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CHAPTER 12

PRELIMINARY ENGINEERING DESIGN

TECHNICAL SURVEYS

Three kinds of technical surveys consisting of geo-technical survey,
topographic survey, and hydrological survey were carried out in the
field to provide data and informations for the preliminary engineering
design.

Geo-technical Sutvey

The geo-technical survey was carried out as follows:

» For bridge foundations design

- Angat River Bridge {2-holes)
- Pampanga River Bridge {2-holes)
" - Talavera River Bridge (2-holes)

« For examination of existence of soft ground

Plaridel ~ Baliuag Bypass (1-hole)
- Cabanatuan Bypass {1-hole)

The ground features of each location are as follows:

Angat River Bridge Site (Plaridel — Baliuag Bypass})

« The ground consisted of the relatively dense sand stratum at both
right and left banks.

¢ Gravel stratum at 14.0m to 15.0m depth was considered as the
bearing stratum for the bridge foundation.

Pampanga River Bridge Site (Cabanaltuan 'Bypass Section)

+ The ground consisted of the relalively dense sand stratum at both
right and left banks.
« Gravel stratum at 12.0m to 15.0m depth was considered as the
- bearing stratum for the bridge foundation.

Talavera River Bridge Site (Cabanatuan Bypass Section)
¢ From the ground shffaée to the bearing stratum, the composition of

ground was the alternation of the strata of silty clay, sand and
clayey. N-values of this stratum were between 10 to 30.
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121.2

Gravel stratum al 16.5m to 24.0m depth was considered as the
bearing stratum for the bridge foundation.

Examination of Existence of Soft Ground (Plaridel — Balivag_Bypass

Section)

L)

The stratum from ground surface to 5.5m depth was silty clay of
which N values were over 5.0, hence not judged to be soft ground.
The unconlfined compressive strengths of the silty clay stratum were
0.7 kg flcm? and 1.0.kg ffem?®.

Very dense silty sand appeared below 6.5m depth and continued up
to 11.0m depth.

From 11.0m depth, the stratum consisted of the alternation of strata
of very dense gravel and stiff siit.

Examination of Existence of Soft Ground__{(Cabanatuan_Bypass
Section}

*

The stratum from the ground surface to 4.0m depth was silty clay, of
which N value was about 10, hence not considered as soft ground.
This unconfined compressive strengths were 0.63 and 1.6 kg flcm2.
There is a hard clay silt between 4.0m and 5.0m depth.

Below 5.0m depth, the alternation of the sirata of very dense sand
and gravel was found.

The detailed information of geo-technical survey results are attached in
Appendix 12.1-1.

Topographic Mapping

Topographic maps of scale 1/5,000 were prepared along the proposed
bypass routes covering the following widlh based on the aerial
photographs taken for the Study:

. Bypass Width Covered
Plaridel - Baliuag Bypass . 3km
Cabanatuan Bypass : - 3km
San Jose Bypass : 1km

The scope of work of each bypass was as follows:

Sta. Rita, Plaride!

Ground contro! survey (by GPS) . ~ 10 points
Pricking ‘ 10 points
Minor order leveling . . _ 55 km
Field 1D . ' 78 km2
Aerial triangulation _ - 22 models
Stereo plotiing : 78 km2

Editing and plotling - - | 78 km2
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Cabanatuan City

&« &« * & & & &

Ground control survey (by GPS)
Pricking

Minor order leveling

Field 1D

Aerial triangutalion

Stereo plolting

Editing and plotting

San Jose City

Ground control survey (by GPS)
Pricking

Minor order feveling

Field 1D

Aerial ldangulation

Stereo ploiling

Editing and plolting

14 points
14 points
39 km
102 km?2
42 models
102 km?2
102 km?2

7 points

7 points

19 km
10.5 km2

9 models
10.5 km?2
105 km2

The survey standards and map accuracy were as follows:

-

Geodetic reference ellipsoid
Map projection

Datum of height
Sheet size
Map scale
Conlour interval

Map style and its app'lication rule
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Clark 1866

Philippine Plane Coordinate
System (P.P.C.S.)

Mean Sea Level

80cm x 60cin

- 115,000

Intermediate contour Sm,
Supplementary contour 1m,
Index contour 2.5m

: NAMRIA map



12.2

HIGHWAY DESIGN

12.2.1 Design CGoncepts

Design concepls adopted were as follows:

Design Concepls

Measures Adopted

Mobility oriented highway design

Provision for wurbanization along
the Bypass in future

Opfimum utilization of the Bypass
{or to attract enough traffic)

Appropriate measures for local
fraffic and its convenience

Appropriate measures for divided
communities and  agricultural
lands by the Bypass

Preservation of environment

Traffic Safety

Minimal adverse social impacts

High geometric design
slandards

Separalion of through
traffic and local traffic
by providing frontage
roads

Appropriale interval of
intersections

Provision of {rontage
roads with wide road
ROW

Selection of appro-
priate access roads

Underpass boxes for
minor roads

Minor roads o be
connecled with - a
frontage road, but to

. physically prohibit to

cross the Bypass

Provision of environ-
mental zone

Appropriate design of
intersections

Selection of  appro-
priate road alignment

follows:

® 'Ordinary Seclions (vegetation works are main)

+  QGrass
*+  Grass + Small Trees

+  Stone masonry —> for the steep slbpe

Herein, the considerations for environmental Issues of slope protection are as

® Flood Sections (around the culvert baxes and the abutments)

«  Grouted stone masonry
*  Wire-cylinder



42.2.2 Design Standards

1)

Geometric Design Standards

Various design standards were presented in Chapter 7 and
summarized in Table 12.2-1.

