plate girders having a
similar girder arrangement was selected. The proposed cross section is shown

as follows.
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Fig. 6.4 Cross Section of Steel Composite Plate Girder
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(3) Steel Stiffening Truss Type Suspension Bridge

1)

Qi)

Sag Ratio

Sag ratio 1/10 was selected for the main cable profile according 1o the
normal practices in Japan,

Stiffening Truss

Stiffening truss girders were designed to support the RC slab deck via
stringers. Girder depth and transverse spacing of girders are as
indicated in Table 6-2

Table 6-2 Required Girder Depth & Girder Spacing

Girder Depth Girder Spacing
i-lane, Span 90 m 1.8m 50m
2-lane, Span 90 m ' 2.2m 8.0m
1-lane, Span 180 m 22m : 50m
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6.3.2 Substructure Design

‘Types of Substrucﬁmres for 11 bridges are broadly divided into 5 types as shown

below:
('1) RC inverted T-shaped abutment ... For PC composite
I-beam, St i i
Abutrheit am, Steel composite plate girder
(2) RC Tower Abutment ... For suspension bridge
Piey =—————- (3) RC Inverted T-shaped Pier ... For PC composite I-beam,

steel composite plate girder

_ 1C))] Gravi{y Type RC Anchorage ... In case of soil
Cable Anchor __[ L :

for Suqunsmn (5) Rock Anchor ... In case of rock

(1) Abuiment Structures

From the economic viéwpoint, RC inverted T-shaped abutment was selected.
Depth of footing was appropriately determined. Maximum height was
determined at 10 m.

Tower abutment of suspension bridge was determined as RC inverted T-
" shaped abutment supporting RC tower structures upward.

(2) Pier Structures

_ Piers supporting the PC compasite I-beam or steel composite plate girders
were determined as RC inverted T-shaped piers having a cylindrical column to
enable a smooth river flow against any flow direction.

- Depth-of .footinngas'appropriately by one determined based on the estimated
- scour depth.

3) C‘abieiAnch_ors_ for _S_uspensibri Bridge

" According to the results obtained from subsoil exploration by the Study Team,
‘usage of RC gravity type anchorage or rock anchor was determined as

follows:
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Table 6-3  Anchor Types Adopted

. Left Bank Side | Right Bank Side
No.7 Panipa Bridge Rock Anchor - Rock Anchor
No.11 Choni Bridge Gravity Anchorage | Gravity Anchorage
No.19 Totakan Bridge Rock Anchor Gravity Anchorage

6.4 Basic Design Drawings

Drawings have been prepared, for cost estimation purposes, taking into
consideration the volumes and time-table by work items.

(1) No.l Narlai Bridge
General layout plan of Br. No. 1 Narlai'Bridgc is shown in Figure 6.6.

The longitudinal formation of the road surface is determined by allowing
space for the high water level of the river and also the clearance height of 2 m,

The bridge is made up of two parts; one crossing the main flow of the river
~ and the other the flash water passage, all utilizing 25 m long PC girders.

Main river crossing : ~4 spans x25 m= 100 m
Subrivercrossing : Ispanx25m=25m

Three piers of the m_aiﬁ river crossing bridge is constructed in ordinary water
level and shall be deep enough against scouring.

Foundation shall be 60 cm diameter cast-in-situ concrete piles which are.
commonly used in Pakistan. : The pile length shall be 10 m reaching the
limestone layer. ' ' ' '

The access road on the left bank is extended straight from the bridgé-center
line. The road height where possible is 10 be a low embankment method, so
that it will be on the present ground contours, Behind the left abutment, there
is a dry river where a box culvert is used. The embankment part of the access
road where it will directly face the high water level, stone masonry is used for
scouring prevention. The location, where the access road meets with the
existing road, is hnked by a T-Junctmn and is connected in a hitch in order to
preserve the corner's ahgnment
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Since the access road on the right bank is linked to the latter part of the right
bar}k bridge pier with a T-junction, it is attached in a hitch to preserve the
cher alignment. However, the existing road here is submerged during the
high water level, Therefore, the whole of the submerged part is embanked by
about 1.5 m. The slope of the embankment in direct contact with the flow of

_ the high water level is protected by stone masonry.

The preé’cribed width of the access road is to be of macadam paving.

No.5 Pashorai Bridge

- General layout plan 6f__No.5 Pashorai Bridge is shown in Figures 6.7 (a) and

(b}.

Deck levels of the bridge is determined so that it would connect smoothly with
the exlctmg riverbank elevation on the left bank side and the existing KKH

_elevanon on the nght bank side. As the KKH runs in a high elevation and
there are high nse slopes on the right bank side, a steep grade (10 %) of

approach road is employed whﬂe that of the bridge is 6 %.

