





CHAPTER 5 INITTAL EVALUATION

5.1 General

 For ‘assessment. of the existing bridges surveyed by visual
inspection; an initial evaluation was carried out'by bridge -engineer’s
judgment based on criteria on the degree of structural deterioration,
including potential dangers to be brought about by the river condition,
i.e. bankislope erosion local scouring and sedimentation, etc. Based
on the criterla on extent of structural deterioration, the bridges were
rated as A (Urgent Replacement or Repair), B (Needing Repair) or C

(Maintenance only) through visual inspection.
5;2' Cfiteria for Initial Evaluation
(1)  Urgent Replacement or Repair (A Rate)

Bridge etruetures that are extremely deteriorated and subject to
potential dangers which might be brought about by the river condition,
such as bank/slope efoeion; local scouring and sedimentation, severely
affect the substructures, and foundations. Besides the condition stated
above,,the A rate includes the bridges that have very important traific

flow; and those where traffic blocking result in large financial loss,
(2) PNeeding Repair (B Rate)

The gtructural function of the bridge is sufficient. Deterioration
and damages, however, are expected due to increase in traffic volume and
heavy'loads plus the potential danger caused by the river condition.
Thus, light repair and/or protection shall be required accordingly after
further obgervation.

{3) Maintenance Only (C Rate)

To date the structural function is sufficiently safe. Periodic

. inspection and maintenance, however, shall be required in the future.
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5.3 Noticeable Bridges for Rehabilitation

_ As a result of initial evaluation ba'sé'd_"6n"_t:he'=_crit'e'ria defined .i“,
the previous section, the 742 bridges were'- indi§idually_ rated A, B or C
in the comprehensive rating of bridge condition accord_'ing to the degree.
of structural deterioration and ‘damages. - The numbers -of bridges .by :

rated categories are as follows:

Nos. of Bridges _ Ratingﬁéaiudti@h -
49 A —
C )} 99 : }A+B
50 - . . B .
643
742 Actual Nos. Inspected

The bridges rated A and B (99 bridges) are defined as noticeable
bridges and screened as the bridges to be urgently rehabilitated.

5.4 Classification of Deterioration and Damages

- The degree of deterioration, damages and problems of the existing
bridges vary with the condition of i the bridg’eé' baée_d on the year “of
construction, materials used, quality control, circﬁﬂsfances',: etc,:
However in a broader classification, deterioration énd dam_agés of 99
noticeable bridges out of the 742 bridges Iadt\ially inspected were

categorized as follows:



Numbers of Bridmes Rated by Type of Deteriorations and Damages

o ~Type of ﬁeteriorationa & Damages Rates Total
- i A B C
(1) . Corrosion/Collision of Major Member 6 23 - .29
(2) Concrete Beam Crack/Spalling 13 15 - 28
(3) Dé@k Slab Crack/Spalling 28 22 - 50
(%) -:Subst;UcturelFoundation 5 14 - 19
(5)  Bank Washing Away/Erosion - 2 - 2
(6)(_:SiopeTProtection_Erosion ' 7 7 - 14
'(7). Clearance Shortage . 1 - - 1
(8) River Current Incoincidence - 2 1 - 3
(9) .Inadéquate Bridge Width 6 3 - 2
(10) Aﬁprbach Road - 3 - 3
(11) Others ' 2 - - 2
Potal ' 70 90 - 160
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'CHAPTER 6 SELECTION OF BRIDGFES FOR REHABILITATION AND
PRELIMINARY DESTGN

6.1 -General -

- The noticeable bridges (99 bridges) judged to have serious
deterloration and damages in the initial evaluation were se]ected as
candidate bridges for rehabilitation. To establlsh the bridge rehabili~
tation prdgrém, éelectioh of the bridges to be urgently rehabilitated
were made out of the noticeable bridges based on the technical rating
and socio-economic ‘circumstances. The procedures for selection of the
bridges are shown in Fig. 6.1. The technical rating was categorized
iﬁto:'l) corrosionf/collision of major members, 2) concrete beam
crack/spalling, 3) deck slablspalling, 43 subsﬁfﬂctﬁrelfcundation,
5) bank washing away/erosion, 6) sldpe protection erosion, 7) cleafance
shortage, - 8) river current incpincidence; 9) inadequate bridge width,

10) approgch road and 11} otheré.

The bridges for preliminary design were also selected out 0f the
urgent rehabilitation bridges, considering the representative bridges
which will cover every possible rehabilitation method in the feasibility

study..
6.2 Setting up of Criteria

driteria for:selecting bridges to be urgently rehabilitated consist
of thé technical.criteria related to the above categorized items  and
the socio economlc circumstances v1z. traffic volﬁme. probable
detouring, pOpulation along the roade on which the bridges are located
and infrastructurer facilities. The bridges for rehabilitation were
selected'based on-the technical criteria shown in Tables 6.1 to 6.3, the
degfee of deterioration and considering the results of visual
inspection. The bridges for rehabilitation were screened based on the

following criteria.
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(1) Bridges which require urgent replacement and/or repair

Brldges which are unable to normally function unless urgent
replacement andior repair of serious structural deterloration and damage
is-'done. These bridges are rated A based on the technical criteria for

sgleéfing=hridggs for—rehabilitation shown ‘in Tables 6.1 to 6.3,

(2) Bridges on the roads where traffic volume is considerably high and
having inadequate width

"Hea&yatype' vehicles such as tfuéks contribute greatly to the
deteridratidn of bridge structures. A number of approx. more than 200
: trﬁckg corresponding to AADT=2,000 vehicles is critical to cause
démagés. The existing bridges with a width of less 7.0 m and AADT of
mqrE'thag 5,000 vehicles are also considered as critical through type

bridges subject to damages hy collision.
(3) Bridges located within the range of no probable detouring

Trafflc blocking due to brldge collapse or failure seriously
affects social activities around the bridges which are located within a

range_of ‘non probable detouring road.

(4) Bridges located within the area where the population' of the

individual province along the road is more than 300,000

There is a relationship between the population of an individual
p:dvince_along the rogd and the amount of agricultural products. The
area ﬁhefé thé population is not less than 300,000 persons corresponds
to thé area where the smount of agricultural products is not less than
7,006 x 106'pesa; This area has a more considerable importance in the

economic development than the other areas.

(5) BridgeéIIOCAted_within the area where the number of infrastructure

facilities is more than 10 in each province

In the sabove area, there are more types of Infrastructure

faciliiies compared with other area#. The major facilities such as
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port, airport, power station and irrigation induce the transportation :of

goods, material and passenéers'

‘The results. of seleCtién of .bridgés £o;=rehabilitati@n:baéedmon
the technical criteria are showﬁ.in Tables 6.4 to ﬁug;fvTheinoticiabie
bridges with A and B rates, however, are only marked,in,the;tablé;-while o
the bridges with C rate, which'réQuire_simply_normal maintenance, are
not. = In the technical rating, the tbtal-asseésmentiresults-a:e-filleﬂ
up in the Tables. A bridge is asaéssed:to'berof,A rate if at least one
of its categorized items is rated A, while it is assessed as of B rate

if it has at least one B rate asnd none A rate among its categorized

items.
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6.3 -Selected Bridges for Rehabilitation and Preliminary Design

~Among the 99 ‘bridges which were pre-evaluated, 52 bridges were
selected for urgent rehabilitation based on the criteria for selection

mentioned in’ Section 6.2,

 'Noticeable Bridges Selected Bfidgestfér

- {Candidate Bridges) L Urgent Rehabilitation
49 A 49
50 - B ' : 3
99 Bridges A + B : 52 Briges

Note: The results of visual inspection for 52'bridges are sum-
‘marized in APPENDIX 6.1.

The selected 52 bridges are distributed in the following 6 regions.

Region Nos. of Selected Bridges

I 10

II 10

IIX 6

IV.A 9
¥ 13
VIII 4

6 Regions 52 Bridges

The bridgés to be taken up for preliminary design were chosen with
cohsiderati6n that they are representative among the 52 bridges
 previously selected, regarding the types of bridges and deterioration

and damages, and also considering the following conditions:

(1) Risk of collapse or failure in the near future due to deterioration

: éndfor damages of major members.

(2) Risk of being washed away by flood or falling down of bridge by

‘riverbed scouring,
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(3) Risk. of utilization-limit —of,:bridge{:function. dﬁe’;ﬁo structural

deterioration and damages deck slabs and other members, and

(4) GConsequently, the traffic blocking which mexndCCuﬁ due ;p:the;abpve

risk may create serious impact to socio-economic conditions.

22 bridges were selected for preliminary design based on the above
conditions and the study team s judgment which envisages representative
rehabilitation methods. The relationship between ‘the bridge types end_
numbers by deterioration and damages of the selected bridges (52 bridges

and 22 bridges) are shown in Tables 6.9 and 6,10,
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22, bridges were

selected as the

representative rehabilitation

bridges: for preliminary design out of the 52 bridges requiring urgent
priority.. The diagnostic record of the 22 existing bridges is sum-

marized in APPENDIK 6.2,

:Bi} No. Bridge Name Br. Type
Mani;a - Laoag
(1) 14 Labangan I SIB
(2) . 54 Tagamusing RCDG
(3) . 58 Bued PONY / TRUSS /RCDG/ SIB
() - 65 Lomboy RCDG
(5) 77 Bauang I PONY
nﬂgnilé - Allacapan
(6) 43 Sicsican TRUSS
(7y 71 ‘Indiana SIB/PONY
S(8) 73 Batu TRUS
(9 109 Naguilian SIB/TRUSS
(10)°. 113 Malalam SIB/TRUSS
(1) 139 Pinacanauan SIB/TRUSS
(12) © 154 . Pared PONY /RCDG/ TRUSS
Matnog - Manila
(13) 19 Suje RG-SLAB
{14) - 78 San Gabriel RC-SLAB
(15) 188 Binanaan RCDG
(16) - 208 Sto. Cristo RCDG
(17) 220 Magapon PONY
(18) 227 San Cristobal RCDG / TRUSS
Liloan - Allen
(19) - 200 Jiabong RC-SLAB
(20) - 120 Hinogbongan SIB
(21) © 160 Jubasan 1T PONY
Jubasan I TRUSS

_(22).: T 161
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Table 6.10 NUMBER OF DETERIORATION AND DAMAGES
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Upper part iz the numbers from the bridges for preliminary design.

