Z2) Forecasting overall traffic growth rate through a growth
model (Future river crossing traffic only)

3) Estimation of traffic growth rates by traffic zone applying
future economic frame by zone
{(Future traffilc generation /attraction by zone)

4} Forecasting future vehicle O0-D matrix

1. Future river crossing vehicle 0-D matrix (dally traffic)
2. Future 0-D matrix excluding the river crossing traffic
3. Combination of above vehicle 0-D matrix (daily traffic)
4. Future Peak and Off peak hour vehicle 0-D matrix

5) Traffic a331gnment to future road network by alternative
bridge plan

1. Peak hour traffic assignment
2. Off peak hour traffic assignment

The process of the forecasting is illustrated in Fig.6-1.

6.2 Establishment of Present 0O-D Matrix

The present vehicle O0-D matrices were  prepared combining
2(two) O-D matrix. The one was derived from the: results of road
side O-D survey conducted by the Study Team and is composed of
only river crossing vehicle traffic. The other one was based on
- 0-D data by DICTUC and composed of other O-D components than
river crossing traffic. Both O0-D matrix above were. combined with
each other after changing DICTUC's person trip O-D matrix into
vehicle O-D matrix in order to obtain complete vehicle 0-D matrix
covering the whole study area.

6.2.1 Road Traffic Survey for River Crossing Traffic

The Study Team conducted the traffic survey at both ends of
Biobio Antiguo bridge and Juan Pablo II bridge. The purpose of
the survey was to obtain information on vehicle 0-D trafflc
crossing the river.

(1) Types of Survey and Survey Method
The traffic survey consisted of the following 2(two) types:

1. Roadside Origin—Destiﬁation(O—D) Survey
2. Classified Traffic Counting Survey

The roadside 0-D survey was based on a interviewing method
by stopping vehicles and asking drivers origin/destination
places, trip purposes, number of passengers, etc. During the
survey time, not only private passenger cars but public buses and
trucks were also interviewed.
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CONSOLIDATED
FUTURE (2010)
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Fig. 6-1 Flow Chart for Future Traffic Forecastirig
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(2) Survey Stations

. The 6(six) stations for the 0-D survey and 19 counting
stations were selected after a field reconnaissance as shown in
Fig.6-2.

(3) Survey Schedule

The roadside O-D survey and traffic counting survey were
conducted on 15th and 16th of December 1993 in accordance with
the following schedule:

1) 15th December {Wednesday) 1993:

Roadside 0-D survéy at stations 11-14, 21 and 22:
12 hours (07:00 AM - 19:00) :

Traffic'counting survey at the same stations of 0-D survey:
24 hours (07:00 AM - 07:00 AM next morning)

2) 16th December (Thursday) 1993:

Traffic counting by direction at the intersections of
access roads both ends of the 2 bridges:
16 hours (Q07:00 aM -~ 23::00)

Although the survey period above was during the students’
summer vacation season, the survey schedule took into account the
total schedule of this study. Seasonal fluctuation adjustments
to vehicle trips in this season (not person trip by trip purpose)
were applied in order to obtain the Average Annual Day Traffic
(AADT)} as explained below.

{4) Survey Items and Survey Form

A survey form for the O—D interviewing is shown in Table 6-1
which includes the following survey items:

1. Vehicle Type

2. Address of origin place

3. Address of destination place

4. Trip purpose

5. Total number of passengers (for passenger vehicles)
6. Capacity~- ton (for cargo vehicles)

7. Commedity type (for cargo vehicles)

8. Load condition {for cargo vehicles)

(5) Zone System for Roadside O-D Survey

The zone system for the roadside 0-D survey and for the
establishment of initial O-D matrix was the same as adopted in
socio-aconomic analysis with 24 zones (Chapter 2 and Chapter 4).
The 24 zone system was adopted at first stage in order to get
quick and accurate answers from interviewed drivers..
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This initial O0-D matrix was divided into smaller =zones
referring to the DICTUC's zone system because the 24 zone system
is considered to be too rough especially in the central area of
Concepcion.

The newly divided zone system has 49 zones as illustrated
in Fig.6-3 and relationships between 49 zones and DICTUC's zones/
24 zones are presented in Table 6-2.

(6) Sample Size

The number of sampled vehicles by each survey station is
summarized in Table 6-3. Total 14,669 vehicles were collected as
samples and an average sampling rate was 32.0%. :

6.2.2 Present River Crossing Vehicle 0~D Matrix
(1) Types of 0-D matrix prepared

The following present vehicle 0-D matrices were established
in this study:

1. Daily (AADT base) 0-D matrix by vehicle type
2. Peak Hour O-D matrix by vehicle type
3. Off Peak Hour O-D matrix by vehicle type

The vehicle type was consolidated into the following 4
categories:

. Pasgenger car, Wagon, Pickup
. Taxibus

. Bus

. Truck

[V S

Peak and Off peak hour 0-D matrices were prepared applying
peak hour ratios of total river crossing traffic to the dalliy O-D
matrix{(AADT base): Peak hour slots were defined as follows:

1. Morning Peak : 8:00 AM -~ 10:00 AM-
2. Afternoon Peak : 12:00 aM - 2:00 pM
3. Evening Peak : 6:00 PM - 8:00 PM

Peak hour ratios of river crossing traffic in 1993 are shown
in Table 6-4. The total 6 hours peak-hour slots were consoclidated
and applied to daily O~D matrix.

(2) Expansion Factor

Since the roadside 0O-D interview survey was carried out by
random sampling, it is necessary to expand the surveyed sample
data, taking the effective sampling rate into consideration.