TABLE 12.2-1 COMPARISON OF BASIC ELEMENTS OF VARIOUS DESIGN

STANDARDS
- FLAT TERRAIN -
Standards Road Class Design Speed  Lane Width Shoulder
{knn/hr) {m) Width (m)
DPWH ADT Min. 90 3.35 3.0
Design Guideline Over 2,000 Desirable 100 3.65 3.0
Pan-Philippine $0-100 3.35 25
Highway
AASHTO Rural Arlerials 100-110 3.60 3.0
2.4 (min}
Urban Arterials 80-100 3.60 3.0
(Outiying CBD) 2.4 (min)
Japan's Rural Ares, 80 3.50 1.25
Design Standards Type lll
Grade |
Urban Area, 60 325 0.5
Type lV
Grade 1

In determining basic elements of design standards for the bypasses,
the following were taken into account:

« To maintain at least the design standards adopted for the existing
Pan-Philippine Highway.

« Urbanization would be expanded beyond the bypass in the future,
particularly Cabanatuan Bypass. Standards under urban arterials
of AASHTO would be good reference.

Basic elements of design standards were determined as follows and
the proposed design standards are summarized in Table 12.2-2:

Design Speed : 80 km/hr
Carriageway width : 3.5m

Shoulder Width ro2.5m
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TABLE 12.2-2 PROPOSED GEOMETRIC DESIGN STANDARDS

FOR BYPASSES o
Design Element Standard
Design Speed ‘ 80 knvhour
Cross-seclional Etements
Lane width 3.5m
Shoulder width 2.5m
Cross Fall - Carriageway 1.5%
Shoulder 2.0%
Center median widih 2.0m {Plaridel-Baliuag Bypass)
5.0m {Cabanratuan Bypass)
Fronlage road width (one way) 5.56m
Sidewalk 3.0m
Design Elements
Minimum horizontal radius 280m
Minimwum horizontal curve length 140m
Maximuin super-elevation 8%
Maximum vertical grade 4%
Non-passing sight distance 115m
Passing sight distance 580m

2)  Standard Cross-Section

Characteristics of future land use along the bypasses are as follows:

Plaridel — Baliuag Bypass

Most of the areas along the Bypass are designated as the agricultural
land under the future land use plan. It passes through existing and
future residential land at limited areas which are mostly located at the
intersections wilh the existing roads. Thus, the bypass can be divided
into the following areas:

+ Populated area
+ Non-populated area

The frontage road was proposed to be provided for the popu'1ated
areas. The road right-of-way width was proposed to be 45.0m

throughout the bypass section for the provision of future need of the
frontage road. '

Cabanatuan Bypass

The Bypass is planned along the fringe of future residential area, but
industrial areas and institutional area are planned outside of the
Bypass. Thus, the Bypass is located within the planned urban area of
Cabanatuan City, where the frontage road is vitally needed.
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The section between Cabanatuan City and Talavera (beyond
Pampanga River toward the north) is localed in the oulskirt of planned
urban area and the area is designated as agricultural land, thus, the
frontage road is not needed yel.

The road right-of-way width was proposed to be 52.0m throughout the
bypass for the provision of future need of the frontage road.

~ San Jose Bypass

The Bypass is planned along the fringe of future residential area and
passes along the foot of mountains, thus the frontage road is judged
not necessary.

The standard cross-sections of three bypasses are presented in Figure
12.2-1.

The geometric alignment of the bike road follows that of the
carriageway because the bike road will be used as the carriageway in
the future.
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12.2.3 Sclection of Alignment

1)

The approximate route (or corridor) of each bypass was selected as
presented in Chapter 11.  Within the selected corridor, several
alignments were studied {o select the best one based on the photo
mosaics, 1/50,000 topographic maps and field investigations.

Major considerations paid in selecting an alignment were as follows:

» Minimizalion of the adverse social impacts.

« Conformity with the land use plan and the local road network plan.

« Access points to the urban center and other major facilities and the
planned development sites.

+ Location of a long bridge.

Plaridel - Baliuag Bypass

ldentified control points in establishing alignments are shown in Figure
12.2-2. Major control points are as follows:

s Beginning point at Wawa Junclion of North Luzon Expressway
(converled to the Burol Interchange) as discussed in 8.3 of Chapter
8.

» High density residenlial areas scattered in the corridor.

+ Crossing location of a bridge over Angat River (the shorter, the
better, but due to the development of built-up areas along the River
banks, bridge crossing location is limited).

« End point — high density residential areas along the existing Pan-
Philippine Highway.

Alternative Alignments

Two alternative alignments were prepared (see Figure 12.2-2) as
follows:

Alternative — 4. This is the alignment studied during the route
selection discussed in Chapter 8. The alignment mostly passes
through the agricultural land. Access to the proposed agro-industrial
areas in Plaridel and Pandi is focused.

Alternative — 2: This alignmenl intents to provide the shortest link in
due consideration of access o ihe proposed agro-industrial areas.