.
+

Note

Lower part is the numbers from the bridges requiring rehabilitation,



6.4 Categorization and Number of Bridges

Consequently, the numbers of bridges for the individual phaée are

described below and shown in Fig. 6.2.

- Results of initial_evalﬁatidn showed‘ég-damaged'andiﬁas ﬁealthy
bridges (those under normal condition), '

- Of the 99 bridges for rehabilitation, 52 were selected for urgent
rehabilitation and 47 categorized as_“fequiring‘ﬁeripdical

observation”.

- Out of the above 52 bridges, 22 bridges requiring preliminafy

design were selected.

.- 5 bridges were selected for detailed survey for obﬁaihiﬁg

necéssary data for preliminary désign.
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CHAPTER 7 BRIDGE DETATLED SURVEY

7.1 . General:

o A bridge ‘detailed stirvey was conducted in order to know the actual
condition“of'ihe'eﬁisting structures, and to get geotechnical data and
topographic maps of the representaﬁive bridge sites, The surﬁey
'coﬁsisted-mainly of structural survey, topographic survey, geotechnical
'surﬁéy and'aétual”loading tests.” The structural survey was carried out
by' ‘measurement “of Struétural'-sizes to use for analysis of loading
capacity. of briqges and non-destructive test to assess the physical
(strength}. chemical, mechanical properties. The topographic and
geotechnical “surveys were also carried out to prepare topographic maps
of complicate terrain end to make sure the bearing strata for bridge
foundation respectively at the representative bridge sites. A full
scale loading test was conducted to compare the results of loading test
with calculation formula and to turn attention to bridge rehabilitation

as a demonstration.

Summary of the bridge detailed survey and its results are described

in the subsequent sections.
7.2 Structural Survey

A structural survey was conducted on the following 5 representative
bridges out of the 22 bridges selected for preliminary design. These
bridges were considered to be insufficient in loading capacity through

visual inspection and need to be checked by calculation formula.

1) Labangan I Bridge in Calumpit, Bulacan,

2) -Bauang I Bridge in Bauéhg, La Union,

3) Antayam I Bridge in San Ildefonso, Bulacan,
4) Sto. Cristo Bridge in Sariaya, Quezon, and
5)  San. Cristobal Bridge in Calamba, Leguna

" . The structural survey consisted of the measurement of structural

sizes and non-destructive tests. The results of detailed structural
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. survey are shown in APPENDIX 7.1.

7.2.1 Measurement of Structural Sizes and Damagee :

Dimengions of superstrﬁetures sﬁch'as epan arrangement, cafr}egeway
width height and thickness of major members. deck' slab thicknees,
position and height of bearing shoe and handrail w1dth and height were

measured using steel tape and nogis. .

_ Dimensions of substrueturee such as width and lengthgoﬁepegape;,
bearing bed, stem .and wing wall of abutment,_cap, footing and foundation

pier were measured using steel tape..

- Measurement of crack v ﬁ o structural concrete was carried out
by means of microscope and_ steel tape.. . Mevement.¢@1ncl;na;ipn) of
abutments and piers was measured by.plumb-bob ahd:se;tlement,of

substructures and approach as measured by level and staff.

Degree of corrosion of steel_ structure was judged by means of

photographic comparison.
7.2.2 Non-Destructive Test and Neutrality Test

Non-destructive tests are aimed at 1) asseesing concrete strength,
2) aesessing.hardness (strength) of structural steel, 3) assessing
neutrality and quality of concrete, 4) detecting. concrete cover and
reinforcing steel, 5) detecting cracks of structural steel end'

6) assessing pile length.

For the bridge detailed survey in the Feasibiiity Stﬁdy, concrete
strength test, hardness test (strength) of struc;utel gteel and
" neutrality test were undertaken to obtain the necesea:y  datg  for

calculating loading capacity.



(1) Concrete Strength Test -

The presumption methods .of concrete strength by Schmidt Hammer
method waS'adopted in thils study. The "rebound number" was measured at
the speqifiéd locations along the concrete Qlab, concrete beamn,
abutment, pier, etc, The rebound number corresponds to the strength of

concrete,
(2) Hardness Test (Strength) of Structural Steel

Hardness tests are used for quality control in the manufacture of
- structural steel. In this study, the portable type Ernst testing
machine, which is a well known reliable hardness test instrument, was
used. The Ernst testing machine works on the static principle of

penetration depfh difference, and its degree of accuracy is 0.0006 mm.
(3) Neutrﬁlity Test

In this sﬁudy. the neutrality test (phenoiphtalen method} was
éondﬁcﬁedra1§ng the specified locations of thé.concrete slab, concrete
beam, abdtmeﬁt and pier by spraying é'éhemiéal reagent called
phenolphtalen {1Z liquid) on the newly crushed face of structural
concrete. " After chemical reaction has taken placé,'neutrality depth was

measured by use of a steel scale.
(A)H_Test Results of Non-Destructive Test

. The field surﬁey test results of concrete strength, steel strength

and‘neutrality depth are giveu below:
' _a) Qoncfete Strength Test Results

The concrete strength test résults ébtained as shown below are
higher than 3000 psi (210 kgfcmz) specified in Item 405; Structural
Gdncrete of the Standard Specifications for Public Works and Highways,
‘Volume 1I, Standard Specifications for Highways, Bridges and Airports,
1988 edition. The higher values indicate that - the quality control

during construction was good.
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Br.No. Bridge Name  Location of Test  Comerete. = - Remdfké

.St;ength,
14 LABANGAN I - Abutment - SAO'kglcer
-~ Deck 8lab - . +400 kglcmz
77 . BAUANG I . Abutment (A1) 290 kg/em®
Pler (P1) 380 kg/cm?
Deck S8lab 400 kgfcm2
16 ANTAYAM I Pier (P2) 450 kg/cn®
Deck Slab - 350-400 kgjcm® .
Pile . 480 kg/em?
208 ST0. CRISTO -~ Abutment (A2) - 380 kg/cm®-
Pier (P1) - 420 kglem®
Beam 380-450 kg/cm?
227  SAN CRISTOBAL  Abutment (AZ) 360 kg/cm?
Pier (P2) - 350 kgfcm®
Deck Siadb Azﬂ'kglcmz

Note: Al is abutment on Manila side
Pl is pier number from Al

b) Steel Strength Test Results

The hardness test was conducted on'thé‘fdlid#ing'ﬁﬁfee'(Sj'bfidgéé;
namely Labangan I, Bauang I and San CriStobal " The valueé obtaihéd
range from 130 HB to.160 HB (4800 5500 kglcm Y. These values are Judged
to be almost equivalent to the AASHTO M183 structural steel tensile_
requirements of 400-500 MPa (4080 5080 kg/cm } and Japan Industrlal
Standard G3101, 88541 (41.00- 5200 kglcm Y. The hardness test results of

the three bridges are summarized below:
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Br. Bridge Wame Location Hardness Steel
No. ] Test Strength
14 . LABANGAN I Steel I-Beam  130-140HB  4000-5000kg/cm®
77 . BAUANG I Top Chord 140-150HB  5000-5200kg/cm?
227 SAN CRISTOBAL Top Chord 140-160HB  5000-5500kg/cm?
B Lower Chord 130HB -ABOOkgIan
Cross Beam 160HB 5500kg [ cm?

Note: HB is the unit of Brinell Hardness

'¢)" Neutrélity Test Results

-The neutrality test gauges the degree of deterioration of

structural concrete, which may be caused by low concrete strength due to

.lack of quality control,

The concrete strength test conducted in this

study shows that the values obtained are higher than those required in

the specificaiions. - The neutrality test shows that the neutrality depth

is only'rio mm while the covering concrete of steel reinforcement is

30 mm. These results confirm that the concrete used is of high grade.

7-5



The results of neutrality test are summarized below: .

Distance,

Br, _ B Place of =~ Neurality =  Const.
No, DBridge Name Testing Depth Remarks Year DBridge
. : : s to Sea
14 LABANGAN I Abutment 10 m/m Reinforcing Steel 1910 0.5 km
: : ' is not exposed - - o
Deck_Sléb 10 m/m Reinforcing Steel
' " is not exposed
77 BAUANG 1 Abutment A, 10 m/m Reinforcing Steel 1911 . 1.5 km
is not exposed . B
Deck Slab 10 mfm Corroéion of
Reinforcing - ‘Steel’
is observed
16 ANTAYAM T Deck Slab °© O m/m Reinforcing Steel . 3,0 km
' is not exposed
Pier P, - 0 m/m Réinforcing-Stéel'
‘is not exposed
208 STO. CRISTO  Beam 15 m/m Reinforcing Steel - 1.0 km
is not exposed
Pier P, - 20 m/m Reinforcing Steel.
is not exposed
227 SAN CRISTOBAL Beam 10 m/m Reinforcing Steel 3.5 km
is not exposed
Pier P, 20 m/m Reinforcing Steel
' is not exposed
7.3 Topographic Survey

the 22 bridges selected for preliminary design,
of the

Topographic surveys were conducted on 5 typical bridge types among

selected bridges are as follows:
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ﬁabangan I Bridge in Calumpit, Bulacan,
Bauang I Bridge in Bauang, lLa. Union,
Antayam I Bridge in San Ildefonso, Bulacan,
Sto. Cristo Bridge in Sariaya, Quezon; and
San Cristobal Bridge in Calamba, Laguna .

The name and location



The survey comprised the following:

- Centerline survey

~ ‘Profile survey to - determine the elevation of every changeable
“inclination points on the proposed centerline.

4'--Appr§ach Cross-Section Survey carried out at 20 m intervals, 50 m

from the centerline of both sides of the approach road and 50 m aw
from both the first and seécond approaches.

- Based on the centerline, profile and cross-section surveys, a
.tdpograﬁhic map was prepared.

7.4 Geotechnical Survey

- Among " the 22 bridges picked out for preliminary design,

geotechnical surveys wére conducted at the following bridge locations.