It is obvious that the expansion factor should be calculated by
vehicle type and by survey station (by direction). The expansion
factors were based on the following equation:
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Table 6-~2 Traffic Zone Code

ZONA DE

ZONA DE ZONA DE
MARCO TRANSITO plicTuc
ECONOMICO § (49 ZONAS) [ (113 ZONAS)
(25 ZONAS) .
1 i 3204
1 2 3205
1 3 3206
1 4 3207
1 5 3208
1} 6 3306
2 7 311
2 8 3112
2 9 3113
2 10 3201
2 1 3202
2 12 3203
2 13 3304
3 14 3109
3 15 3110
4 16 3401
5 17 3108
5 18 3301
5 19 3305
6 20 3101
6 21 3102
5 22 3103
7 23 3104
7 24 3105
7 25 3106
7 26 3107
7 27 3114
8| 28 3302
9 29 3307
9 29 3308
9 30 3309
9 30 3310
9 30 3311
Y 31 3402
9 31 3403
10 32 3404
10 32 3405
10 32 3405
10 32 5101
] 10 3z 5102
10 32 5103
10 az| 5104
10 32 ‘5105
10 32 5106
11 33 3303
1 33 . 3312
12 34 7102
13 35 7102
14 36 2101
14| 36 2102
14 36 2103
14 36 2104
14} 36 2105
14 36 2106
14 36} 2107
14 36 2108
14 36 2201
14 36 2202
14 36 2301
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ZONA DE | ZONA DE. [ ZONA DE
MARCO TRANSITO DICTUC
ECONOMICO | (49 ZONAS) [{113 ZONAS)
(25 ZONAS) :
14 36 2302
14 36 2303
14 .36 2304
14 36 2305
14 36 2306
14 36 2307
14 36 2308] .
14 36 2309
14 36 2310
14 36 2311
14 36 2312
14 36 2313
14 36 2314
14 36 7105
15 37 1101
15 ‘37 1102
15 37 1103
15 17 1104
15 37 1105
15 37 1106
15 37 1201
15 37 1202
15] . 37 1203
15 37 7101
16 38 7102
17 39 5201
18 40 4104
18 41 4102
18 42 4103
18 42 4201
18 42 4202
18 47 4203
19 43 4101
20 44 6101
20 44 5102
20 44 6103
20 44 6104
20 44 6105
20 44 6106
20 44 6107
20 44 £108
20 44 6109
20 44 6110
20 44 6111
20 44 6112
20 44 6113
20 44 . 6201
20 44 6202
20 44 6203
20 44 6204
20 44 6205
20 44 6206
20 44 6207
20 44 6208
21 45 7103
22 46 7102
23 47 7102
24 48 7104
25 49 7104




Table 6~3 Sampling Rate of 0-D Survey

Puesto Relacion Tipo de Vehiculo

Encuesiador No. de Muestreo Antos,Pickup Buses Camiones Total
st.11 Mo. de Muestras 3,395 2R7 13 3,695
- Transito de 24 horas 9,827 1,604 214 11,645
Relacion de Muesireo(%) 34.5 17.9 6.1 31.7
St.12 No. de Muestras 2,016| 70 10 2,096
Transito de 24 horas 8,554 1,533 235 10,322
Relacion de Muestreo{%) 23.6 4.6 43 20.3
§t.13 Mo, de Muestras 559 46 74 679
Transito de 24 horas 1,728 111 221 2,060
Relacion de Muesireo{%) 32.3 414 33.5 33.0
St.14 ~ No. de Muestras 678! 57 99 834
Transito de 24 horas 1,924 117 240 2,281
Relacion de Muestreo(%) 35,2 48,7 41.3 36.6
St.21 No. de Muestras ' 2,172 768 830 3,770
Transito de 24 horas 5,882 1,283 1,711 8,876
Relacion de Muestreo(%) 36.9 59.9 48.5 42.5
St.22 Wo. de Muestras 2,172 684 - 739 3,595
‘Frangito de 24 horas 7,376 1,370 1,840 10,586
Relacion de Muestreo(%) 29.4 49.9 40.2 34.0
Total No. de Muestras 10,992 1,912 1,765 14,669
Transito de 24 horas 35,291 6,018 4,461 45,770
Relacion de Muestreo(%) 131.1 31.8 32.0

39.6
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F(i,k) = V(i,k)/S(4,k)

Where :

e

Expansion Factor

Traffic Volume {24 hours)
Number of Effective Samples
Survey Station (i)

Vehicle Type (k)

W<

46 as b6 4o

(3) Adjustments of Weekly and Seasonal Fluctuations in Traffic

The traffic volume by each survey station was the result of
counting on specific day of a specific month of the vear. The
collected data, therefore, included the effects of weekly and
seasonal fluctuations. The above fluctuations are adgusted by the
following method:

AADT = O % (i/w) * (1/m)

Where : AADT: Average Annual Daily Traffic
Q: Traffic Volume counted on a survey day
: Weekly Fluctuation Factor
= (Daily Traffic)/(Weekly Average Daily
Traffic)
m: Monthly(Seasonal) Fluctuation Factor
= (Monthly Average Daily Traffic)/
(Average Annual Daily Traffic)

1) Weekly Fluctuation Factor

The data on weekly traffic fluctuations for the 2(two)
bridges (Biobio Antiguo and Juan Pablo II bridge) in November
1992 were available from a report prepared by DICTUC as shown in
Table 6-5. The traffic survey carried out on Wednesday. and this
table indicates that +the river crossing traffic wvolume on
Wednesday was at almost the same level with an weekly average and
a weekly fluctuation factor defined as above was estimated at
1.01., Therefore, it was decided not to add adjustments to the
weekly fluctuations.

2) 8Seasonal Fluctuation Factor

The data on seasonal vehicle traffic fluctuations are
available from the past traffic data by M.0.P which provided, in
general, the results of 3(three) "periods" surveys i.e.