Comparison of two alternatives are shown in Table 12.2-3.
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2)

TABLE 12.2-3 COMPARISON OF ALTERNATIVE ALIGNMENTS:
PLARIDEL - BALIUAG BYPASS

Alternative - 1 Alternative -- 2
1) Length (km) 22.0 209
2) Construction Cost {Million Pesos) 2,830 (1.00) 2,850 (1.007)
3) No. of houses alfected 76 (1.00) 102 (1.24)
4) Mobility
- No. of intersection
- shortest interval of inlersection
5} Access to Existing  Urban
Centers
- Plaridel Good Fair
- Baliuag Good Good
8} Access to the proposed agro- Good Good
industriat areas
7} Conformity with  loccal  road Good Bad
network
8} Impacts on local development High Medium
9) Linkage with Metro Manila Fair Good
Overall Evaluation O FAN

Selected Alignment

Based on the above evaluation, Alternative-1 was selected for the
Plaride! - Baliuag Bypass.

Cabanatuan Bypass

Control Points

ldentified control points are shown in Figure 12.2-3. Major control
points are as follows:

-

*
| ]
[ ]
»

Beginning point — before the beginning of high density residential
area.

Agro-industrial area in Sta. Rosa.

High density residential areas scattered along the corridor in
Cabanatuan City.

Proposed inner and outer circumferential roads.

Proposed industrial areas.

Crossing location of a bridge over Pampanga River

End point — high residential area along the Pan-Philippine Highway.

Alternative Alionments

Two alternative alignments were prepared (see Figure 12.2-3) as
follows: : '
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Alternalive — 1: To pass through the middle portion of the agro-
industrial area in Sta. Rosa, then to more or less follow the proposed
Cabanatuan City inner circumferential road and crosses Pampanga
River. At the end paoint, this alignment avoid high densily residential
area at the outskirt of Talavera and also Sicsican Bridge which has
been damaged and repaired several times in the past, therefore,
considered a new bridge preferable,

Alternative — 2: This is the alignment siudied during the route
seleclion discussed in Chapter 8. The alignment passes outside of
Sta. Rosa agro-industrial, about 1.2 1o 2.2 km outside of the proposed
residential area, then is connected with the Pan-Phitippine Highway
before Sicsican Bridge.

Comparison of two alternatives are shown in Table 12.2-4.

TABLE 12.2-4 COMPARISON OF ALTERNATIVE ALIGNMENTS:
CABANATUAN BYPASS

Afternative - 1 Alternative - 2
1} Length (km) 304 31.0
2} Construction Cost {Million P) 3479 (1.00) 3,156 (0.91)"
3) No. of houses affected 43 {1.00) 104 (2.41)
43 Mobility
No. of intersection
Shorlest inferval of
intersection
5) Access 1o  Existing Urban
Centers
Sta. Rosa 3.1 km (1.00) 55km (1.77)
Cabanatuan 24~35(1.06)  4.0~5.1km (1.90~1.46)
- Talavera 2.5 km (1.00) 2.0 km (0.80)
6) Access to the proposed industrial
area
Sta. Rosa Good Fair
Cabanatuan Fair Good
7) Access fo the existing 2.1 km 3.6 km
Bus/Jeapney Terminal
8) Conformity with local road Good Fair
network
9) impacis on lecal development High High
{Medium Term) {Long Term)
Overall Evaluation @ AN

Note: * does not include Talavera River Bridge.
Selected Alignment

Based on the above evaluation, Alternative-1 was selected for the
Cabanafuan Bypass.
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3)

San Jose Bypass
Control Points

identificd control points are shown in Figure 12.2-4. Major contro}
points are as foltows:

» Beginning point —high density residential area along the Pan-
Philippine Highway.

High density residential areas in the corridor.

Big creek

Hills

End point -- high density residential area along the Pan-Philippine
Highway.

Allernative Alignments

This bypass is rather small in scale and control points dictated the
alignment, therefore, no alternative alignments were prepared.
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12.2.4 Number of Lanes Regquired

1)

2)

fstimated Traffic on Bypasses

Future traffic demand forecasted in a form of OD distribution was
assigned on a road link network to estimale traffic volume on each
bypass. Resulls of traffic assignment are shown in Figures 12.2-5to 7
and summarized in Table 12.2-5.

TABLE 12.2-5 ESTIMATED BYPASS TRAFFIC (PCU/day)

R . . - )
) ‘E&E B Major Link Condition —Pl—arig%aB Sa:uag C'agyag;;a_r_n N _S;;piize
2005 | 2-lanebypass, Max KINFE] 32,022 17,534
wfn bxpressway Mir. 12,584 10,504 14,784
U R Average | 19555 | 22806 | 16,157
2010 2-fane bypass, Max. 34,936 34,016 22,282
w/o Expressway Min, 15,958 11,097 18,811
. Average | 22887 | 24120 | 205%8
2010 4-lane bypass except Max. 35,712 35,344 17.753
San Jose Bypass, Min. 10,715 10,396 13,709
. iWExpressway | Average | 20022 | 22298 1 15761
2020 | 4tane bypass excep! Max 63.567 53,288 75452
San Jose Bypass, Min. 19.877 25126 19,376
wi Expressway Average 42022 36,531 22,457
Note  Max. = Maximum link traffic volume among inks of a bypass.
Mo = Minimum link traffic volume among links of a bypass
Ave = Average lraffic velume of all knks of a bypass

Cabanatuan Bypass is expecled to altract the highest traffic velume
from 2005 to 2010. In year 2020, it is predicted that Plaride! ~ Balivag

Bypass will attract the highest traffic volume.