- Indiasia Bridge in Aritao, Nueva Viscaya,

Finacanauan Bridge in Tuguegarao, Cagayan,

‘Bauang I Bridge in Bauang, La Union

Bued Bridge in Sison, Pangasinan, and

Labangan I Bridge in Calumpit, Bulacan
The results of geotechnical surveys are shown in APPENDIX 7.2.
A concise explanation of the survey results is given below.
(l)'-Iﬁdigﬁa Bridge (Region IT)

The location of the borehole viewed from Manila side of the bridge
is'néar the right side of the pler 2. The boring results show that the
bearing stratum starts at 12 m from the river bed and recovered soil
samples rénge from loose, light brown, scarse to fine sand to very
dense,”dark'bfbwn,-coa:se to fine silty sand with some gravel. Judging
from the above-mentioned results, penetration is recommended to be made

to. & depth of 15 .m. -
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{2) Pinacanauan Brildge (Region II)

The location of the borehole viewed from Manila side of the: bridge
_is near the left side of the pier l4.. The boring results. show that the
bearing stratum starts at 4 m from the river surfdace and recovered soil
samples range from loose, light brown, medium to fine~ silty ‘sand to very
dense, dark brown, gravelly sand from coarse to fine grained with little
silt. Judging from the above-mentioned results,-penetration depth of

pile foundation is recommended to.be 7 m.
{(3) Bauang I Bridge (Region I)

The location of the borehole is near the.left.Side of abutment
No.Y. The boring results show,that.the_bearing-stratum-starts;at_35 m
from the surface and recovered soil_samples'rangé_from loose dark browﬁ!
silty fine sand to very dense, dark gray silty sand and gravel, Based
on the above-mentioned results, penetration depth of pile foundation is

recommended to be 39 m.
(4#) Bued Bridge (Region I)

The borehole location viewed from Manila side of the bfidge is near
the left side of abutment No. 2.  The borihgrresults show . that ﬁhé
bearing stratum lies about one meter below the river bed. Spread
footing can be used as foundation but the soil condition of the river
side at the middle portion of the bridge is not so dense and according
to as-built drawings of the'existing bridge, steel H-pile was used‘ﬁsi'
foundation, From the aﬁove mentioned resulté. it is recommended that

steel H.piles be used with a penetration depth of 12 m.
(5) Labangan Bridge (Region ITI)

The borehole location is near -the left side of abutment No. 1, -The
boring results shows that the'bearing'stfatum starts at 35 m below the
surface and recovered soil samples rahge from medium stiff light-brown;
sandy silt with low plasticity to very dense Brownly to dark gray silty
sand with liﬁtle gravel, From the abdve mentioned results, peﬂetration

depth for pile foundation is recommended to be 39 m.
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7.5 TFull Scale Loading Test
7.5.1 Purpose

S Fﬁii—sdaleﬁloadiﬁé test is valuable for assessing the load-carrying
capacity and duration of existence of the old bridges. The loading test
'allbws' direct compagison- between theoretical calculation formula and
- those obéetved experimentally under the action of test loading. The
'éﬁélyéedlﬁgsuits throﬁgh the loading test might affect the study of the

rrehabilitatidn, maintenance and repair on old bridges.
7.5.2 Location of:ﬁo&ding Test

The loading test was conducted at the station 48+660 on the Pan-
Philippine Highwgy (Manila-Matnog), Calamba, Laguna, Luzon. It loading
‘was scheduled for the following bridge.

Bridge No./Name : No. 277, SAN CRISTOBAL
Bridge Type Steel Through Truss/RCDG
'Span Arrangement: 12.0 (RCDG) + 49.6 (Truss)
' + 12.0 (RCDG) = 73.6 m

7.5.3 Method of Loading Test

Gross welght of trucks measured at de31gnated offices shall be
placed at the points based on the loading points on ‘the bridge,
considering the results of theoretical calculations subject to the

phasing 6f_loading modes.

The deflection and strain of members of bridge structures are
éurveyéd observed and recorded under the actions of the phased loading
ques. The recorded results are analyzed and compared with theoretical

values. The flow chart of loading test is shown in Fig. 7.1 and in the

manual for loading test.
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Fig., 7.1 FLOW CHART DIAGRAM OF LOADING TEST
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(1) Preparation of Counter-Weight

Trucks ahall ‘be loaded with granular materials at the material pit
near Calamba, Laguna. The total gross weight of ‘each individual truck
shall.nOt'be more than 15 tons. The loading weight can be measured at
cﬁlamba.Weigh-Bridge Office of Region IV-A. The required equipment to
make the counter-weight are:

- 4 Dﬁmp,Trucks {15 tons)
‘~_l"Wheel-Loader
- 'sand Bag, if necessary
_Weigh Bridge

(2) .Scaffolding-

The scaffolding work is to be firmly and safely fabricated to

sustain the survey and measurement to be works carried out on it.
(3) Providing and Placing Strain Gauges

o The actions of providing and placxng strain gauges include
determlnation of the location of bonding strain gauge, cleaning thea
surface of structural members with sand-paper, bonding strain gaﬁge with
resin, plaéing strain gauge and lead wire with solder, protecting strain
géuge by coating material, and connecting the lead wire up to switch-

box.
{4) Application of Loading

The loading points and phasing of loading modes are determined in
consideration of the cases in the theoretical computation conducted in

advance. The exact points of application of loading will be marked by

uging the specified color paints.
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(5) Measurement of Strains

The strain of structural members shall- be measured . under the
gtructural behavior in various 1oading modes. - This shall bs observed
under .the phased loading modes through the indicator, and recorded on

the recording sheet prepared before testing.
{6) Measurement of Deflection

The deflection of structural members shall be nmasured by using:
levelllng scope under the structural behavior in various loading modes.
The scales for measuring deflection shall be bonded to the’ structural
members of the bridge, and measured from the point where the 1é§elling

scope is provided.
7.5.4 Results of Lbading Tesi.

The loading test on the San Cristobal bridge was carried 6ut in
July 1988 in accordance with the manual for ldaﬁingjﬁest; :The'résults
of loading test are expressed in contrast with those of theoretical
computation and allowable stress is computed according to NSCP and’ also

the Japanese Specification, for reference.

The following cases are considered for both theofEEicéi‘ébmputaﬁion
and actual loading test. } | A
Case - 1: Dead Load (DL) only

Case - 5: DL + 2 trucks (2 x 15 = 30 tons)
Case - 6: DL + 3 trucks (3 x 15 =45 tons)
Case - 7: DL + 4 trucks (4 x 15 = 60 tons)

The measured results of strain of major members are shown below and
the ratio of strains by loading test and theoretical.cumpuﬁgtion'i&.ngh
to 1.51. The strain by lcading test is greater than that by theoretical

computation,
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Allowable Axle Force Stress Deflection
Members  Stresg (ton) (kg/cm?) (mm)
. (kg /cm™) Computed L.Test Computed L,Test Computed L.Test

u-2 1087 -145 ~143 808 797 - -
D-3 1395 16 19 260 304 - -
L-3 1395 136 123 844 766 11.6 11.0

Note: U - Upper Chord
‘D - Diagonal Chord
L - Lower Chord
As seen from the above results, stress is not so much different

between theoretical computation and loading test within an elastic
‘range. Deflection is also smaller than its allowable value of 8.3 cm
(1/600). It is roughly expected that the San Cristobal bridge has more
sufplus 6f_ displacement incurred by the vehicular loading which is

greater than the case of loading test.
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CHAPTER &  RIVER HYDROLOGICAL SURVEY

8.1 General

3 This ch&ptér présents the results of river hydrological study for
'the bridges which are subject to feasibility study in this project. 19
.bridges;'out‘of the 52 bridges which were judged to require urgent
;ahabilitatioh. were . selected for the IStudy based on the following
'findings_dgring visual inspection.

- Damage by attacking river flow to bridge abutment portion because
~ of undesirable river alignment S
= Inadequate river widthlbr;dge 1ength judged from the design floogd
. runoff
e.Bank erosion
- Damage by slope erosion in the bridge abutment portion
- Degradation of bed
= Influence to brldge pier by local scouring

- Aggfadation by sedimentation (Reduction of river flow capacity)

o -'The resﬁlt of visuzl inspection are shown in Tables 8.1 and 8.2,
The other 33 brldges (52 - 19 bridges) were not selected for this study
'because these bridges were Judged not to be affected seriously by the

'7'pr0b1ems mentioned above. Detalled field investigation of river

-hydrographical damages was carried out by river engineers at the
' 9219ctéd'19_bfidge_sites. The river hydrographical damages were studied
on the basis of'hydrologiéal study described in the subsequent section.
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8.2 Methodology of Hydrological Study

‘The hydrological study was made on the basis :of' énelyeis; of
collected data (Refer to APPENDIX 8.1 and APPENDIX 8. 2) and in
aceordance with the general ‘procedure shown in the flow chart below. As
observed in thls procedure, the study was performEG through five :
.substantlal worke: 1) constructlon.of river systmn model 2) rainfall
analysis, 3) flood runoff analysis, 4) rlverbed change study, gnd

S)Idesign flood water level study.

. Construction of river systen1 model and ralnfall analys;s are a
preparation works to study the flood runoff. riverbed change and design;”
flood water level. In the flood runoff study, probable flood runoff
(design discharge) is estimated to. determine the required brldge length
or minimum bridge span or to consider the bank - protection and slope
protection, In the riverbed change study, the scouring depth,.and _
riverbed fluctuation are examined for fiverbed 7protection or’ 1neel :
seouring. In the flood water level study,: the _bfidge' ciea:ance' is
examined based on the estimated design flood water level considering of .

sedimentation.
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FLOW CHART DIAGRAM OF THE HYDROLOGICAL STUDRY

8.2.1_ River Systeﬁ Model

_ Thé river system model is a necessary tool for flood runoff
ca_lcu'lé't'ion with the aid of an electronic computer. The model comprises’
éil,-tﬁe‘ él.ements of floed runoff mechanism such as river basins and

channels.



These elements &are linked together by the base points. which are
the principal points for estimating the flood runoff and for detemmining
the flood distribution ‘along the river. The base points are: located
principally at the'follbwing points: ' :

- Main river at junctlon of major tributary

- Bridge sites
8.2.2 Method of rainfall analysis

The rainfall analysis aims  to estimate the “basin mean iprobable
rainfall and its hourly distribution. The results of rainfall analysis
(Refer to APPENDIX 8.3) are used for computatlon of the. probable flood

runoff.