1. Verano‘(Summer) : 17/02/1982 or 14/02/1990
2. Invierno (Winter) : 16/06/1982 or 20/06/1990
3. Primavera. (Spring) : 20/10/1982 or 17/10/1990

Traffic data on 2 bridges and of some survey stations in
Concepcion and in San Pedro were collected on each of the seasons
above, and are as shown in Table 6-7. As the traffic survey was
conducted in Summer season {(December), seasonal fluctuation
factors in 1982 are summarized as follows:

Pasgsengexr car, Wagon, Plckup = 0.94
Bus = 0.94
Truck = 1.09
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Table 6-5H

Seasonal Traffic Fluctuations
1992/11/23-11/29 (24 horas)

Biobio Bridge

Sur~Norte | Norte-Sur Total
Domingo 9,272 9,065 18,337
Lunes 12,081 11,787 23,868
Martes 12,241 11,961 24,202
Miércoles¥ 12,401 12,002 24,403
Juaves 12,246 12,108 24,354
Viernes 13,442 - 13,038 26,480
Sabado 12,558 12,143 24,701
Promedio 12,034 11,729 23,764
Semanal

Juan Pablo II Bridge

Sur-Norte Norte-Sur Total
Domingo 7,581 7,714 15,295
Lunes ' 7,651 7,910 15,561
Martes 8,450 8,712 17,162
Miércoles®* 8,001 8,370 16,461
Juaeves 8,157 8,459 - 16,616
Viernes 8,930 9,092 18,022
S8abado 8,773 9,043 17,816
Promedio 8,233 8,471 16,705
Semanal '

Two Bridges

Sur-Norte Norte-~Sur - Total
Domingo 16,853 16,779 33,632
Lunes 19,732 19,697 39,429
Martes 20,691 $ 20,673 41,364
Miércoles* 20,492 20,372 40,864
Jueves 20,403 20,567 40,970
Viernes 22,372 22,130 44,502
Sabado 21,331 21,186 42,517
Promedio 20,268 20,201 40, 468
Semanal

Note: * Survey Day
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Therefere, total traffic volume of car, wagon, Pickup and
bus have to be increased by 6.4 % in order to obtain the AADT.
Traffic volume of truck, on the other hand, were reduced by
B8.3% .

(4) Consolidation of Daily Vehicle 0-D Matrix

~ The vehicle 0-D matrices by survey station were consolidated
into one 0-D matrix, It was found that some samples crossed the
river 2 times in one trip using, for example, Juan Pablo IX
bridge coming from North and crossing Biocbio Antiguo bridge to
enter South of the central area of Concepcion. These trips were
the movements which had both origin and destination in' the same
side of the river. Therafore, such samples were not included for
the establishment of present O0-D matrizx of river crossing traffic
and only the 0~D pairs between San Pedro side and Concepcion side
were included in forming the components of the river crossing O-D
matrix. : -

The estimated traffic volume, Crossing the river, after

adjustments for seasonal fluctuations in 1993 and excluding the
double crossing river traffic are summarized in Table 6-6.

Table 6-6 Traffic crossing the Biobio River

Ruto, Wagon,Pickup | Taxibus,Bus { Camion | Total

Trénsito Total que 33.646 6.074 3.8 1 42.978
Cruza el Rio (THDA)

Horas punta (6 horas) ' 12,722 23021 137 16.351
Fuera de las horas punta 20,924 3. 1931 | 26.627

6.2.3 Present Vehicle 0-D matrix Other Than River Crossing

The pregsent vehicle 0-D matrices other than river crossing
traffic were derived from the DICTUC's O-D matrix prepared in
1989. The following adjustments to the DICTUC's O-D matrix are
necessary to consclidate with the river crossing vehicle 0-D
matrix explsined above:

1) Adjustment of the base year from 1989 to 1993

As the base year of DICTUC was 1989, growth rates to the
year 1693 were applied to the matrix as shown below:

Private Mode 0-D ------ 1.40 (growth rate of car,
: pickup registration of region
VIII, 1988-1993)

Public Mode 0-D ~----—-- 1.42 { growth rate of bus
. registration, 1989-13993)

Truck O0-D --—-----e—-—- 1.23 ( growth rate of truck
: registration, 1989-1993)
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2) Adjustment of zone numbers from 113 to 49 zones

3) Changing from person trip 0-D matrices to vehicle trip 0-D
matrix applying average occupancy rate.

4) Division of Public mode O-D matrix to Taxibus O-D matrix
and large bus 0-D matrix

6.2.4 Completed Present Vehicle 0-D Matrix

The adeSted DICTUC's O-D matrices above were combined with
the river crossing vehicle 0-D matrix. The peak hour vehicle O-D
matrices were also prepared applying the peak hour ratio to the
AADT O- D matrix.

The 49 zone base present 0-D matrices by vehicle type are
presented in Annex Table A.6-1 and desired lines are shown in
Fig.6-4.

6.3 Forecasting Future 0-D matrix
6.3.1 Overall Traffic Growth Rates for River Crossing Traffic
(1) Traffic Growth Model

The next step in the forecasting of future traffic is to
estimate the growth rates of overall traffic representlng the
total volume of +trips crossing the river in the target
year(2010)).

Az the. historical traffic data crossing the river were
available by vehicle type for the past 13 years (1980 - 1993),
regression analyses were applied to show the past trends.

_ The following equations were adopted for the estimation of
growth rates applying future socio-economic fram (GRDP and
vehicle registration):

Car,Wagon, ' ' : .
-11,366 + 0.44572%(GRDP) + 0.16450%{VR)

Pickup : Q=
(R = 0.8584)
Buses : Q= -177.05 + 0.07333*(GRDP) + 0.35683*%(VR)
(R = 0.7337)
Trucks 3 Q = -1,471.9 + 0.08829%(GRDP)
(R = 0.9529)
Where:
Q : Vehicle Traffic Volume of River Crossing Traffic
GRDP : Gross Regional Domestic Product of Region VIII
VR : Vehlicle Registration
R : Correlation Coefficient
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(2) Results of Forecasting Future River Crossing Traffic

The above equations were applied for forecasting future
river crossing traffic through inputting future socio-economic
frame and results are summarized in Table 6-8.