Ciear width of bridge is determmed at 3.6 mas a l-lane bndge

_ As wiihNo.l_ Narlai Bﬁdge, PC beams are employed'for superstruéture: 3

span x 25 m =75 m.

RC_ inveﬁed T-shaped structures are designed both for abutments and piers.

Mortar rubble stone masonry is made to withstand the approach road
embankment and to eliminate hlgh cut works.

Pavemem structure is designed as macadam pavement.
No.7 Panipa Bridge

General Layout Plan in shown in F1g 6.8.

~The existing Kandia Vailey Road on the right bank side of the Indus River

runs. 17 m mgh above HWL and that on the left bank side (which connects
thh KKH) is 6 m higher than the right bank side road. Therefore the
longltudmal grade of 3.3 % downward from the left bank side to the right

i bank side is employed Vertical clea:ance below the girder bottom to HWL is

sufﬁc1ent1y mamtamed
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4)

Clear width of the bndge is determined at 3.6 m.

Bridge type is of suspension bndge with steel snffemng tmss g:rders havmg a
long span of 180 m between the two main towers, '

Many pedé'strian suspension bridgés with wooden deck have been built in
Pakistan designed by local consultants. However, accofdiﬁg' to the
information from local engineers, the design method of suspension bridge is
not fully formulated and a lot of their ﬁesigns are merely copies of the existing
one. Since there is little experience for suspension bridge with steel stiffening
truss girders which is planned for this Project, the bridge is mainly designed
based on the Japanese design standard and therefore :cchnology transfer will
be available through this project.

Spread foundaticn (so called dll’BCt foundatlon) is employed for. tower
abutments according to the subsoil condition at the site where hard rock
exposes on both banks, Rock anchor system is employed to fix the main
cables into rock. Storm cables afe._use‘d to stabilize the stiffening truss girders
against wind forces, ' o

As for approach road on the left bank side; a curve is employed near the
abutment. Embankment height of this place becomes very high and therefore
retaining wall of mortar rubble masonry is provided io withstand the
embankment.

On the right bank side, a small curve is ern'plo'yéd at the abutment structure.
In addition, auxiliary space is considered.

Pavement structure is designed as macadam pavément.

No.11 Choni Bridge

General iayoﬁt plan is shown in Fig. 6.9 (a), (b).

New fork type (T) intersection is.s.chédule-d 611 NCC Rc.)ad... Appfbaéh'i;Orﬁ

starts at the new interchange, péssing farm land, crosses the Chitral River at
right angle and ends at Chitral Town road. Total dlstance of approach road

- and bridge is approx. 500 m.

Deck level is determmed to mamtam sufﬁmem vertlcai clearance above the
H.W.L. Elevation of the left bank is about 4 m h1gher than that of nght bank
Therefore, the longitudinal grade 2 % is employed.
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- Clear width of the bridge is 6.6 m (2 lanes).

_ Bridge 'type is of ‘Suspension bridge having steel stiffening truss girders.
: Accordmg to the subsoﬂ exploration, sandy }ayer with gravels exists. As the

external vemcai force to be transmitted by the tower is large, cast-in-place RC
pﬂe is scheduled for the foundation to support such a heavy structure,

RC gravi;y type anchorages are employed for anchoring the main cables.

'Ajiprdaéh' road on the left bank side is about 300 m long, having a S-curve

near the tower abutment. Embankment height is approx. 1 m in average.

Slope protection of approach road is made of sodding.

Pavement structure is macadam pavement.
No.12 Khal Bridge

General layout plan of Br. No. 12, Khal bridge is shown in Flg 6.10.

_ The hexght of the road is demded by the long:tudmal alignment where the left

bank road helght and the nght bank settlement’s road height is connected by
2% grad;ent The gradient is enough to clear the high water level (HWL) of
Pan;kora river,

‘The main brzdge is a2 span steel plate girder bridge (L. = 44 m x 2). The

Japanese design standard is mainly used in the design.

The abutment and bridge piers are of the invert T-type remforced concrete
structures. Even though the construction in the river of the 1 bridge pier is
made durmg_ the normal water level, there is still a fear of scouring after
completion. Therefore, both embedded depth and foot protection must be
done The other 2 abutment are constructed on the ground. However, to

_prepare for submersion and scouring during high water level, embedded

depth and foot protection is used to cope with possible accident.

The foundaﬁén structure is decided by reflecting the geological survey result.