San Jose Bypass is

expected to be most sensitive to the cases of with and without an

expressway.

Number of L anes Required

Figure 12.2-8 shows the level of service of a 2-ane road and a 4-lane
divided road. It also shows estimated traffic volume on each bypass
The level of service of each bypass is summarized in Table 12.2-6.

TABLE 12.2-6 ESTIMAYED BYPASS TRAFFIC AND LEVEL OF SERVICE

Bypass

Year

Traffic Volume

) (PCU/day) 2-tane afane
Plaridel-Baliuag 2005 12,600 E 8
Bypass 2010(wio) 22,600 E] 8

2016{w) 20,900 £ 8

o B 2020 42,900 _F D
Cabanatuan 2005 22 600 l E B
Bypass 2010{w/0) 24,100 _E 8

2010{w) 22,300 E
2020 36,500 _F C
San Jose 2005 16,200 D A
Bypass 2010(w/o) 20,600 E B
2010{w) 15,800 D A
~ 2020 25,500 B ' )
Noler  WIO = Wilthout an expressway T
W/ = With an expressway

Traffic volume

= Average traffic volume of alf links of 2 bypass
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year 2000

year 2020

FIGURE 12.2-6 ESTIMATED TRAFFIC VOLUME ON CABANATUAN BYPASS
{ Unit: 100 pcufday, :

year 2005 ' - year 2020

- FIGURE 12 2.7 ESTIMATED TRAFFIC VOLUME ON SAN JOSE BYPASS
: { Unit: 100 pcufday)
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Plaridel -- Baliuag Bypass and Cabanaluan Bypass
When the bypass is constructed as a 2-lane road, LOS is expected to
be E in 2005 (just after completion of construction) and would be F in
2012 or so. In case of a 4-lane divided road, LOS in 2020 would be
stil O (Plaridel — Baliuag Bypass) and C (Cabanaluan Bypass).

It is preferred for both bypasses to be constructed as a 4-lane divided
road from the initial stage, however, recommended from the viewpoint
of financial requirement, to be initially a 2-lane, then widened to a 4-
lane divided road by year 2010.

San Jose Bypass

it is recommended to be a 2-lane road, as LOS in year 2020 would not
be F, but still E.
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12.2.5

1)

2)

3)

Intersection Design

Intersecting Melhods

Three types of intersecting methods were adopled depending vpon
the importance of intersecting roads as follows:

At-grade intersection :  this lype was adopted for an intersection

belween a bypass and a major road, allowing for an intersecling road
an access to / from a bypass.

Under-pass . this type was adopted for 2 minor road in a rural area for
the convenience of farmers and local communities. Access to a
bypass is not allowed.

Access only to a frontage road : this type was adopted {or a minor
road in an urban area for the convenience of local communities. Direct
access to a bypass is not allowed.

This section refers to an at-grade intersection.
Interval of at-grade intersections

An interval of intersections is one of the crtical elements in the design
of a bypass road, and the following must be taken into accounts:

Mobility

Attraction of traffic onto a bypass

Traffic Safety

Road environment, particularly poputation

Desirable minimum interval of 800m and absolute minimum interval of
500m was adopted in this Study.

Design Concept
Design concepts adopted were as follows:

- Traffic is to be controlied by traffic signals.

- Traffic movements are to be channelized as much as possible.
- Leftiurn lane is to be provided with enough storage length.

- Pedestrian crosswalks are fo be provided.

When an intersécti ng read intersects with a bypass at a skew angle
less than 60° degree, an intersecting road is fo be re-aligned so as
to intersect at a right angle.
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A

)

Typical Intersection Layout {Phase-1: 2-lane bypass)

Typicat tayoul is shown in Figure 12.2-9. Left turn lane and divisional
center median island are provided.

. *E?nfa'
fffffffff e e e -
14 %
FIGURE 12.2-9 TYPICAL LAYOUT OF INTERSECTION {Phase-1)
5)  Typical Intersection Layout (Phase-2: 4-lane divided bypass)
Sections Without a Frontage Road
Typical intersection layout is shown in Figure 12.2-10.
l !
‘:‘2{' ARV ‘l E— ::! ﬂ!“.‘:
= e T s o e
— o ahbE . nays A e e~ )
R i AR Ny R q
| L3 |
| _bemm LRS00 | ol o1 ] X 0 L. L1000

INTERSECTOMTYPE- L1350

FIGURE 12.2-10 TYPICAL .LAYOUT OF INTERSECTION {Phase-2,
Without An Frontage Road)
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Sections With a Frontage Road

Some of turning movements are recommended to be prohibited as
foltows:

+ Right turn from a bypass to an intersecting road. Right tumn
vehicles is to enter into a frontage road ahead of an intersection,
then make a turn using a frontage road.

*  Left turn from a frontage road to an intersecling road. Left turn
vehicles on a frontage road is to first make right turn to enler into
an intersecling road, then make u-turn on an intersecting road.

* Right tumn from an intersecting road to a bypass. Right tun
vehicles on an intersecling road are to enter into a frontage road,
then enter into a bypass through entrance ramp.