Total volume of river crossing traffic will reach to 112,000
vehicles a day in 2010 which is about 2.6 times of 1993 volume.
The year 1999 is planned to be an opening year of the new bridge
and 0-D matrix of 1999 was forecast by linear interpolation of
each component in O0-D matrix between 1993 and 2010.

Table 6-8 Results of Forecastng Future River Crossing Traffic

Volume
-Tipo de Vehiculo Trénsito que Cruza el Tasa de 2010/1993
' Rio(Vehiculo/bia) } Crecimiento Anual
9 ] 99 | 20 | i
Auto, Wagon, Pickup | 33.646 | 5L.000f 90500 | 60 2.6
Taxibus, Bus 6.014 1,700 | - 12.900 4,5 2,12
Camidn 3.258_ 5,000 8.700 5,9 2,67
Total 4,978 ¢ 63,700 | 112,100 ¢ 5,3. 2,61

6.3.2 Forecast Future Trip Generation/Attraction by Traffic Zone

Future trip generation and attraction by traffic zone were
estimated applying the zonal growth rates of socio-econonmic
indicators to the present trip generation and attraction with the
following combinations of indicators:

Car,Wagon,Pickup : Growth rate of vehicle reglstration by
traffic zone

Taxibus, Bus : Growth rate of Population and employ-
ment by traffic zone

Truck : : Growth rate of vehlcle reg;stratlon by
traffic zone .

With regard to the river crossing traffic pre-determined in
the above section as a Controlled Total Value, the estimated
zonal trip generation/attraction were re-adjusted so as to keep
consistency with the Controlled Total Value.

6.3.3 Future O-D matrix
A present pattern method was employed to estimate the future

trip distribution and the process was iterated to reach the
previously determined zonal trip generation/attraction volume.
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The future river crossing 0-D matrix was combined with the
future vehicle 0-D matrix derived from DICTUC's O-D matrix after
the volume of corresponding 0-D pairs of DICTUC base turned into
zero. The finalized future 0-D matrices of 2010 are presented in
Annex Table A.6-2 and desired lines are illustrated in Fig.6-5
and Fig.6-6. The peak hour 0-D matrix were prepared using the
same peak hour rates in Table 6-4.

6.4 Estimation of Traffic Volume on Alternative Routes

6.4.1 Methodology.

The future traffic volume on alternative bridge routes was
estimated by assigning the future peak hour time 0-D matrix and
Off peak hour time 0-D matrix to the future road network. The
method used for this project traffic assignment is shown in
Fig.6-7.

A minimum travel time was adopted as a criterion when
selecting possible travel routes for particular O-D pair traffic.
Although some public buses have fixed routes at present, the
selection of future travel routes in 2010 was based on the
minimum travel time. The travel Ioutes of trucks was also based
on the same criterion.

The future O-D traffic was divided into 5 steps of 20% 0-D
traffic and assigning the- first 20% 0-D traffic to the
network, and under the altered conditions by the Q-V Formula { a
relationship between traffic volume Q and travel speed V) the
second 20% of the 0-D traffic was assigned to the network basged
on minimum time travel routings.

6.4.2 Assigned 0O-D Matrix

The following 0-D matrix were assigned to the future road
~ network:
Year 1999 : Peak hour time 0-D matrix by wvehicle type
(Opening Year) :

0ff peak hour time 0-D matrix by vehicle type

Year 2010 : the same as above

6.4.3 Future Road Network

. The road network for traffic assignment is illustrated in
Fig.6-8 in which future road links are included as well. Future
road projects adopted in the future network are as follows:

1. Construction of the Costanera (River-side Road)
2. Improvements of the A.Prat Avenue

3. Improvements of Eje 21 DE Mayo

4. Improvements of Los Carrera

The area which will be affected by the new bridge is defined
as illustrated in above Fig.6-8 i1.e., Concepcion and San Pedro.
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JFuture Road Network Future Traffic
~ Link Conditions 0-D Matrix
- Network Alternatives (1999.2010)
B
v r
Q-¥ Conditions Ist Step:20% of OD Traffic
(Alter every step) 2nd Step:20% of 0D Traffic

3rd Step:20% of 0D Traffic
4th Step:20% of OB Traffic
Link Speed 5th Step:20% of 0D Traffic

A

Minimum Route Serch'

for all 0-D pairs

<
<

4
Assignament 0-D Traffic

on MWinimum Routes for

each 0-D pair

i
Link Traffic Volume

on Network Links

Completed

Fig. 6-7 Flow Diagram for Estimating Future Assigned
Traffic Volume
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6.4.4 Link Conditions

The conditions of each road link in Fig.6-8 are presented
in Table 6-10 with information on link length, surface status,
one- way or two-way, width, number of lanes, parking, capacity
and Q-V number applied.

6.4.5 0~V Formula and Design Capacity

The so-called Q-V formula adopted for the traffic asgsignment
is shown in Table 6-11 and Fig.6~9, The design capacity
(pcu/hour) was calculated based on the Highway Capacity Manual
(H.C.M). :

6.4.6 Testing the Validity of Assignment Methodology

In order to check the validity of the methodology adopted,
the present peak hour 0-D matrix was assigned to the present road
network and compared with the actual traffic volume on each
bridge. Table 6-9 shows the results of the test.