The basin uman;probable rainfall is estimated-directly from the
recorded prbbabie_rainfali data by adjustment of_isohyetal map. The
hourly rainfall distribution is assumed to have a center;cénéentratéd
pattern which is comﬁonly'épplied to estimate the deéigﬁ-flood runoff -‘This
pattern is derived from the rainfall 1ntensity—duration curve using the
actual hourly rainfall data of selected stations. . To obtain this
pattern, the hour\ly rainfall increments from the iﬁtensuy. curve are
distributed in such a way that the maximum hourly_;ainfgll'inhrement is
put at the center of total rainfall durationﬂaﬁd the suééeediﬁg hourly
rainfall increments are'alternﬁtelj distributed before and after the
central increment: ~ this is done 80 that intensity of continuoué
rainfall around the céntéf'could be in accordance with the;rainfall

intensity-duration curve of the station.
8.2.3 Method of flood runoff analysis

Judging from the availability of flood runoff records, the £lood
runoff analysis is made by applying rainfﬁli ‘data to flood runoff
simulation mode. The storage function model ‘is applied ag the
simulation model, whlch is commonly used and Judged to be suxtable due
to data avallabllity The eotimation results are evaluated by comparlng
with the recorded data to determlne the final figures of the probablé
flood runoff. B
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 The basin factors are prepared using 1/50,000 topographic maps.
They ‘are catchment area of basin/subbasin (km2), river length in
basinlsubbgsin (km), and. overall slope of the longest water course from
the peint of intereét to watershed divide.

~ The basic equation of storage function method is described below.
- qi = d§ ldt .

A1 = K- qiP
.oa = q-(t4Ty)
q = 0.2778 (f-q + (1-£)-qga) A + Qp

Where,

¥+ Basin average hourly rainfall (mm/hr)
41 :. Runoff depth from s basin (mm/hr)
S; : Storage (mm)
q + Runoff depth from & basin with lag time, T (mm/hr)
9gp ¢ Runoff depth from a basin after saturation of rainfall,
Rgg (mm/hr)
Q :  Runoff (m3/s)

£ ‘Runoff coefficient
(r SRgq £ = £4, > Rgyq £ = 1.0)
A : Catchment area {km?%)

Qg : Baseflow (m3/S)
K,P + Coefficient
t s+ Time (hr)

The coefficient of storage function and lag time are estimated by
the formulas below., Expressed by the river length and the river bed
slope, they are calibrated through simulation of the flood records from

the rainfall,

K = 118.84%1-0.3
P = 0.175%1-0.235
T = 0.047*%L - 0.56



Where,. i - :  Riverbed slope
t. River length (km). - .
i +  Lag time (hrs) . ;
X, P Coefficient.for a function.

Primary runoff coefficieht,and the saturated: rainfall are assumed
to be 0.5 and 150.0 mm, respectively. = The baseflow is estimated by the

following formula (commonly used in.Japan):
Baseflow = Catchment afea x 0}04.;ﬁéjélkm2)
8.2.4 Method of Riverﬁed Change-sﬁgdy
~ The channel section recorded on the discharge measuﬁément notes is
utilized. The flubt@gted.riverbed elevation is-obsé:yed.anq the change

of the Bued riverbed in the future shall be-.examined.

The local scouring study is. conducted by the following empirical

formulas.
-~ Laursen formulsa

D 5.5 288 ((1)13.5 £88

o 1.7
ho ho no + 1) 1

- Breusere formula

Zse
D 1.4

- Neil formuls



Where,' R
- D = Width/diameter of pier (m)
“ho "= Average depth (m)
Zse = Scouring depth from riverbed around pier

'8.2.5 Method of Design Flood Water Level Study

The design flood water levels are estimated based on the probable
flood runoff and the riverbed change study,

‘The levels are converted from the probable flood runoff by Non-

Uniform or Uniform flow calculations as described below.

Non-Uniform Flow Calculation

The Ida method developed for the non-uniform flow calculation of

" the compound channel section is applied.

' - Dp Qg Dy Q1
- 22 22 2, juc S & R
He = (Hy + 55 (3,00 - G+ 50 (5D
_ 1}2 Ny2_Qp2 Np2_Qy2 ) 4%
C= 4l SNYE
A -Ry As -Ro

VA : Catchment area (km?%)

Hy Water depth at point 1
Hy : Water depth at point 2
D 'Energy correction factor

He : Loss of energy head (m)

' Composite channel roughness (sec, m)
Composite channel hydraulic radius (m)
Distance between the sections (m)

Acceleration of gravity g = 9.8 m/s

-

Design flood runoff (m3lsec)

o om s owm =
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The subscripts 1 and 2 denote the values at lower and . upper

gsections under consideration, respectively.

According to the Ida method; the,enérgyrcorrectipn factor,
composite channel roughness. and composite h?d:aulic ~radius of the
compound section are the function of the depth, roughness, and the width

of each river sub-section as shown below.

bi | bz ,

hy I

HF] h“

Nz
Ny

a (Az\fﬁ (h2/n3) db) / qf3<h5/3/n> db)3 -

D =
N = (Jﬁ h3/3 apy / (jﬁ (h3/3/n) ab)
R = (—i—ﬁ ho/3 db)3/2

Where,

B t Surface width (m)
b,h,n: Width {(m), depth (m), and rdughnesé'(sec;'m) of each
vertical strip, respectively. '

a : Velocity distribution coefficient



Uniform Flow Calculation

‘Manning's uniform flow formula is applied.

V =~k r2/371/2
= R

Where,
¥V : 'Mean velocity (mfsec)
‘n’ ¢+ Coefficient of roughness (sec, m)
R : Hydraulie radius (m)
I : Channel slope

" The coéfficient of roughriess (n) .used in the non-uniform and

uniform flow calculations is assumed to be 0.04 in this study.
8.3 Results of Hydrological Study

'The hydrological study consisting of flood runoff analysis,
riverbed changé study and design flood water level study, was carried
out to examine the following results which could reveal the causes of

river hydrographical problems.

i) Probable flood rumnoff

2) Scouring depth

3) Design high water level

" 4) Sedimentation {Riverbed fluctuation)
5) Recommended design bridge‘iength

6) 7Requigéd‘minimum bridge spsn length
313[1 _Prébable-Eléod Runoff
(1)'.Flood Ruanf_quel
The.storﬁge:fun;tion was applied as the flood runoff model in this

étudy’(Refer'to APPENDIX 8.4). The coefficient of storage function and

lég time for subbasins were estimated by the formulas, which is well



known as Tone River Formulas and applied for many rivers in Japan.:

The estimated coefficients of ,storage,;function“rk,\ B¥;ahq'”T are
listed in APPENDIX 8.4,  The primary runoff . coefficient (fy) and
saturated rainfall (Rsa) were. assumed to'.be_ 0.5 :and-:150 mm. and the

specific baseflow was adopted to be 0.04 m3/sec/km? in this study.
2} Probhable Flood Runoff

The probable flood runoff was. estimated . at each bridge site
presented in Table 8.3. Some 6f thege. figures . were compared and
evaluated to the probable flood runoff estimated from. the recorded flood

runcff as below.

From Rainfall " From. Records ' .r’katib

River Name Probable Specific. . Probable Specific. - . /1
{Bridge) Flood Flood/1l Flood Flood/2 o

(m3/s) (m3/s/kmZ) (m3/s) (m3/s{kmZ) 12

Sta. Maria 201 10.2 3,050 24 0.4

Bued _ - 1.014 9f3 1,506 _ _7f2 . - 1.3
Buaya - 1,539 8.7 1,130 . 6.5 1.3
(Sta. Cruz) o | S N

Cawvayan 82 5.8 446 _. 5.5_ _ 1.1

The probable flood runoff estimated from ralnfall is usually
considered to be obtained as the under- estlmated value of 10 to 30% to
the actual runoff because of the dlfflculty in monitoring the flood
runoff peak. Therefore, the above ratios were Judged to be reasonable
except for the Sta. Maria riverlbridge case. However, the specific
flood from rainfall at Sta. Maria was ]udged to be rellable referring
from the result of the Buaya river (nearest river from Sta. Mafia
river). The flood hydrograph at the brldge sltes and the specific flood
runoff curves are presented in APPENDIX 8.4.

§.12



Table 8.3  PROBABLE FLOOD RUNOFF AT THE BRIDGE SITES

(Unit: m3/s)

Catchment Return Period (Yr)
No. _ Br. Name Area Remarks
. S _ (kn?) 1125 {50
! Labangan I 048 1,850 - 12
) Tagamusing -148 830 1,100
' (5,6) {(7.4)
3 Bued 161 1,500 1,920
T (9.3) (11.9)
4 Bavang I " 5330 * 1,990 % 2,435
#% 3,880 *% 4,870
: . (7.3) {9.2)
5 “Sta. Cruz I 222 1,930 . 2,620
o _ (8.7 (11.8)
. 6 Sta. Meris 299 3,050 4,060
o : (10.2) (13.6)
7 Indiana 318 680 830
N _ (3.1) {2:6)
.8 - Batu 2,020 4,310 5,250
9 Naguilisn 6,610 10,700 11
10 Malalan 3,100 6,700 13
11, Balasig 185 2,050 2,510
Guinobatan 76 440 . 580
{11.1) (13.6)
12 Pinacanauan 657 3,000 - - ES
13 Pared 935 8,270 10,210
(88) (10.9)
14 Guinobatan 76 440 580
' S {5.8) (7.6)
15 " Basiad 26 120 140
(4.5) (5.4)
16 Palsabangon 9 50 70
. (2.6) (3.7)
17 Jiabong 67 420 560
: (6.3) (8.4)
18 Hinogbongan 20 110 140
. {(5.5) (7.0)
19 Jubasan I 13 60 70
(6.6) (5.4)

Note§ . Values in parentheses mean specific flood runoff (m3/s/km?)
Value marked by * is flood runoff at Bauang I Site.

Value marked by ** is flood runoff of Bauang I+II sites.

{1 obtained from Cagayan Master Plan Project Study in 1985, JICA.
12 Pampanga Delta Development Study in 1988, DPWH.

.
.
.
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8.3.2 Riverbed Fluctuation and'Scouring.
(1) Rivers subject to riverbed change study

. The riverbed‘changeIStudy'ﬁae c6ndueteq-to'eharacteriZe the
riverbed fluctuation and local scouring eround the  bridge :pier. The
study results were used as basic data for prelimineif:déeign of river

facilities around the bridge site.

The riverbed fluctuation study covered the Bued river because of if
has the problem of apparant aggradation of bed;. In the upstream portion
of the Bued river there are. many siope slidings'and'miues; thus the
extreme amount of sedimentation comes from upstream to the Bued site.
The local scouring study covered the follow;ng rlvers because their flow
velocity is generally hlgh due to the steeper rlver. "slope andlor by

judgement from field investlgatlon.