" The gcologlcal feature is that there are rocks on the left bank and layers of the

" river sediments on the right bank. Therefore, the left bank abutment is to be

spread found_anon. The remainder of 1 bridge plel' and 1 abutment are pile
foundation by cast-in-situ reinforced concrete pile of 60 cm diameter. The
embedded depth of the pile is decided based on the geological survey resuit,
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(6)

The left bank access road of 25 m long is linked with the NCC-road in a T-
junction. It is designed so that the corner alignment be preserved 1o ensure
smooth traffic flow. The road height is maintained by embankment behind the

abutment, however, since the front is in contact with the river flow, protection

is needed. The stone inasonry,-which has'achﬁiev'ement in Pakistan, is used.

The right bank access road is linked with the Khal settlement road by a 250m
low embankment from the end of the bndge The attachment is a T-junction
sufficient comer is laken, especially at the narrpwcst angle_ side 1o ensure a
smooth of trafﬁc‘_ﬂow . The slope of the embankment is protected by stone
masonry. . - y &

The width of the access road is to be macadam 'pavement.'
No.14 Bukari Khawar Bridge
General Layout plan of Nc.14 Bukari, Khawar_'Bﬁdge is shown in Fig. 6.11.

Route alignment is determined to smoothly connect the new bridges with
Samar Bagh ~ -Shahi Road (especially, smooth connection in longitudinal

'alignment). As a result, extension of the existing road on the right bank side

toward the river is favorable far both horizontal and vertical alignments.

Two bridges are scheduled i) cross over the two ehanneis. Verti'cal c’learanc:es'
of the bridges are considered at 2m above HWL or more. A concrete paved
causeway is empldyed to pass through a sandbar istand between the channels,
This causeway is demgned to allow the flow-over of river water in case of

' }ngh floods, and therefore a minimum embankment helght is con31dered

Clear width of the bndge is3.6m .

~As with the superqtructure of No.1 Narlal and No.5 Pashorai bndges 25 m

span PC composne I-beam is employed, of which 1 span can pass over each
channel. Abutment structure is RC 1nverted shaped abutmems supported by
spread foundation. |

Mac_adam asphalt pavement is. scheduled for the approach road while' cement
concret_e pavement is employed for the causeway taking into consideration the
flow-over effects during floods.

Slope protection of causeway is mortar riprap.
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(7) No.16 Kaidon Bridge

®

. Genet_‘al Layout plan of No.16 Kaidon Bridge is shown in Fig. 6.12.

Rome alignment of the new bridge is about 20 m upstream of the existing
timber bridge, km 0 of Kaidon - Goornai Road which is a tributary road of

‘Babhrain - Kalam Road.

As the elevations of the existing roads are relatively high, no issue about the

requirement of vertical clearance below girder is anticipated. Therefore, deck
level of the bridge is determined to directly conneci the existing road surfaces

-on both left and right bank side.
Clear width of the bridge is 3.6 m

~ As with the superstructure of No.12 Khal Bridge, steel composite type plate
'girde'r is employed. One span of 44 m can cross over the river width,

Abutment structure is RC inverted T-shaped abutments supported by spread
foundation embedded into the gravel layer.

Curvatures of the approach roads are small and embankment heights are
relatively high, hence mortar rubble masonry is employed not oniy o
withstand the embankment body but also to eliminate wide-spread toe of
embankment: ' '

Pavement structure is macadam asphalt pavement.
No.17 Peer Baba Bridge
General Layout plan of No.17 Peer Baba Bridge is shown in Fxg 6.13.

The new. brldoe wﬂl cross over the Malakpur Khawar on Peer Baba -
Malakpur Road. An ideal Toute alignment is to just connect the endmg points
of Peer Baba - Malakpur Road on the both left and right bank sides. In this

_case, the bndge should be constructed in sharp skew angle which will result in
_the bndge length to become longer, which will be costly and disadvantageous
_ from the least cost aspect. Accordingly, curves are employed at both sides to

-reduce the bridge length.

- jI)e:ck 1evel is determmed to allow a 2 m vertical clearance below the girder

bottom to HWL
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Clear width of the bridge is 3.6 m.

As with the superstructure of No.1 -Narlai. Bridgé,"No.S Pashorai 'Brid'ge' and
No.14 Bukari Khawar Bridge, 2 spans of 25 m long PC composite I-beam are
employed. - ' o ' '

Substructure consists of 2 nos. of RC inverted T¥shaped abutments and 1 no.

of RC inverted T—shaped pier. Subsoxl condition of the site is clayey soil, and
therefore cast-in- place RC p:les havmg 15 m length (so as to reach grave]
layer) are scheduled.

As for the approach road embankment, mortar riprap and sodding are
employed for the slopes up to HWL + 0.5 m and slopes above HWL + 0.5 m,
respectively. Three barrel pipe culvert (3@600) is scheduled to flow the
existing irrigation channe} water on the left bank side. '

Pavement structure is macadam aéphalt pavément._
No.18 Jahazoona Dak Bridge
General layout plan of Br. No. 18 Jahazoona bridge is shqwr.x"'iﬁ Fig. 6.14.