Table 6-9 Comparison of Assigned Traffic Crossing the River
(1993, peak houres)

Tipo de Vehiculo - (R) Asignado (B) Real ~(a)/(8)

Biobio | Juan Pablo II § Biobio | Juan Pablo II § Biobio | Juan Pablo II
Ruto,Wagon,Pickup {  6.898 5.586 1.769 5.18% 0,89 1,08
Taxibus 1,247 : 832 1.212 1,006 1,98 0,83
Bus - 58 - 82 . 0,710
Camidn - 1,017 - Lary - - 0,88
Total 8.145 1,583 9.041 7.490 0,90 1,01

Above results indicate that the range of errors are not
enormous except for the case of bus with a very small traffic
voluntie.

6.4.7 Estimated Future Traffic Volume on Alternative Routes

Results of traffic assignment by alternative bridge route
are presented in Table 6-12. :

The maximum peak hour traffic volume on the new bridge among
the alternatives is estimated at 27,390 vehicles/6 houra in 2010.
This volume is equal 5440 pcu/hour and the Design Capacity of new
bridge is set at 4280 pcu/hour. Therefore, in this case, the
traffic demand will exceed the design capacity of the new bridge
in 2010. On the other hand, possible capacity of the new bridge
is estimated at 5,640 pcu/hour. Therefore, traffic demand of
5,440 pcu/hour may be handled within the possible capacity but
with a low service level.
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Table 6-10(1) Link Information Table, 2010

Codigo]  Distancia | Sentido Fstade | Ancho No. de  |Estacionar | Capacidad | Codigo
de M)  [0:Ambos  [1:Bueno (M) Pistas {pcufhr.) de
Arcos. 1y 2 2:Regular | - 0: Sl Qv
Un sentido  ]3:Malo : 1: NO
1 1500 0 2 8 2 1 1800 35
2 1650 0 1 14 4 1 4280 36
-3 1850 0 1 14 4 1 4280 36
4 2300 0 1 14 4 1 4280 36
S 2600 0 1 20 6 i 5900 37
6 1140 0 1 14 4 1 4280 38
Al e 0 1 14 4 1 4280 38
8 254 "0 i 14 4 1 4280 38
9 640 0 1 14 4 1 - 4280 38
10 415 0 1 14 4 1 4280 38
i1 750 0 1 14 4 1 4280 38
12 750 ) 1 14 4 1 4280 38
13 400 ] 1 14 4 1 4280 38
14 270 0 1 14 4 1 4280 36
i5 260 0 1 14 4 1 4280 38
16| - 250 0] 1 14 4 1 - 4280 38
17 280 0] 1 14 14 1 4280 38
18 330 1] 1 14 4 1 4280 38
i9 650 0 2 0 930 4
20 900 0 2 0 930 4
21 830 ) 1 18 6 1 5530 34
22 180 1 1 10 3 1 2050 14
23 125 0 1 10 3 1 2050 14
24 379 0 i 10 3 0 1370 11
25 130 0 1 10 3 0 1370 11
26 630 0 1 19 3 0 1370 11
27 47 0 1 10 3 1 2050 14
28 95 0 1 10 3 1 2050 14
29 110 0 1 16 6 1 3640 31
30 140 0 1 16 6 1 3640 31
33 279 0 1 12 ] 1 2020 19
32 227 0 1 12 4 1 2020] 19
33 134 0 1 12 4 1 2020 19
34 139 0 1 8 2| 1 940 4
35 250 0 1 8 2 1 940 4
36 263 f 1 8 2 1 240 4
37 170 0 1 8 2 1 940 4
38 501 1 1 8 2 1 2080 8
39 192 0 1 6 2 1 780 1
40 272 0 1 [ 2 1 780 1
11 192 0 1 6 2 1 780 1
42 . 550 0 1 6 2 1 980 5
43 300 0] 1 6 2 1 980 5
44 ~ 180 0 1 6 2 1 980 5
45 650 0 I 3 2l - 1 980 5
46 800 0 1 1] 2 1 - 980 5
47 . 950 0 1 18 6 1 5530 34
48 . 1530 0 1 18 6 1 5530 34
49 290 2 1 2 1 2080 8
50 280 1 1 2 1 2080 8
51 112 0 1 4 i 3370 27
52 - 280 2 1 2 1 2080 -8
53 .29 2 1 2 1 2080 8
54 - 890 0 i 12 4 1 3370 27
550 560 0 1 7 2 1] 1180 6
56 153 2 12 7 2 0 940 3
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Table 6-10(2) Link Information Table, 2010