The remaining. 5 bridges (Balasig, Gulnobatan, Jlabang, Hinoghongan

and Jubasan 1) out of 19 brldges were not taken up in this study

No. Bridge/River Name River Slope -

1 Labangan/Labangan. 1/4,000

2 Tagamusing /Tagamusing 1/60

3 Bued /Bued 1/80

4 Bauang!Bauang 1/40

5 Sta. Cruz/Buaya 1/100

6 Sta. Maria/Sta. Maria 1/100

7 Indisna/Sta. Fe 1/100

8  Batu/Magat 1/100

9 NaguilianlCageyan '1f2 QGOJ"
10 Malalam/Ilagan 1/2,500
11 Pinacanauan]/Tugnegarao 1]70
12 Pared/Pared. ' . 1I140 RO
13 Bas;a613331ad _' S /40
14 Palsabangonl?alsabangan 1]200

8-14



(2) Riverbed Fluctuation

The study aims to grasp the trend of the riverbed fluctuation in
the Bued river with lapse of time. In order to determine the figures,
the channel section recorded in the discharge measurement notes was
utilized and the riverbed elevation at the gaﬁging station was étudied
Comparative studies of the river cross sections in 1972 and 1988 were
also performed as shown in APPENDIX 8.5.

The annual rising of the Bued riverbed was estimated to be
0.02’mlyr; .The'tendency of : riverbed rising seems to be still kept in
recent years. ~The Bued riverbed rising in the foregoing 50 years was

assumed to be 1. 0 m in total.
(3) Local Scouring

.Local scburing study was conducted on the riverbed saround the
bridge pier. The Lauréen, Breusere and Neil formulas were applied to
‘estimate the scouring depth around the pier and the computéd fesults
derived from formulas were compared with the scouring depth measured by
the survey. In the following table, . the meximum scoring depth around
pler was estimated by the Lauren formula to be 5.1 m at Naguilian and
the minimum - 1.1 m at Basiad and Palsabangon bridge sites by Lauren
formula. The results obtain from calculation by formula cbincide well

with the survey results.
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SCOURING DEPTH

' '-Scoufing Depth:Zse (m)

(m) {m) ‘Lautrsen  Breusere . Neil = - Max.Survey
Labangan 2.0 2.6 2.5 2.8 3.2 2.8
Tegamusing 1.5 2.8 2.2 21 2.7 2.3
Bauang I 2.0 3.1 2.7 2.8 3.4 3.0
Sta. Cruz 1 1.5 1.8 L.8 2.1 2.4 2.1
Sta. Maria 1.5 4.0 . 2.7 2.1 3.0 2.6
Ihdidna . 2.0 5.6 75{5‘ | 2.8 7_;;5é5;, .‘- JSHD
Batu 2.0 3.3 2.8 2.8 3.5 3.0
Naguilian 2.0 10.6 5.1 2.8 4.9 :;4.3 
Malalam 2.0 8.0 4.4 2.8 45 3.9
Pinacanauan 2.0 2.9 - 2.6 . 2.8 - 3.4 | 2.9 .
Pared 2.0 8.8 4.6 2.8 4.7 3.6
Basiad 2.0 0.5 1.1 2.8 2.0 2.0
Palsabangon 2.0 0.5 1.1 2.8 2.0 2.0

Wote: D : Width/diameter of pier

ho : Average depth (m)

Zse : Scouring depth from riverbed around pier'“

/1 : Laursen formula ' . ' s

D/ho = 5.5 Zse/ho ({1/11.5 2sé/ho'+1jl-7'_‘1)

/2 : Breusere formula SRS
ZgselD = 1.4
Neil formula

2se/D = 1.5 (ho/D)0-3

™



8.3.3 Design Flood Water Level
(1) Design Scale

qA_river_shall.be7generally planned to function in such a manner
that the”design flood rimoff can be safely flowed down to protect the
'asseté-in-thg downstream area. This plan therefore shall be formulated
'With_an appropriate design scale which is evaluated by the return period

corresponding to the degree of required safety in the plan.

" 'The return periods of 1 to 25 years, 50 years and 100 years are
usually adopted for the design scale of various rivers in Japan

referrihg "to the factors below:

'é}- Stutistical evaluation of recorded maximum flood
b) Size of basin/catchment area
) Population in the town located downstream

d) Economic impact to downstream area

In this study, the design scale of the object rivers was basically
'éet'up with the return period of 1 to 50 years for big rivers and 25
years for 'small rivers. The return period of 1 to 50 years was adopted
for Batu, Naguilian and Malalam bridge basins taking into consideration
 the size of the basin (C.A. more than 2,000 km?), population in the town
 1obated dovnstream, and the economic impact to downstream area, while
the returh'period applied for other rivers was 1 to 25 years. Through
statistical evaluationof the flood data,the recorded maximum flood was

evaluated as that with less probability than 1 to 25 years flood as

présenﬁed below:
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Bridge Name 1/25 Probable Recorded Flood Difference
Flood Water Level Water Level . . -
{m) e S(m) )
‘Tagamusing ' 27.10 ' 26,50, . -~ 060
Sta. Cruz 8,70 - 7 1B.60 ¢ 70010
Maldalam = 37.80 . 33,00 ... .4.8O.
Pinacanauan 24.50 20.00 e 4,50
Guinobatan- : (4.60): : - 3,007 - F oL, e0
Palsabangon . (2.00) S . 2,00 . S 0.00
Jiabong (5.10) 5.00 0.10

- The river plan with the_retufn period of 1.to 25 years is usually
adopted és.the long term plan in the Philippines taking in;o;account‘the
factors a), b), ¢) and d) mentioned above. .  In terms of. éqst
effectiveness of the plan, 1 to 20 - 25 years return.period is also
taken up for the plan. The désign scale was therefore judged'to_be an
appropriate value with the return period of.l to 50 years for big rivers

and 1 to 25 years for small rivers.
(2} Design Flood Water Level

The design flqod wgter_le#els at the bridge sites were analyzed
‘based on the probable fiéod_runoff and the riverbed change study. The
annual increasing rate of the riverbed in the Bued'fiver was assumed to
be 0.02 m/year. The levels were converted from probable flood runoff by
the Non-uniform or Uniform flow calculation methods,;_The:initial,sea
water levels to be wused in  the Nonfuniform flow .calculations are
summarized in APPEND;X 8.1. Table 8.4 shows the estimated design flood

water levels at the objedt bridge sites.
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8.3.4 Recommended Design Bridge Length

The river width is generally determined on the scale of design
discharge, river channel profile, topography and geolcgy. In this
study, the river width is examined by the flgure below, in whlch the
river width is currently designed andlor cnnetructed showing

reletlonship between river width and design: discharge

The bridges/rivers whlch have inadequate length were Stﬁdied and
the study. results are summarized 1in Table 8.5, ‘I‘he river width was
estimated to be more than twice the present ‘river width for Labangan and
Tagamusing . The br:.dge length shall be extended ap to 260 m' for
Labargan which was planned by the Pampanga Delta Project Team in 1988.
However, the 1ength of - Tagamusing bridge was judged not ‘to require.f
extension because the river width both upstream - and: ‘downstresn are
s.lmost same as that at the bridge site. The length of Sta. Cruz and
Sta. Maria bridges was planned to: be extended by ‘about 35 m and 45 m,.
respectively because the indesirable river. alignment due to damage'_’

caused by river flow to bridge abutment portion.

1 7 T
ool _[RELATIONSI NP BETWEEN DESiGN RIVER WIDTH AND DISCHARGE] -, /
f200) : /
oo l—4 LEOEND ! : . Daglgn cury / ,
0 SLOPE = 172000 : - / -
lood |} * SLOPE 11000-1/2000 | :
DATA ‘ACTUAL DESION VALUES
s00b—1] OF RIVERS I JAPAN |
i w00 - /
= .
g o 1h
H : ' AW
| 800 : 1=
: | /
o0 :
E 3 |
3| 4o0p-
9 i
%00 1
Relarerncs range *
200 of rivat n[ﬂh i — >
f o) r clgn B \ BERD
100 : -
3 48 7 o 2 5 4 8 7 o0 2 3 45 T 1000

Daelgn dischorge {m3/se0) -~
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Table 8.5 RECOMMENDED DESIGN BRIDGE LENGTH

. ; o e Recormended
) o _ Design Estimated Present design
Berge; River - Area discharge River Bridge River Bridge Remarks
: . Hidth Le_angth Hidth Length
(k) (m3/5) (m) {m) (m)
"Labangan 1 Labangan 948 1,850  170-220 100.0 260.0 Planned by Pampanga Delta
_ Project Team

Tagamfgg' “Tagamusing 148 830 80-90  40.0 50(40+10)* '

Bued Bued 161 - 1,500 120-150  500.4 500, 5%* Difficult to make it
shorier because of river
alignment and sediment

) probiom
Bauang Bauang 530 3,820 280-360 221.4 235.0
Sta, Cruz Buaya 222 1,930 170-200 - 260.6 295.6 35m extension of side
‘ : span approach because
of undesirable river
. i alignment
Sta. Maria Sta. Marta 299 3,050  220-300 298.2 343.2 45 extension of side
SRl : : : span approach because
of undesirable river
. alignment

Indiana Sta. Fe 319 650 8000  98.9 110.0

Batu Hagat’ 2,020 5,250  300-450 350.0  350.0

Naguilian VCagaya ‘6.610 10,760 1,000 675.0  675.0

Malalam  ‘Ilagan 3,100 6,700 650  475.4  475.4

Balasig Balasig 185 2,050 170-120  75.0 75.0

Pinacanauan - Tuguegarao 657 3,000 - 210-309 383.4 383.4

Paired . Pared - 935 . 8,270 220 193.1 1831

Guinobatan  San Francisco 76 440 60 55.6 §5.6

Basiad - Basiad 26 120 30 58.5 58.5

Pa]sabangon_ Palsabangon g 50 20 57.0 57,0

Jabong  Jiabong 67 420 60 748 74.8

Hinogiongan Hinogbongan 20 110 20 21.8 21.8

Jubasan I Jubasan 12 60 20 74.0 74.0

Hote: .* 10 m extension of side span approach is planned.