* Through traffic from a frontage road to a bypass, which is to go

straight onto a frontage road ahead and go into a bypass through
an entrance ramp.

Typical layout is shown in Figure 12.2-11.
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FIGURE 12.2-11 TYPICAL LAYOQUT OF INTERSECTION
{Phase-2: With Frontage Road)

An alternate layoul of an intersection is shown in Figure 12.2-12.
Under this scheme, traffic on a frontage road is required to go into an
intersecting road and make necessary turns on an intersecting road.
Traffic movements at an inlersection is simplified, however, those
along an intersecting road are sacrificed.
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FIGURE 12.2-12 ALTERNATIVE LAYOUT OF INTERSECTION
(Phase-2: With Frontage Road)

B6) 3-t.eg intersection Layout at the Beginning and the End of Bypass

Typical layoul of an 3-leg intersection at the beginning and the end of a
bypass is shown in Figure 12.2-13 and 12.2-14.
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FIGURE 12.2-13 TYPICAL LAYOUT OF 3-LEG INTERSECTION
' (With Frontage Road)
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FIGURE 12.2-14 TYPICAL LAYOUT OF 3-LEG INTERSECTION
{Without Frontage Road)
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12.2.6

Interchange Design

One interchange is required along the Plaridel — Baliuag Bypass which
starts from the North Luzon Expressway. The location of the
interchange was selected to be at the exisling Wawa Junction
(Junclion between the North Luzon Expressway and its branch going
to Malolos). The exisling Wawa Junclion was proposed (o be
converted to an interchange (named as “Buro! Interchange”).

Four types of interchanges were sludied in Chapter 13 and “Turbine

Type with Direct Connection” was selected. This section 12.2.4

discusses the preliminary design of the selected type of the
interchange.

The system of new Burol Interchange is shown in Figure 12.2-15 and
Table 12.2-7.

The design standards for the new Burol interchange adopted were as
follows:

(1) Design Speed

Expressway 100 km/hr,
Ramps : 50 km/hr.

{2} Minimum Geometric Design of Ramps

Description Unit Value Adopted
Radius Curvature m 80.0
Ramp width
One-lane, One-way m 6.60
Two-lane, One-way m 8.40
Vertical Grade % 6.0

Acceleration Length

for Two-Lane m 205

for Taper m 90
Deceleration Length

for One-ane m 165

for Taper m a0

A plan of the new Burol Interchange is éhown in Figure 12.2-16.
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TABLE 12.2-7 SYSTEM OF NEW BUROL INTERCHANGE

~

Direction

Name of Ramp

Bypass —> Manila

Manila
Malolos
Mantla

—> Bypass
—> Manila
—> Malolos

-—> Malolos
Malolos —> Bypass
Tarlac —=> Bypass
Bypass —> Tarlac
Malolos — > Tarlac
Tarlac —> Malolos

Bypass

A
B
C {Existing)
(Exisling)
D (Relocated
Existing Ramp)
E

o o —

Note: * {1} The existing Ramp (Manila =~
seriously deleriorated bridge crossing the expressway.

Nos_of Lan |

f->2
1
2->1-> 2
i—>2
1722

1722
1

___Remarks
Major Traffic
Major Traffic

t {1

Connect to E Ramp

Not Provided

> Malolos) is relocated due to

FIGURE 12.2.-15 KEY PLAN OF BUROL INTERCHANGE
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12.3

12.31

BRIDGE DESIGN
Design Standards and Standard Cross-Sections
Design codes and slandards adopted for the design were as follows:

+ AASHTO Standard Specification for Highway Bridges, 16" Edition,
1996 including Division A, Seismic Design.
+ Specifications for Highway Bridges, Part IV, Japan Road
Assaciation.
+ Design Guidelines, Criteria and Standards, Volume | & Il Ministry
of Public Works and Highways.
» National Structural Code of the Philippines; Volume 1, Fourth
Edition 1992 & Volume 1}, Second Edition 1997
s Department of Public Works and Highways
- Department Order No. 75, "DPWH Advisory for Seismic Design
of Bridges®, 17 July 1992
Department Order No. 56, “Quality of Plans’, 22 March 1985
- Department Order No. 229, “Guidelines on Soil Survey and
Sampling for Highway Design and Subsurface Gxploration for
Design of and Construction of Foundation of Bridges”, July 1993
DPWH Standard Specifications for Highway, Bridges and
Airports, 1995.

Major elements for bridge design adopted were as follows:

e Live load o MS 20-44 .
e Seismicload : In accordance with Division 1A of AASHTO
s+ Free board o 1.5m

Figure 12.3-1(1), (2) shows cross-sections for a long bridge, a
moderate / small bridge and a bridge for new access road. The
center median and shoulder width of the moderate / small bridges are
same as the roadway for traffic safety, and frontage road is provided to
the moderate / small bridges in the with-frontage road sections.

In the longer bridge sections, the cenler medians are reduced to the

roadway and the shoulder width is adopted to minimum standard width
by considering the construction costs.
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12.3.2 Bridge Lists

Table 12.3-1 shows the list of bridges for each bypass. The total
number of bridges and ranges of bridge length are as follows:

+ Plaride! - Bativuag Bypass
- 15 bridges {bypass: 11, interchange: 3, access road: 1)
- long bridge: Angat River Bridge L = 1,135m
- moderate bridges: L = 160~155 (all interchange viaduct)
- small bridges: L. = 16~50m
» Cabanatuan Bypass .
- 18 bridges (bypass: 17, access road: 1)
- long bridges: Pampanga River Bridge t. = 860m
‘ ~ Talavera River Bridge L = 665m
- moderate bridge: L == 176m
- small bridges: L = 12~60m
+ San Jose Bypass
- 3 bridges (bypass: 2, access road: 1)
- small bridges: L = 25~54m

The general profite of long bridges is shown in Figure 12.3-2.