Codigoj Distancia |  Sentido Lstado | Ancho No,de " [Fstacionar | Capacidad | Codigo
- de M)  l0:Ambos  {1:Bueno | (M) Pistas _ (pcw/hr) | de
Arcos 1y 2 |2:Regular ' 0: 81 Qv
Un sentido  {3:Malo 1: NO .
57 352 ' 1 2 1 2080 8
58 257 1 2 1 - 2080 8
59 YE | 2 i 2080 8
60 78 1 2 0 © 940 3
61 363 1 1 10 4 1 3620 28
62 233 1 1 10 4 1 3620 28
63 700 1 1 10 4 1 3620 28
64 350 0 2 [ 1180 6
65 620 0 . 1 12 4 1 3370 27
66 585 0 i 16 6 1 4780 33
67 470 0 2 0 1180 )
68 220 0 2 1] 1180 6
69 445 0 1 8 2 -0 1180 6
70 225 0 2 0 ~ 1180 6
yil 300 0 2 0 ¢ 1180 i)
72 1000 0 2 1] . 1180 6
73 1140 ] 2 0 1180 6
74 2350 0 1 18 6 1 5530 34
5 2080 0 1 - 18 6 1 -5530 34
76 2600 0 1 18 6 1 5530 34
N 1250 0 2 1 980 5
78 2080 0 1 7 2 1 1180 [
79 1400 4] 7 2 1 1180 1]
80 197 ] 2 1 980 . .5
Bl 192 0 2 1 980 5
82 - 2080 4] 1 1 2 1 940 4
101 130 [ 1 16 6 0 2010] 29
102 110 0 1 16 6 o . 2010] 29
103 ‘379 0 1 16 6 0 .. 2010 29
104 130 0 i -16 6 0 2010 29
105 638 0 1 16 6 0 2010 29
106 269 0 i 16 [} 0 2010 29
107 609 1 3 yi 2 1 1870 i
108 120 1 3 7 2 1 1870] 7
109 509 1 3 ¥i 2 1 1870 7
110 140 i 3 7 2 1 1870 i
111 279 1 3 7 2 1 1870 7
112 110 1 3 ¥ 2 1 1870 7
113 269 1 3 7 2 1 1870 7
114 42 0 1 7 2 1 940 4
115 609 2 1 12] 4] 0 " 1280 16
116 120 2 1 12 4 0 1280] 16
117 389 2 1 12 4 0 1280 16
118 : 120 2 1 12 -4 0 1280 - 16
119 140 2 1 12 4 1 2570 24
120 259 2 1 12 4 1 . 2570 -24
121 130 2 1 12 4 -0 - 1280 16
122 269 2 1 12 4 0 1280 16
123 170 2 1 12 4 0 1280 16
124 150 i 1 8 .2 0 940/ - 3
1251 . 240 1 1 8 2 -0 - 940| 3
126 130 1 1 8 2 0 940 3
127 - 509 1 1 8 2 0 249 "3
128 608 2. 2 7 2 0 - 940 3
129 120 2l 2 7 2 1 1870 7
130 389 2 2 7 2 1 1876 7




Table 6-10(3) Link Information Table,2010

Codigo] Distancia | Sentido Estado | Ancho Ne. de . JEstacionar { Capacidad ]Codigo
de. (M)  jO:Ambos  [1:Bueno (M) Pistns - | . @ewhr) 1 ode
Arcos lyi2: " |2:Regular 0: 81 Q-v
. Un sentido - {3:Malo 1: NO

131] ° 110 2 2 7 2 1 1870 7
132 160 2 2 7 2 1 1870 7
133 239 2 2 7 2 1 1870 7
134 130 2 2 7 2 1 1870 7
135 509 2 2 7 2 1 1870 7
136 140 2 2 7 2 1 1870 7
137 140 2 2 7 2 1 1870 7
138] 80 2 2 7 2 1 1870 7
139 609 1 2 7 2 0 940 3
140 120 1 2 7 2 1 1870 7
141 - 319t 1 2 7 2 1 1870 7
142 120 1 2 7 2 1 1870 7
143 160 1 2l 1 2 1 1870 7
144 239 1 2 1 2 1 1870 . 7
145 130 1 2 7 2 0 240 3
146 509 1 2 7 2 ] 940 3
147 140 =1 2 7 2] 0 940 3
148 140 1 2 7 2 0 940 3
149 . 309 1 2 7 2 of 940 3
150 618 -0 1 20 6 0 3750 32
151 120 - O i 20 6 0 3750 32
152 379 0 1 20 6 0 3750 32
153 110 0 1 20 6 0 3750 32
154 170 0 1 20 6 0 3750 32
155 240 0 1 20 6 0 3750 32
156 130 0 i 20 6 0 3750 32
157 509 0 1 20 6 0 3750 32
158 140 0 1 - 20 6 0 3750 32
159/ - 140 0 1 20 6 0 3750 32
160 259 0 1 20 6 0 3750 32
-161§ 315 0 1 20 6 0 3750 26
162 357 0 1 8 2 1 940 4
163 618 1 2 0 940 3
164 - 120 1 2 0] 9401 .3
165 130 1 2 0 940 3
166 250 1 2 0 940 3
167 110 1 ) 2 0 940 3
168 499 1 2 0 940 3
169 143 1 2 0 940 3
170 368 1 -2 6 940 3
171 - . 628 1 3 7 2] 1 1870 7
172 120 1 3 7 2 1 1870 7
173 130 1 3 7 2 0 940 3
174 349 1 3 7 2] 0 940 3
175 160 1 3 7 2 ¢ 940 3
176 - 239 i -3 7 2 0 940 3
177 140 0 3 7 2 0 940 4
178 519 0 3 7 2 0 940 4
179 . ¢ 130 0 3 7 2 0 940 4
180| | 491 2 1 8 2] 0 - 940 3
181 359 2 1 8 2 0 940 3
182 110 0 2 o - 1180 6
183 230 0 2 0 1180 6
184 629 0. 2 0 1180 i
185 - 110 0 2 0 1180 G
186 150 0 2 0 1180 6
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Table 6-~10(4) Link Information Table, 2010
Codigol Distancia i Sentido § Estado Ancho No. de - |Bstacionar | Capacidad |Codigo
de (M)  f0:Ambos_ _f1:Bueno {M) -1 Pistas (peu/hr) 1 de
Arcost Ity 2 J2Regular oSty Qv
________ B Un sentido  [3;:Maio 1: NO ) .
187 359 1] 2 0 1180 - 6
188 38¢ 0 2 0 1180 6
189 114 ! 3 8 3 0 1530 12].
190 155 0 3 8 -3 0 1530 12
191 390 0 3 8 3 0 1530 12
192 389 2 3 8 3 0 1140 9
193 389 1 3 6 2 1] 860 2
194 1000 ) 3 6 2 ) 980 )
195 319 0 3 6 2 ] 080 5
196 290 0 3 6 2 1] 980 5
197 800 0 2 0 1180 6
198 3700 4 2 0 1180 6
199 440 [t} 2 0 1180 6
200 130 \; 1 k-lit 4] 1 2330 23
201 229 0 1 14 4 1 - 2330 23
202 130 0 1 14 4 1 2330 23
203 279 0 1 14 4 1 2330 123
204 130 { 1 14 4 1 2330 23
205 130 0 1 14 4 1 2330 23
206 120 1 1 14 4 1 2330 23
207 259 O 1 14 4 1 2330 23
208 768 0] 1 14 4 1 2330 23
209 104 0 1 12 4 1 2130 20
210 940 0 1 12 4 1 2130 20
211 720 0 1 12 4 1 2130 20
212 219 0 B 2 0 940 4
213 789 1] 2 0 940 4
214 150 2 2 0 940 3
215 160 1 i 2 0 940 3
216 179 2 1 8 3 1 1709 13
217 250 2 1 8 3 1 1700 13
218 130 -2 1 8 3 1 1700 13
219 269 2 1 8 3 1 . 1780 13
220 140 Z 1 ‘8 3 1 1700 13
221 120 2 1 8 3 1 1706 i3
2228 110 2 1 8 3 1 1700 13
223 269 2 i 8 3 0 1140 9
224 409 2 1 8 3 0 1140 9
225 419 2 1 8 3 0 1140 9
226 189 1 i 7 2| 0 940 3
227 260 1 1 7 2 1 1870 7
228 120 1] - 1 i 2 1 1870 7
229 269 1 1 7 2 1 1870 7
230 140 1 1 7 2 1 181 Wi
231 120 1 1 7 -2 1 1870 7
2321 110 1 1 7 2 0 T840 3
233 269 1 i 7 2 0 940 3|
234 409 1 1 7 2 ] 40 '3
. 235 419 1 1 7 2 1] X0 . 3
236 269 2 1 7 2 0 - %40 3
237 828 0 1 7 2 0 940 4
238 120 0 1 7 2 0 940 4
239 290 0| 1 7 2 0 1180 6
240( 680 0 1 7 2 0 1180 6
241 1930 0 2 0] - 1180 [
242 360 0 2 0 1180 G