The road on both sides of the bridge is connected by. the existing road that
down-grade towards the bridge and the straight and level a,réa: of the part
where it tumns into a _stéep anglé curve. Asaresult, a substantial improvement
of the road alignment will maintain clearance height during the high water
level of Sakhakot river. ' |

The effective widt_h _of the bridge is, 3.6 m (roadway'is 3.6 m)

The main bridge, which is a 3 span simple PC girder bndge (L=25mx 3) is
demgned mainly by Japanese standards in addmon to the reference on the
examples found in Paklstan '

The substructures are all of the invert T-type reinforced ‘concrete.
Construction for 2 abutments and 1 pier are ground work, whereas the
remaining 1 bridge pier at the right bank is river work dunng the dry season.
Scouring is considered when foot protecnon for substmcturc is- deculed which
isto be decper down the nver bed compared with the depth durmg hlgh water
level. Furthermore, scouring prevennon around the fooung is done by the
cobblestone foot protection, :
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The_ geological features near the bridge is that there are shallow rocks on both

the left and right banks which can be used as the structure's bearing layer. The

foundation is spread type.

- The access road of the left bank is built on the embankment (maximum height

- (10)

‘is 4 m). The embankment slope is protected by sodding but around the

abutment in contact with the river flow is protected by stone masonry.

The existing road will be used as the access road of the right bank, but

embankment is used for the section that undergoes alignment improvement.
The embankment slope is protected by sodding, but around the abutment in

-.contact with the river flow is protected by stone masonry.

“The width of the access road will be of macadam pavement.

No.19 Totakan .B'r.id'ge |

- General layout plan of Br. No. 19 Totakan Bridge is shown in Fig. 6.15.

The bridge is built on the access road that separates from the trunk road at a

tight angle. It goes upwards following the topography of right bank, then

- connects with the existing rural road. It is about 10 meters from the rural road

on the left bank to the central span of the bridge. Considering the topography
at the bridge site, RC slab bridge with a 10 meter span is constructed between
them. The same thing is done on the right bank.

The width of bridge is planned at 3.6 meters in effective width,

The main bridge is a single steel truss girder suspension bridge with a central

span of 90 meters. Many suspension bridges have been built in Pakistan by
the design of local Consultants, However, according to the local engineers,
the design method of suspension bridge is not fully formed because a lot of
thelr de51gns are just a simple copy of the existing one. Since there is little

_',expenence for the steel truss girder suspension bridge that is proposed this

time, the bndgc is mainly designed by the Japanese des1gn standard and
1echnology transfer would be available through this pro;ect

Because the main pier stands dlrectly on the rock the tower is built by
reinforced concrete upon the concrete spread footing. The sag ratio of the
main cable is 1/10, and the height of the tower, from footing, is 18 meters.
The main cable is fixed by rock anchor on the left bank, because rock is able
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to bear the load. On the right bank, a gravity anchorage is constructed to fix

the main cable.

The RC hollow slab bridge is selected for thé side spa_n considering the |
topography. The side span on both left and right bank is 10 meters.  The
gravity abutment is constmcted for the RC floor slab bndges :

Since the RC hollow slab bridge on the left bank is 4 part of the T (fork)
junction and connecis the trunk road by itself dlrectly, the access road is not -
necessary. On the right bank, there is 200 meters from the RC floor slab
bndge to the existing rural road. - The access road is built on a low
embankment nearly as high as the ground becausé of the gentle slopc on the
right bank. ' :

The access road is simply paved for the determined width by macadam.

No.20 Sakhakot Bridge

General layout plan of Br No. 20 Sakhakot Bridge is shown in Fig. 6.16.

The access road near the bridge, connects the 'exiSting -road: which is
approaching the bridge with a down slope and a large curve. It makes quite an
improvement to the road alignment on the left bank. The cro’ss'-po'in_t-on the
right bank is T type junction. -

The width of the bridge is determined at 3.6 meters.
The main bridge is a 3 spans simple PC girder bridge (L'=25mx 3).

The design is prepared according to the common design practlced in japan
with reference to examples pract:ced in Pakxstan : '

Invert T-Type r_eixjiforced concrete is used for all of the substructures,

On both the left and right bank of the bridge site, there exists a shaliow rock
with a good condition and the suppomng 1ayer of structures is avaliable The
foundation is designed as spread type '

The access road on the lcft bank is built in a cut. The slope of the cut is
protected by soddmg.- - : . o :

The access road on the _right bank is planned to use'the_éxisting :jbad. .

- The access road is to be macadam pavement. =
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