*% If bridge length is planned to be made shorter, many problem
will occur such as damage of abutment by sediment flow, thus
bridge length is designed taking into consideration of the

present river width.
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8.3.5 Regquired Minimum Bridge Span Length-- v

The required minimum bridge sp&n' 1éngth '&éﬁ 'estimﬁied"by the
following equation which has been established ‘a8 ‘a design standard" by

the Ministry of Constructlon of Japan.,
L, . 20 + 0.005 Q

Where, Lt Required minimiim - bridge span. 1ength
L Q: Design flood runoff '

Thélbfi&gé'span is generally deteimined by the above equation with
an exception of the case in *which nothing will be affected by an
exceptlonal brldge span length from the viewp01nt of flood control in

the object river.

The span length for the Buéd and Béﬁang I'bridgéé'was plahned to be'
25.0 m from the viewpoint mantloned above as well as for economlc reason
as shown in Table 8.6. iny one side span exten91nn for the Sta. Cruz
and Sta. Maria ﬁiidges ‘was planned because of the undesirable river
alignment, which was also judged as an exceptional case in this study.
This length was de31gned for both bridges based on the topographic and

river alignment conditions.
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Table 8.6 REQUIRED MINIMUM BRIDGE SPAN LENGTH |

Jubasan I

_ ' ‘Required
T e Existing Design  Minimum .
No. Br. Name (Planning) Flood Bridge Remarks
S - Span ‘Length Runoff  Span -
R _ Lengthl/2
{m): (m3/8) {(m)
1. Labangan I 50.0 (32.5) 1,850 298.3 - Reconstruction
2. Tagamusing 10.0 (20.0) 830 24.2
3. Bued 32.5 (25.00/1 1,500 27.5 - Reconstruction
4. Bauang I 25.0 (25.0)% 1,990 30.0 - Reconstruction
5. Sta. Cruz 11.7 (17.5) 1,930 29.7 - Sidespan extension
6. Sta. Maria  49.7 (22.5) 3,050 35.3 - Sidespan extention
7.. Indiana 25.0 (25.0) 680  23.4
8. Batu - 50.0 * 5,250 41.6
9. Naguilian 75.0 *12,500 '82.5
10. Malalam 74,0 * 7,600 58.0
11. Balasig 75.0 2,050  30.3
12. Pinacanuan  60.0 3,000  35.0
13. Pared 49.2 8,270 61.4
14, Guinobatan = 27.9 440 22.2
15. Basiad 58.5 120 20.6
'16. Palsabangon 15.0 50 20.3
'17. Jiabong 6.8 (25.0) 420 22.1 - Reconstruction
18, Hinogbongan 2i.8 110 20.6
19. 74.0 (37.0) 60 20.3 - Reconstruction

Note: [1 Plahning span length for Bued and Bauang I bridges for

reconstruction is determined from the economical view point

-.although they have some length shortage in comparison with

required minimum bridge span length estimated by the

flood runoff.
]2 Required minimum bridge span length is estimated by the

following formula

in Japan

where, L

I. = 20

+ 0.005 Q
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8.3.6 Recommendation of River Training

According to the results of hydrologicai,Studyt’tha'fqllpﬂing”river
trainings were recommén&ed for préliminaryfdésigq{ The .design value
.which ﬁas.derivad from'hydrologidal-ahd tﬁéixi&ésttudies ié" presédﬁéd
in Tables 8.4 and é.S. Based-on.thése étudy _;esults; the following

planning conditions were taken up for bridgé"design.
1) Bridge elevation to be raised

- Labangan I Bridge 2,50 m

+
- Bued Bridge + 2,14
2) Bridge Length to be extended
- Labangan I Bridge + 160 m
- Sta. Cruz Bridge + 35 m
- Sta. Maria Bridge + 45 m

The protection works for presenting.lecal'.scouring 'aro@nd ‘the

bridge pier were planned as follows.
- protection method Gabion (20 m x 30 m)
The dimension of gabion (20 m x 30 m) was determinéd based on the

study results in the section 8.3.2. The maximum scouring depth of S.ﬁ m

was taken up for the ‘sites in consideration of the safety fuctor.
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... CHAPTER: © CLASSIFICATION OF REHABILITATION BRIDGES

9.1 General

The classification of the 22 bridges to be rehabilitated was made
taking into consideration the bridge width, permissible loading capacity
and'ekténtxof:deterioration and damages. The classification is
certainly applicable to the remaining - 30 bridges which require urgent
rehabilitgtidn through study of the likeness of bridge types.
Judgement on reconstruction, replacement of superstructure and'repair of
bridge is needed to be made through the criteria established under the
conditioﬂs mentioned below. Following the assortment of reconstruction,
repiacementjof superstructure and repaixr by cfiteria, further study was
carried out: to select the most suitable method to be applied to the
existing bridges. :

‘FLOW CHART OF CLASSIFICATION OF REHABILITATION BRIDGES

22 Bridges
for Prelimni-
nary Design

© joote by Phose - 18 I[ShY ' ' ltems of Criterla

T of Judgemuni
= Rasvii ot Visua)
Ingpuciton - drldgr Width
= Dlagnosylic — Permlsatbla L goding]
Records Capaclty

= Exteni of Daterlora
flon qnd Domages

- Rivar Study
Resonhbriyction RAeptocament ) Hapair
= Wew Bridga will be - Replacamenl ~ Raplacement of Deck Slab
comyliuging % porotial of Supeniruciors
with Ihe Exlsilng Bridoe P - l?;ﬁacmru of Sub-atruc-

- Roplacement of Fler
foundallen

- Siops Prolectlen/River
Bonk

- fiver Bud Protselien

Rahabililation  Method

« Qthars

Summary List of Selattad
Rehobilltatlon  Mathods




9,2 Criteria for Judgment on Recdnstructioh;'ReplécementVof“SﬁperétrucQ

ture and Repair

The.following were considered in judgihg_the feébnstfudtidn,f
replacement of superstructure and repair needed for the existing

bridges.

- Bridge Width 3
. - Permissible Loading Capacity-
- Extent. of Deterioration and Damages

9.2.1 Bridge Width

The bridge width consideréd'in-this-feasibiiity-study'is-ciassified'
into three kinds based on AADT in the year 2,000, that:is applicable
width for reconstruction, desirable width for repair.and'hini@um
required width as 1listed below and shown in Table 9.1. 'Tﬁe'fBQuitéd
minimun width is to be adopted on the criteria for the sald judgement

considering that the actual existing width #a:ies from 6.1 to 7.32 m.

In case the existing roadway width is less than the required
minimum width previously studied, thé_fbllowiﬁg rehabilitation-methods

will be considered according to the types of the existing bridges.

Replacement of

Exist. Bridge Type : RéconstruCtion*__ superstructure Widening

Through Truss 0 - Q¥

Pony Truss - 0 - : - -

SIB ) - o 0

RCDG o - .0 0

Conc. Slab oL - 0 -
Note: -

* : sidewalk widening
0 : to be considered .
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9.,2.2 Permissible Loading Capacity

The procedure to rate the permissible loading capacity can be
referred to in the following flow diagram. :

FLOW CHART DIAGRAM FOR JUDGEMENT ON R'EGOINSTRUGTIION REPMCEMENT
OF SUPERSTRUCTURE OR REPAIR IN ACGORDANCE WITH COMPUTATION -OR
PERMISSIBLE LOADING CAPACITY .

22 Bridges for Preliminary Desigq

Selection of Representative Bridges
with Permissible Loading Capacity

Structural Sources by
Documents/Drawings

Computation of Premissible Load
Capacity '

” Judgement
by Computation
of Permissible
Loading Ca~
pacity

Recommendationqu o ReCOmmendatibnfof.Repaif
Reconstruction/Replacement .
of Superstructure

Gty



To Judge whether reconstruction, replacement of superstructure or
repalr of bridge is needed, the permissible loading capacity is analyzed
as a prerequisite. For this analysis, the M 13.5 (135 KN) loading is
considered as the critical loading to examine the required minimum
duration. of the existing bridges. The examining procedure can be
referred -to in the flow chart for judgement on reconstruction,
replacement of superstructure or repair through computation of
permissible loading capacity. The judgement will be made in sccordance
with the folldwing ctiteria. |

The foilbwing:formula 1s to ‘be adopted to rate mainly the
permissible loading capacity of steel I-beams, pony truss and steel
through truss bridges. The M 13.5 vehicle welght is considered as the
required minimal loading of the existing steel type bridges.

P < 135 KN: Reconstruction or Replacement of Superstructure
_ of Bridge
P > 135 KN: Repair of Bridge

Where:
P = basic permissible loading capacity
Fa - Fd
P = 135 x
FL + i

P = basic permissible loading capacity

FL + i = stress due to M 13.5 (135 KN} loading
including impact
Fa = allowable stress of the materials
Fd = stress due to dead load

:To rate the existing bridge structures the capacity shall be
computed by deducting the stress due to dead load from the allowable
Stress.of.the materials. The difference after deduction (Fa-Fd) is the

permissible live load capacity of the bridge structure.
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This live load capacity which is divided by the required minimum
live load of M 13.5 is- the rating factor.  To ‘arrive at. the  baaic
permissible loading capacity (vehicle welght), . ‘the . 135 KN vehicle
weight shall be multiplied by the rating factor. : - L e '

In addition, the operational live load capacity-beingrppﬁlied"is_
determined by multiplying the following modulus to the basic permissible

capacity.

Modulus:  Ks: subject to stress
Kr: subject to bridge surface condition
Kt subject to traffic volume

Ko: 'subject to others .

MODULUS CORRESPONDING TOHBRIDGE TYPES (Ks)

Bridge Type Members Ks
Main Beam 1.2
SIB Deck Slab 1.0
Upper{Lower Chord 1.2
Vertical /Diagonal Chord - 1.0
TRUSS /[ PONY Floor System 1.6
Deck Slab 1.0
RCDG Beam -1.2
Deck Slab - N 1.0
R.C. SLAB Slab 1.0

FACTOR BY PAVEMENT CONDITION (Kr)

Rating of Damage . Kr
A | 0.8 .