—128—



Table 6-10(5) Link Information Table, 2010

Codigoj Distancia | Sentido | Bstado | Ancho | No.de [Esiacionar | Capacidad [Codigo
de (M)  i0:Ambos’  {1:Bueno M) Pistas {pcu/hr.) de

Arcos iy 2 2:Repgular 0: §1 T Qv

Un sentido  §3:Malo 1: NO

243 120 o 2 0 1180 6
244 300 o | T 2 0 1180 6
245 2500 o ) 2 0 1180 6
246 259 2 1 7 2 0 740 3
247 . - 140 2 1 7 2 0 240 3
248 120 2 1 7 2 of 040 3
249 120 2 1 7 2 0 940 3
250 . 140 1 1 7 3 1 1700 13
251 130 1] i 7| 3 1 1700] 13
2521 130 1 1 7 3 1 1700 13
253 140 1 1 7 3 1 1700 13
254 120 1 1 7 3 1 1700] 13
255 110 1 1 7 3 1 1700 13
256 259 1 1 7 3 1] 1140 9
257 28 1 1 7 3 [\ 1160 9
258 - 140 1 1 7 3 1] 1140 9
259 150} 1 1 T 3 0 1140 9
260 140 2 2 0 940 3
261 250 2 2 0 040 3
262 140 2 ~ 2 0 940 3
263 130 2 2 0 940 3
264 140 .2 2 0 940 3
265 130 2 2 0 940 3
266 120 2| 2 0 940 3
267 112 2 2 0 940 3
268 - 259 2 2 ] 940 3
269 249 2 3 10 3 0 2050 14
270 131 2 3 w3 0 2050 14
271 140 2 3 10 3 1 137D 11
2721 - 130 2 3 10 3 1 1370 11
273 130 2 3 10 3 1 1370] 11
274 130 2 3 10 3 1 137011
275 380 2 3 10| 4 1 2290 22
276 760 0 3 10 q 1 1900 18
277 155 0 3 10 4 1 1900 18
278 130 ] 3 10 4 1 - 1900 18
279 229 o 3 10 4 1 1900] 18
280 850 0 3 10 4 1 1900 18
281 249 1 3 7 2 0 940 3
282 140 1 3 7 2 0 940 3
283 130 1 3 7 2 0 940 3
284 140 1 3 7 2 0 940 3
285 120 1 3 7 2 0 240 3
286 1300 1 3 7 2 0 940} 3
287 359 i 3 7 2 0 940 3
288 140 1 2 0 940 3
289 150 2 1 9 3 0 1280 10} -
290 120 2 1 9 3 0 - 1280 10
2291 120 21 1 9 3 0 1280 10
292 369 2 1 9 3 ) 1280f 10
293 100 1 1 7 2 0 940 3
294 120 1 1 7 2 0 940 3
295 120 i 1 7 2l o 940 3
296 110 1 1 7 2 0 940 3
297 259 1 1 7 2 0 240 3
298 120 2 2 0 940 3
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Table 6-10(6) Link Information Table, 2010