TABLE 12.3-1 LIST OF BRIDGES

Bypass Numbet of | Statlon | Length | No. of Bridge Typs of Remarks
Bridge {m} |Spans Type' *_Foundn.
1 0+588 16 1 RCDG RCP 4007400 Skewed
2 5508 25 1 PCDG RCP 400*40¢ | {Rd.:lrr. Canai
Plaridel- B 3 74208 kg 1 PCDG RCP 400400
Balivag Y 4 8+010 30 1 PCOG RCP 400%400 -
P 5 8+430 0 1 PCDG | RCP 400%400 | (Rd.+lrr. Cana
A & 706 18 i RCOG RCP 400*400
S 7 424490 ] 45 2 RCDGPCOG | ACP 400*400 | {Ad.+irr.Canal)
s 8 13+560 35 1 PCOG - | ACP 400400 {wiFr. Rd)
g 141865 | 1,135 F14 PCOGPCRG CCP 1200 ANGAY Br.
10 164138 25 1 PCOG RCP 400°400 {wi Fr. Rd.)
11 174075 30 1 PCDG RACP 400500 fwt Fr. Rd.}
Sub-Total 1,407 . i
Ramp A | 01228 160 ] PCDG RCP 400400 A Ramp
inter- RampE | 0+276 50 2 PCDG RCP 400400 E Aamp
change | RampF | 0+266 158 7 CPODG RCP 400400 F Aamp
Access Road 20 1 PCDQ © | RCP q00*400 Access Road
1 24070 60 3 RCDGPCDG | RCP 400*400 RAlver
2 74952 18 1 " RCDG RCP 400406 Stream
R 104317 | 20 i PCDG RCP 400*400 | '~ Stream
4 114285 16 1 RCOG - | RCP 400*400 __Stream
Cabanatuan 5 124828 | 22 1 " FCDG RGP 400°400 < Stream
6 124897 | 18 1 "RCOQ | RCP 4007400 Ditch
? 134655 | 30 1 " PCOG ' | RCP 400%400 River
8 g 154790 &0 -3 | RCDG/PCOG | ACP 4007400 | . River
Y 9 74465 | 90 24 PCOGPCOG | CCP 1200 ) PAMPANGA Br.
P 10 19+3583 k] | PCDG ACP 4007400 | - L
A 1 1770 ]| 176 6 . PCDG | RCP 4007400 |-~ River
S 12 24117 12 1 RCOG RCP 400°400 |- - Ditch
5 13 224850 | 16 i ACHG RCP 400%400 | lrrigation Canaf
14 231850 12 1 RCDG RCP 400*300 Stream
15 23+493 114 4 __RCDG RCP 400400 - Stream
6 264270 2 i PCDG RCP 400400 River
17 291053 | 665 19 PCDG/PCBG CCP 120 TALAVERA Br,
Sub-Total 2,145 .
IAccess Road ' L 30 1 PCDG RCP 400400 Accesss Road
‘ BY- - 1 54985 54 2 PCDG RCP 400*400
SanJose PASS 2 64556 48 3 RCOGACDG | RCP 4007400
! Sub-Total 102 ]
Access Road 25 1 PCDG ACP 400400 | Access Road
Hotes: .
RCDG :  Rainforced Concrete Deck Girder ACP: Frecast Reinforced Concrete Pile
PCDG: Prestressed Concrete Deck Glrder CCP: Castin-piace Concrete Pile

PCBG: Presiressed Concrete Box Girder
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1233

12.3.4

Hydraulic Analysis for Long Span Bridges

The hydrological survey was carried out to collect rainfall data,
information on past high water level, etc., for three long bridge sites

along the proposed bypasses.

Based on the collected data and

information, the hydraulic analysis was carried out (refer to Appendix
12.3-1) and summarized in Table 12.3-2.

TABLE 12.3-2 SUMMARY QF HYDRAULIC ANALYSIS

Angat River Pampanga Talavera River
Bridge River Bridge Bridge
(Piaridel - (Cabanatuan (San Jose
Baliuag Bypass) Bypass) Bypass)
Catchment Area (km?) 8731 24438 439 .4
Discharge (m*/sec) 3,274 7.204 1457
High Water Level 11.23 32.68 43.33
{m above mean sea level) B
Velocity (m/sec) 1.07 2.16 2.01
Note: Returnperod : 50 years

Bridge Type Comparative Study of Long-Bridges

There are three big rivers over which a bypass has to cross. They
are Angat River along the Plaridel — Baliuag Bypass and Pampanga
River and Talavera River along the Cabanatuan Bypass. According
to Japan's Guidelines for River Control and Management, the

minimum span length is determined by the following formuta:

L>20+0.005Q
L > 30+0.005 Q

Where:

{ for 500 < Q <2000 )

{(for Q>2000}

L = minimum span length (m)

Q = Design discharge (m*/s)

When above formula is adopted, the minimum span tength required is

as follows:
Angat River Bridge L = 46m
Pampanga River Bridge L = 66m
Talavera River Bridge L =28m

In _due consideration of above minimum span length as a guide and
river conditions such as ordinary water depth, maximum water depth,
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elc., three alternalive schemes were studied for the main bridge
portion of Angat River Bridge and Pampanga River Bridge as shown in
Table 12.3-3 and Table 12.3-4, respeclively. In each bridge,
Scheme-1; Continucus PC Box Girder with 70m long central spans
with 60m long side spans, was found the most advantageous.