~ - Allowable stress (Loading Capacity) based on Manual for-
Maintenance Inspection of Bridges, AASHTO, 1983

H)STRUCTURAL “STEEL

{Unl1; Mpa)
Steucturel  Garbon Stes) AASHTO M 48B3
* Mintmum  Ylei¢ Strangth Fy» 248
Axiol Tenelle St_rqnmh fn msmbors 0.58 Fy=136
4
¥ Supported  taterally Ite -
. :
Eé. Fuil tength by embed~- P55 Fy=136
2 mant In cohciate
'E - R . - - 2
aw Partlally eupportad or (+} Fy
0.55% - ———em
SE | unsupportes i R
“Ew | - LY ]
g3 [wks /20 i 1-"-——1-—(K Al
_;g. ] Fy 2,92 |, 4M*E kLAY
B -11?.073—0.004(7—
BTE o 21‘1'12 H%E V
EE3 | Kh> 2 Ly
g88) 22 (X
Sheer In glydar mbs,grou saction 0.33 Fy = g2

_ {2)REINFORCEMENT & CONCRETE

tUnit: MPa) Minimum

- Tangile | Comprassive] Shear Yiald
-Sfrangth | Strength Stress Strangth
. Relnforcemant Grode 40 138 - - 275.9
Concro-t.e Class A . B
- - 0.4 e =83 [005c = {0 -
{3,000 psl » 20.68Mpa } .

9.2.3 Extent of Deterioration and Damage

:The extent ‘of deterioration and damages will be the basic criterion
The- evaluation

Thus ths

~for :selecting- the rehabilitation strategy.. rating
déécribed earlier will provide the basis of the assessment.
clﬁssifiéation of A (Urgent Replacement) or B (Needing Repair) wiil

determine the strategy of reconstruction, replacement of superstructure

or repair.,
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9,3 Judgement on Reconstruction,-Replacement of -Superstructure and

Repair

. To make the final judgemént on whether reconstruction, .replacement
of superstructure or repair is’ needed for the 22~ bridges, an asgessment
was carried out ihrough the criteria established individually,- i.e.
required minimum bridge width, basic permissible loading ~capacity and
extent of deterioration and damages;: Furthermore.'an'overall assessment
was carrled out as shown in Table 9.2, taking into consideration the.

results of individual judgement based on the following conditions-

- The actual bridge width dces not meet theAwidth usually required

by traffic volume.

- Surplus live 1oad‘cna1ized with perﬁiscibie'ioading capacity is-
not enough due to large spacing Boﬁwoén- stringers for SIB

bridges, and over stress on lower chord for Truss bridges.
- Structural members are severely-detefiornted and damnged.

- Raising up and length extension of-'thc exiécing"bridges in
accordance w;th the results of river study, désign flood water

level and river width are requlred.

The same procedures of as mentloned above Judgement were applied

for all the 52 brldges as shown in Table 9.3.
(1) Reconstruction

Reconstruction involves reconstruction of ' superstructure,
substructure and foundation. The bridge:types were determined through
the comparative design and applicable bridge tyoes]as shown 'in planning
conditions, in consideration of the actual-ﬁr{dge'site=condition'ond the
existing bridge types., A comparative design'waé concidered for'éight
(8) brldges out of the 22 bridges which have alternatives on alignment,
span arrangement and bridge types. The:steel type bridge was basically
considered for the sitc where long span brldge andfor deep foundation is

required.



(25' Replacement'of'Supefetructure :

Replacement of quperstructure involves replacement of super-
tlucture and reinforcement and. repair of substructure and foundation.
The types of superstructure were selected in the same manner as in the
case_ef reeonstruction._ Reinforcement and repair of substructure and
feupdatibﬁ-were determined in coneideration_pf the existing bridge types

aﬁd the actual circumstance at the bridge sites.
(3) Repair

Repair mainly involves reinforcement of deck slab substructure and .
-+ foundation, end was determined based on the results of diagnostic study

(refer to APPENDIX 4;5) of ufgent rehabilitation bridges.

Reeenstruetion is selected instead of replacement of superstructure
in case the br;dge width cannot be widened, deterioration and damages of .
substructure are severe, alignment does not meet reguirement. On the
other hand replacement of superstructure is required by judging from_
the previous conditions. In principle, reconstructlon was considered for

the bridges which have more than two marked condltlons for judgement.

As eh ekception, however, the Batu and Pinacanauan bridges do not

meet the réquivements:

- The present "Batu Bridge is considered to be a bridge needing
} repalr because its width (6.10m) is not considerably different
~efrom the required width (6.70 m}.. Therefoxe, an additional
=sidewa1k  would be adapted as a repair method instead of

" ‘Teplacement of super-structure.

- The'Pinacanauan Bridge is also comsidered to be a bridge needing
- repair because partial replacementrelab will be adopted, although

Ithe ﬁeck slab has severe damages.
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~.Summary of Table 9.2 is shown ss a result of judgement below.

BRIDGE DESCR!PT!ON s : JUDGEMENT

. gRIDGE :  BRIDGE . CXISTING BRIDGE  LOADING DETERIORATION  RIVER
NUMBER _ " BRIDGE - ~ TOTAL
T NUMBER NAME TYPE WIDTH  CAPACITY  ANDDAMAGES  STUDY
R 14 LABANGAN 1 I S * s e LY
2 54 TAGAMUSING = RCDG ™ - - o
3 56 BUEQ : Poagggg}gss ' ® L] O ® ®*
4 65 LOMBOY . - -RCDG - O -] — ]
5 .77 BAvANG PONY ® e ® - o
6 .43 $ICSICAN ©TRUSS - ) o — 0
7 TV INBIANA SIB /PONY S ® ® O -~ L &
8 73 pAY TRUSS ® — o - o
K3 108 | NAGUILIAN  SIB/TRUSS — o} o) - O
10 113 MALALAM SIBITRUSS - — - O - o
n. 135 PINACANAUAN  SIB/TRUSS . - ® — 0
12 154  PARED PORE-'E g};}gss — [ L] - L o
13 19 SUIE, RC-SLAR — O O — ®
14 76 SAN GABRIEL RC-SLAB — o o) - ®
-15 186 .. BINAHAAN RCDG —_ O O - [ ]
16 208 STO.CRSTO  RCDG - - O - ®
17 220 MAGAPON PONY ® ® O — " ]
18 " 327, SAN CRISTOBAL ~ RCDGARUSS _ ¢} O - O
19 103 JABONG RC-SLAR - ® * — &
20 120 MINOGBONGAW . SIB . - o O - 9]
7 160 - JUBASANTL PONY = 3 - - ]
2 161 . JUBASAN I TRUSS - o) o — "

©* : RECONSTRUCTION
® @ REPLACEMENT OF SUPERSTRUCTURE
G ': RERPAIR

The result of overall assessment is that reconstruct;.on will be
needed for 8 bridges, replacement of superstructure for 7 bridges and
repair for 7 bridges. The same procedures of judgement for the above 22
bridges are-applled for the 52 bridges which require urgeat
rehabilitation as shown below. Specially, the recomstruction bridges
are J.ack,:l.ng :_width a'nd loading capacity and having serious deterioration
and 'd_ama_ges. Thus, these bidges are important in the future

rehabilitation program,
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Table 9.3 RECONSTRUGTION,_REPLAGEMENTOF S-UP_ERSTRUGTURE _0R=»REE.5\IR_

BRIDGE DESCRIPTION JUDGEMENT : % o
® % z & LE& ; 0
Q _ a w.r 1.8 o |Eo@sal; LE
e | 3 Wy B g z b 8 0w NE B %
b2 o W o @B a © & o o |z Féli’ .
@ | = o = a > R by d = | oz < |Hzay. " &
2y i 3 [ 0] S g AR §§ wE el
x i m a . ) - oo
113 | mariLao RCDG N o “®_ | Doinage of DeckiSlab
2 | 1al Lasausan st1a - * . S1 B (Beaml, SR
3 | 22| SULIPAN - Pony/Truss’ . [ X [e38 Bridge. widih, Peny {Lower Chy
[ a | 'EE_ PLARIDEL TV S e i ; Df_njc_lhug_'gl'"ieﬁc}jyb
5 | 5a| TacamusiNg RCDG Py — y _Domoge ot foundation
6 | 56| eueo Pory/ Truss/SI8 | @ @ o Pony (Lower Ch.) Sedimentorion "1
7 & Loksoy RCDG - o} [ 'ﬁr}rﬁb—qﬁrru;_e_r_s[mcmre- D
8 | 77| Bauvanc e | e | e Bridge width, Pony (Lower Ch)
s | 771l savawe 1l L . Bridge wath, Pony [ Lower Ch.)
10 104 sta. cRUZ I - S 0 Extansion ot Span
1 | 13| LANGLANGKA'T - = 5] Uamoge of RCOG
12 | 1z0} STA. MARIA - O o ] fhoddquate Bridgs Length and widrh
:I_-E_ tas | TIPCAL - - — ® _Dumuol of . REDG .. .
14 3 PLARIDEL PULILAN — O [} _ o] be =44m, 2 boum! only )
15 | 1a | san roaque - — o 7‘0__# Gamage of RCDG. (2. spuns )u:
15 143 SICSICAN — o] Q. [T )| Domege of ‘deck slab -
1T | T INDIANA ® . @ . Q [ ®%_ ]| .Poay (Lower.Ch.}
|18 _;_Z';_ BE;U__ '® = O . [_O - 1| Damoge of damoage slab R
15 | 86 | NAMANPARAN — — 0 e _Damage of RCOA L 1
20 | B3 | SANLUIS RCOG - . o O 7| Shortoge ot Bearlng Wiasn i
ER T S1B/Truss = o | o "0 7] Doimage of dech slab
22 13| MALALAM SIBS Truss - — 0. - [ 0O ]| Domage ; of dsck slab .,
23 | 126 BALASIG Truss - - o O | pumageiof dack siat
24 | 129 san paBLo SIB/Truss | — = o7 7T 776 7| Dainags ot deck stad ’
25 | 138 | FinncANAUAN S1-B Truss iy - "o | 8 ]| bemage ol deck slab i
El:_» 1 158| PARED Rl Truse - * » ) Pony {Lower Ch.], Bolrey Br. .
27 19 SUJE {RIZAL) RC Siob — O (03 Dumnge of suparslruciuro
28 | 43 | GUINOBATAN s-1.8 - 0 e T T | Evaston of slope af abutinent
29 | 75 | SAN FERMANDO TSR TN T T o, R Damage of ‘Seck slob | ]
3¢ | 76 | PAMUKID 5-1-8 = 57 5} O .| Damage of siab & superslruclure
3t 77 | SAN ISIDRO 5-1-B - o] O .0 ‘Damecga-at detk slaps
"3z |.78 | SAM GABRIEL “RC Sigb — ® o T=@ ] [ Domage of supsrsiructors
33 | 78 | pamowo | RCDG - - O O | Damage of deck slab ” B
34 | 80| TineuiBAN " RCDG/RC Sleb — = -3 ) ‘Damoge af RCDG
35 | 82 | S6T. MATIAS RCDG = T ST T T T o7 T namoge of deck slab )
136 | 86| NAUBOD 1 o] - - o) T o Damaoge ot superstructure i
38 | 99 | sook 5-1-8 - [>) e} e Damage of deck siab
38 | 3| kawaPAwAn | s1B U S o ) Domege of deck stab ~ -
39 | 154 BASIAD Truss - O - [%) O “Domags. of deck slab - ’
la0 [ 173] sumaca RCDG - - o Y Domags of siperstruciure
41 s [ TALABA kcoé = = T T @ | Domogs of supeisifucture
42 | 168 BINAHAAN O D D - 12;22;1 mfmuw s “;TQQTD
43 i20 | PALSABANGON RCDG —_ — fe] . Damage .of superstriscivre
(a1 | 206] LAGNAS 11 "TRCSIGb | = = Y Damage of drehsieb
45 | Z08| STO.CMSTO “RcDG = s S - Bamaege of suparsiructure B
96 | 220| MAGAPONS Pony @ ® . - 'w_c‘) Pony : {Lowar Ch:)7 ; T
ar 223| BIGA §1-B - — (o Darnngn. of deck slad T
48 | 227 | 'sAN CRISTOBAL RCDGTruss - o o Damags of dech Midb . |
49 | 109] JIAGONG ' RCSlab - B - mogs of nd beam
50 | 120 | - HiNOGBONGAN Ts-1-8 o= s i foundurlon i
5T i601 JUBASAN If T Feny = Y e T | Fory owmer.cud 7T T
sz |16t} JusASAN I Tedss -~ e ‘- “Damage of Tru_;"f;onoslan)
LEGEND:
#' i RECONSTRUCTION .
© . REPLACEMENT OF SUPERSTRUCTURE
0 ; REFAIR )
| m—

22 BRIDGES FOR FRELIMINARY DESIGH
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" CHAPTER 10 PRELIMINARY DESIGN

10.1  General

TheEpreliminary design“covering the 22 bridges selected out of the
52 bridges to be urgently rehabilitated was carried out based on the
output of the previous detailed survey.. The preliminary design covers
reinforcemenit of . superstructures and subsﬁructures and replacement and
reconstruction of the selected bridges, includxng river training. The

prellminary design involves the follow1ng studies: .

(1) To determine the classificatlon and extent of deterioration
and damages ,
(2) - To compare' thé. altethétives of rehabilitation and repair
- methods ' _ _
'(337 To conduct structural design based on the results of visusl
. inspection |
(4) To prépsfé rehabilitation methods for the existing bridge

(5)  To estimate preliminary guantities
10.2 Procedures

Based on the ?eéults of viéual inépecti@n and detailed survey, the
diagnostic records of the 22 bridges selected as the representative
rehabilitation bridges were prepared for preliminary design. Meanwhile,
the planning conditions and design criteria to be adopted for the
prélimihdrj dééign were established considering the standards such as
AASHTO, BRIDGE DESIGN GUIDELINES (DPWH), NSCP. To develop an effective
and practical plan, selection of rehabilitation methods was carried out
on the 22 répresentative rehabilitation bridges, and the same bridge
type: &and the same degree of deterioration and damages based on the
fasults~of”pre1iminary design of thesé 22 bridges are applied to the
rémainihg 30 urgent rehabilitation bridges. A comparative design was
a;soiexecutedLasfrequired. The rehabilitation methods are carefully
selectéd, considéring practical and economical ways and the standardized
sections are dééigned to reflect the preliminary design. Finally, these

‘designed -sections are applied on the -drawings which form the basic
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materials for cost estimate. .-

The flow chart of procedures followed férrpreLiminary design is

shown below:

FLOW CHART OF PROCEDURE. OF "PRELIMINARY DESIGN

e Pl_a'm[wng' i Condltlons
“dnd_Dastgn Critarla

Resuit of visudl Dlagnostic racord
inspsction of o] Oof Imenediate
urgent rehobill - rehgbititation

totlon bridges

-

Selection

of Rehabilitation
 Method -

|
i .Cost -
| Estimate
I TLob
! .
EH
]
H

TS

| Rehavinsetion
- Rehabllitation” . Bridgss
ORI P

“Meihods -of Urgent

{ ) Figure in the bracke?

shows pumber of bridges

10.3 Planning Conditions

This study was conducted to set up the planning COnditioﬂS_ﬁhich
will be utilized in theipreiiminaty design. Thé*étudy'coﬁered the
review of existing standards such as the National Structural Code of the
Philippines Vol. I & II, the Standard Specifications for Highway.
Bridges, AABHTO, A policy on Geometric Design of Highwayé:an& Streets;,
Japanese Standard Specifications, etc. and the comparativefaltérﬂatiVes

of the said specifications. - The plﬁnning conditions pfOVide for ‘the
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applicable slze and type of bridge structures and the study results will
be used for preliminafy design. .On the other hand, the degign criteria
will .directly provide the methods and limitations of design. The
planning conditions cover the following: |

(1} Minimum Geometric Deéign Standard

Thé. minimum geometric design standards being applied to this
feésibility study are derived from the Yighway Design Guidelines, DPWH,
1984 as tabulated in Table 10.1

(2) Standard of Bridge Width

Theé typical bfidge}cross section adopted for the preliminary design
was reviewed in accordance with the National Structural Code of the
Philippines, the Standard Specifications for Highuway Bfidges, AASHTO,
1983 and A Policy on Geometric Design of Highway aﬁd Streets, AASHTO,

1984, The following recommendations were made on preliminary design.

Side- Road Bridge

Types of Highway Lane  Shoulder walk Way Width
o - | Width Width Width d = (e) =
(a) (b) {c) (a)t+2x(b) (d)+2x(c)
(1) Main Highways 7.32 0.31 0.76 7.94 9.46
(2x12=24") (30")
(2) Rural Highways 6.70 0.31 0.76 7.32 8.84
(2x11=22° ) (30")

Note: Unit is meter (if not otherwise designated).

* with reference to Policy on Geometric Design of Highway
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(e} : o
(e} td) g}
LN (o} LY

(3) Applied Bridge Width

) The ‘bridge width applied in this study consists of the roadway
width and the sidewalk width on both sides of the bridge. The
applicable bridge width will be computed based on the existing width of
bri{dges' a'nd'_.higﬁiwaysf,: traffic volume and the -existing standards
con.:c‘:"er-ni:ng' bi’idgé width. .The i’e‘éonuﬁendations'_for bridge_width in the

study areas are shown in Table 10.2.
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(4) Clearances and Length of Bridges

~The ‘clearances of a: bridge controls ‘the bridge’s length as
iddicated in the following'excerpt from the Design Guidelines, Part IV,
Bridge Design DPWH: “From the -intersection of ofdinary water lavel and
ground surface as shown .in the sketch below, the proposed slopes of the
grouted riprap follow the slope of the bank as close as possible, having
in mind not to comstrict the area of the water way required.” Then the
top of roadway elevation was determined based on the Design Flood Water
Level (DFWL).

The distance between the intersections of the slopes of grouted
riprap and the top of roadway elevation represents the length of bridge
required, which is the total distance between the back of backwalls.
Minor - ad justments shall be ‘made, if necessary, to suit the length of

standard type of superstructure to be adopted.

Vertical clearance under a bridge shall be determined taking into
consideration the necessary space needed for river navigational ways and
mﬁintenance,'etc. ‘The river administrative clearance from the bottom of
the bridge girder or beam to design flood water level will be 1.0 m to
1.5 m.

"TOTAL LENGTH OF BRIDGE REQUIRED

FACE OF BACKWALL
T BAGKWALL - - BACKWALL
{4-TOP OF ROADWAY
D%‘m‘ls:t; - \ ,— BOTTOM OF GIRDER /
ERTeAl e | P\ o mews
SLOPE SLOPE

owl

The design elevation of the bottom of bridge girder shall not be

lower than the high water level plus the free board.

According to the Bridge Design Guidelines (Part-IV), DPWH, the

vertical clearance below the bridge girder and the Navigational

10-7



Clearance are as follows.

Vertical Clearance . {below .the - bridge) - Non Navigable .river;
general clearance between D.F.W.L. and the bottom of the lowest member
of superstructure shall not be less than. 1,50 for :streams. . carrying

debris and 1.00 for othéré.

Vertical Clearance (Navigable river); -The -Philippine. Coast . Guard
shall be consulted for determining the minimum horizontal -and vertical
clearances under a bridge before preparing the final design and ‘plans of

the proposed bridge.
(5) Applicable Bridge Types

To select the applicable types of suyerstructdre,-substfucture.and
foundation, the basic and important factors,. i.e. -economical
construction, stability and safety, shorter construction period and ease

of maintenance and operation, shall be given priority..

Fig. 10.1 and  10.2 -show the ' relationship -between .the
superstructure type :and. the :span length based ‘on the samples of
bridges. The following items are fundamental in the selection of

superstructure types:

Reinforced concrete structures are initially. considered except
for special reguirements of steel structure for easier

maintenance.

- Reinforced concrete beam and steel Ifbeém typeé'are‘applicable

for short span length (10 m to 15 m);7

- Prestressed concfete.girder,'énd steel plate girder typés are

applicable for medium span length {20 m to 50 m).
- Prestressed concrete box girder, steel throﬁgﬁ.truSS-éﬁd5ranger

girder types are to be applied for long span length (60 m to
150 m). & ' | |

i0-8



Fig. 10.3 and 10.4 show the applicable substructure types in
accordance. eith the 'required structural height of a bridge. The
selection of substructure types 1ls based not only on specified figures

but -also on the following considerations:
- Reihferced concrete:sttuctures.

s The erdse-sectiou of pier column in the river 1s circular or

~elliptical and rectangular shape with no restricted conditlons.

- Non elidiﬁg:of the ‘back £ill materials behind abutment structure
is considered in the selection of the abutment type to aveold. the

approach settlement.
Fig.flo.s-shews the appiiceble foundation types in accordance with
‘the’ gequifed ‘effectiveé depth to sustain the upper structures. The

following are considered in selecting the foundation type:

‘;f;Poesible'constructien depth is studied in consideration of soil

. conditions.

- = The advantageous type is coneidered for works above water e.g.

reverse circulation drill pile.’

L'Theiptefabricated pile types are advantageous when the bearing

stfetem is within a shallow range.

-10-9
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