Figure 12.3-2 shows the general profile of three long bridges prepared
based on the selected type of bridge.
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PAVEMENT DESIGN
Design Standard

DPWH's Design Guidefines, Criteria and Standards recommends iwo
design methods, i.e., AASHTO method (AASHTO Interim Guide for
Design of Pavement Structures, 1972) and TRRL method (Road Note
29. A Guide to the Structural Design Pavement for New Roads, 1970).
TRRL method gives thinner concrete slab thickness than AASHTO
method. The latest AASHTO method is compiled in the AASHTO
Guide for Design of Pavement Structures, 1993, {"1993 AASHTO
Guide”) which covers design of new pavement as well as design of
various rehabilitation methods.

Design requirements for figid (PCC) pavement and fiexible (AC)
pavement are summarized in Table 12.4-1.

Major Design Variables
The Predicted Number of 18-kip ESAL (W18)

W18 was estimated based on the projected lraffic volume on the
bypass and following bus and truck factors:

Bus factor = 1.0 Truck factor = 3.21

= T = FLARIDEL BALIUAG BYPASS
o CABANATUANBYPASS  p Tt TrrttttomTosssresmeresseccreg -
$AN JOSE BYPASS
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YEAR .

FIGURE 12.4-1 18 Kip ESAL OF EACH BYPASS FOR 25 YEARS
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TABLE 12.4-1 DESIGN REQUIREMENTS

Category

Description

Design Variable

a1 Time Constraints
s+ Performance Period
¢ Analysis Period

a2 Traffic Loading

Life of Initial Pavement Structure

Planned Stage Conslruction; 25 years

W = 18-kip Equivalent Single Axle Load {ESAL)
18 Application

Traffic Loading Classes; 6 classes {A to E)

a3 Reliabiity z = 1.645 {or 5% Reliability R, not considered
R
S = 0.3-0.4 for Standard Ervor, not considered
o
a4 Environmental bmpact
+ Roadbed Swelling PS1 = Loss of P3); not considercd
sW
Performance Criteria
b4 Serviteability P31 = P-P=P.-APSt-A PSI
ot o w sw
{ APSI ;notconsidered)
sW

Material Properties for Structural Design

c.1 Effective Roadbed Soil Resifient Modulus
{Flexible)

c.2 Effective Modulus of Subgrade Reaction
{Rigid)

¢.3 Pavement Layer Materials Characterization

¢.4 PCC Modulus of Rupture (Rigid)
(Flexusal Strength)

©.5 Structural Layer Coefficient {Floxible)

MR |pci); estimated based on CBR

K-Value{pci); estimated based on CBR and
subbase thickness

E = Modulus of Subbase {13,000 psh
$B

E = Modu'lus of Base (23,000 psi}
BS

E = Modulus of Asphalt Concrete {350,000 psi}
AC 6

E = Modulus of Elasticity of PCC  3.28 x 10 psi)
c

s = Estimated Mean Value for PCC
[ Modulus of Rupture (psi); 580 psi

Asphait Concrete Layer Coefficient . 0.39

Bitumen Stabilized . D2

Crushed Gravel Base ; 0.105

Subbase 5 0.095

Pavement Structural Characteristics
d.1 Drainage
d.2 Load Transfer [Rigid)

+ Jointed Pavement

s Tied Shoulder or Widened Qutside Lane

d.3 Loss of Support (Rigid)

Flexible m = Layer Coefficient Modifying Factor; 0.9
Rigid CD = Drainage Coefficient; 1.0

J = Load Transfer Coetficient; 3.3

LS = LossofSupport )
i 1.0~3.0 for unbounded granular materials
© 2.0~3.0for fine granular or natural
' subgrade materials
0~1.0 for cement Treated Granular Base

Reinforcement Variables {Rigid}
¢.1 Slab Length
.2 Working Stress

.3 Friction Factors

Depeﬁding on local conditiens, )
subbase type, course agaregate, elc.
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(2) Performance Gfneria ( PSH

The initial serviceability indexes (Po) were observed at the AASHTO

Road Test:
Po = 4.5 for rigid pavement (PCC)
Po = 4.2 for flexible pavement  {AC)

AASHTO Guide (1993) suggests the terminal serviceability indexes
(PL) as follows:

Pt
Pt

2.5 for design of major highway
2.0 for design of highway

in this study, the foilowingA PSi was adopled because of the arterial
road.

A pgl=45-25=20(for PCC) £ PSI=42-25=17 (for AC)

(3)  Resilient Modulus {Mg) of Roadbed for AC Pavement

This value changes under stress level and moisture conditions.  So in
this Study, the following range of Mg values were assumed, and the
total thickness were determined which correspond to Mg values.

Mg = 7,000 (psi)

This value is used for evaluating and studying relation between the
total pavement thickness and the initial performance period.

12.4.3 Pavement Design

in order to determine the most appropriate pavement type for the
bypass, the life-cycle cost analysis of pavement was cariied out using
the design variables in 12.4.2.

The resuits of the study are shown in Table 12.4-2. From this table,
the results are summarized as follows:

« PCC pavement is more economicél than AC pavement for three
bypasses, since the life cycle cost of PCC pavement is lower than
that of AC pavement. ' '

» Among the PCC pavement thicknesses, 25 centimeter is the most
economical one for Plaridel — Baliuag Bypass and San Jose
Bypass. In Cabanatuan Bypass, 23 centimeter in thickness is
the lowest in cost, but the cost gap between 23cm and 25cm
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thickness is very small, but the initial performance period of 25cm
is tonger than 23cm.

s it is recommended that PCC pavement of 25cm in thickness be
adopted for the type of pavement.

TABLE 12.4-2{1} SUMMARY OF LIFE-CYCLE COSY ANALYSIS:
PCC PAVEMENT
Plaridel- Cabanatuan San Jose

Thickness items Balivag Bypass Bypass
i B Bypass . o
Initial  Performance 10.2 10.2 6.3
- Period (Year)
€=236M sl Discounted  3.80 3.70 4.29
o Cost (MP/Km) _
Initial Performance 14.2 14.7 a5
_ Period (Year)
t€=25eM  1oal  Discounted  3.73 372 416
Cost (MP/Km) B
Initial Performance 192 205 13.3
_ Period (Year)
te=27eM 1ol Discounted  4.07 4.02 4.37
Cost (MP/Km)

TABLE 12.4-2(2) SUMMARY OF LIFE-CYCLE COST ANALYSIS:
AC PAVEMENT

Plaridel- Cabanatuan San Jose

Structursl

Number Items Balivag Bypass Bypass
Bypass o
Initial Performance 4.2 39 23
- Period (Year)
SN=3.72 " Jotal Discounted {*) 4.37 4.45 4.91
Cost (MP/Km)
Initial Performance 9.1 a.1 56
_ Period (Year)
SN=4.33 " Toa1  Discounted 4.47 4.45 4.83
Cost (MP/Km)
Initial Performance 157 16.5 10.6
- Period (Year)
SN'4'$3 Total  Discounted 461 458 4.78
Cost (MP/Km})
: - Initial Performance 243 26.5 17.3
N Period {Year}
: _SN"S'S Tota! | Discounted ~ 5.05 - 5.04 516
Cost (MP/Km)

Note: (*) Discount rate 15%
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SUMMARY OF £ACH BYPASS

Scope of work of each bypass is summarized hereunder.

12.5.1 Plaridel - Baliuvag Bypass
1} Number of Lanes  4-lane divided (with and without frontage road)
2} Total Length ‘ = 21.982 km
- Section with the frontage road = 7.453 km
- Section without the frontage road = 13.129 km
Roadway Section Total = 20.582 km
- Bridge lengtn = 1.407 km
3) Road Right-of-Way Width 450 m
4) Bridges
- Long bridge n=1 L = 1,135m {Angat River)
- Medium / Short Bridges n =10 L=272m
5) Interchange n = 1 (with North Luzon Expressway)
8) Intersecting Roads
- Major intersections (Access allowed to bypass) n =8
3-leg intersection n=1
4-leg intersection n=7
Shortest interval L = 850m
Longest interval L =5,900m
Average interval L =2750m
- Underpass (access to the bypass not allowed) n =10
- Access is allowed only to frontage road,
but not to the bypass n=5
7) Access Roads
- New access road n=1 L = 2.48km
- Improvernent of existing road
National roads n=1 L= 245km
Provincial roads n=4 L= 7.90km
Barangay roads n=1 L= 190km
- Total n=7 L. =14.73 km
8) Cross Drainage Facilities
-RCBC ; n=9
-RCPC ‘ n =64

The plan of the Bypass is shown in Figure 1251
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MAJOR FEATURES
TOTAL LENGTH: 1=21.989 K. -
* Section with Frontage Road : L=7.453 Km.
* Section without Frontage Road : L=13.129 Km.
* Bridge Length : L=1.407 Km.
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* Long Bridge n=1, L=1,135m. {Angal River Br)
*» Modium / Short Bridge n=10, L=272m.

FIGURE 125-1 PROPOSED PLARIDEL-BALIUAG BYPASS
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LEGEND :

i PROPOSED BYPASS ALIGNMENT (With Frontage Road)
| et PROPOSED BYPASS ALIGNMENT {Without Frontage Read)
| e EXISTING PAN-PHILIPPINE HIGHWAY ANO NORIH

LUZON EXPRESSWAY
EXISTING ROAD
wemn ACCESS ROAD FOR IMPROVEMENT
weom NEW ACCESS ROAD
' + RIVER, CREEK, CANAL
COMMERGIAL AREA (including Municipt Futwre Plan)
HIGH DENSITY RESIDENCIAL AREA
(Including Muricips! Futire Plan)
PROPOSED INDUSTRIAL AREA BY MUNICIPALITIES
GOLF COURSE
1 BRIOGE
mm  UNDERPASS BOX
@  INTERSECTION
3 MUNIGIPAL OFFIGE

FIGURE 12.5-1 PROPOSED PLARIDEL-BALIUAG BYPASS | a1 o
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