Codigo| Distancia | Sentido | Fstado | Ancho No.de [Estacionar | Capacidad [Codigo
de (M)  0:Ambos - |1:Bueno (M) - Pistas {pcu/hr.) de
Arcos | ty 2 2:Regular st P Q-v
tn sentido  §3:Malo 1: NO
399 70| 3 2 0 gq0] 3
300 130 0 2 0 940 4
301 152 2 1 8 2 0 940 3
302 7459 2 1 8 2 o 90 3
303 501 . 2} 1 8 3 0 1280 10
304 80 1 1 7 2 0 940 3
305 525 0 1 18 4 1 2700 25
401 sa2l o 1 8 2 1 1180] a1
402 - 170 0 1 8 2 i 1180 L 41
403 400 0 1 8 2 1 1180 41
404 500 0 1 8 2 1 1180 . 41
405 _100 0 1 8 2 1 1180 41
406 1550 0 1 12 4 1 3310 27
407 255 0 1 12 4 1 - 3370 27
408 1125 0 1 12| 4 1 3370 27
409 . 675 0 1 12 4 1 3370 27
410 959 0 I 2 0 980 5
411 1100 -0 1 13 6 0 3690 31
a2 1500 0 2 6 2 0 980 5
413 350 0 2 0 . 1180 6
414 450 0 2 0 1180 ]
415 11251 0 1 7 2 ] 1180 6
416 688 0 1 7 2 0 1180 6
417 375 0 1 ) 2 0 1180 6
418 1125 0] 1 7 2 0 - 1180 6
419 455 0 1 7 2 0 1180 6
420 110 i 1 of o0 3
517 325 0 1 8 2 1 940 4
518 270 0 1 14 4 1 4280 36
519 260 0 1 14 4 i 42800 - - 36
520 260 0 1 14 4 1 4280 38
521 360 ] 1 14 4 i 4280 38
522 340 0 1 14 4 1 4280 38
523 250 0 1 12 4 i 3370 - .27
524 370 1] 1 14 4 1 4280 33
525 230 o 1 14 4 1 4280 38
526 440 . 0 1 14 4 1 4280 38
527 230 0 1 14 4 1 4280 38
528 130 0 1 14 4 1 4280 38
529 320 0 1 14 4 1 4280 38
534 1500 0 1 14 4 1 4280 36
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Table 6-11 @~V Formula

Codigo Ko de T Vinax V1 Viini [4]1 Qmax Capacidad

de €3V | Pistas | eovh) § (em) | (kmb) | (pewhora) | (pruhoes) | (poushora)
1 2 40 30 1) 80 1,400 730
2 2 40 30 10 . - 860 1,500 860,
3 2 40 30 10 o0 1,600 240
4 2 40 30 10, o0 1,608 946
-5 2 A0 30 10 980 1,700 980
[ 2 ) 30 i0 1,180 2,100 1,180
7 2 Ak 30 10 1,870 3,300 1,870
8 2 A0 30 10 2,080 3,600 2,080
9 3 10 30 10 1,140 3 000 1,140
0 3 A0 30 i 1,280 2,200 1,280
11 3 40 30 10 1,370 2,400 1,370
12 3 Bl a0 10 1,530 2,700 1,530
13 3 40 30 10 1,700 3,000 1,700
14 3 40 30 .10 2,050 3,600 2,050
15 g 40 30 1o 1,140 2,000 1,140
16 4 40 30 10 - 1,280 2,200 1,280
1 q 40 30 10 1,660 2,900 1,660
8 q 10 30 10 1,900 3,300 1,900
19 4 40 30 10 2,020 3,500 2,020
20 ] 40 30 0 2,130 3,700 2,130
20 4 K] 30 10 2,210 3,900 2310
7] 4 30 30 10 2200 4000 2,290
23 4 10 30 10 2,330 4,100 2,330
] 4 0 30 10 2570 4,500 2,570
25 ] 10 30 16 2,700] . 4,700 2,700,
26 i i} 0 10 2,300 4,900 2,800/
27 4 40 30 10 3370 5900 3,370,
28 4 40 30 10 3,620 6,300 3,620
20 3 60 35 10 2,010 3,500 2,010
I 0 a5 0 3,020 5,300 3,000
31 6 [ 5 10 3,640 6,400 3,640
32 5 & 35 10 3,750 6,600 350
33 5 | 60 N 3780] . BAm0 ~ 4,780
3 6 60 45 - 10 . 5,530 9,700/ 5,530
KH] 2 50 i) 10 1,300 3,200 1,800
36 4 50 45 10 4,280 2,500 4,280
37 & [ 45 10 5,900 10,300 5,000
38 3 &0 45 10 4280 7,500 4,280
41 2 40 30 10 1,180 2,100 1,180
¥
E Yomax
E' .
L] B P
g vy
w1 :
o
3 H
] Yaoini :
S RN fomeiaai .
! a{1} Omax ]
sCapacidad
Volumen del Transito;

Fig. 6-9 Q - V Formula
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Table 6-12(1) Results of Traffic Forecast by Alternative Route
- 2010: All vehicles -

No. del Caso

Alternativa 0: Sin, 1-4: Con
Puente Viejo Biobio|: Sin
Costanera 1: Con
Periodo de . g Pucnte .. . _
Tiempo Puente Nuevo § Juan Pablo 11 JPuente Viejo Biobi Total
0| 6] OjPunta ' _ - 41,900 - © 41,900
Fuera de Punta - 70,500 & ' 70,500
Diario - 112,400 - : 112,400
0 11 0} Punla - 30,100 11,800 41,900
Fuera de Punta - 47,000 23,500 70,500
" | Diario - 77,100 35,300 112,400
0] 0] 1[Punta - 41,900 - 41,900
Fuerade Punta] - 70,500 - 70,500
Diario - 112,400 - ' - 112,400
o[ 1| 1{Punta - 130,600 - 11,400 42,000
Fucra de Punta| - 51,600 19,000t 70,600
Diario - 82,200 30,400 112,600
1| Of O{Punta 21,300 20,100 - : _ 41,400
Fuera de Punta 35,900 34,800 - 70,700|
Biario 57,200 54,900 - 112,100
2] 0! O Punta 21,600 20,300 - 41,900
Fuera de Punta 36,400 34,200 - . " 70,600
Diario 58,000 54,500 - 112,500
3| 0| 0]Punta 22,400 19,500 - 41,900
Fuera de Punta 39,000 31,500 - ' 70,500
Diario 61,400 51,000 - 112,400
4] 0] O|Punta 27,000 14,900 - . . 41,900
Fuera dc Punta 44,600 25,900 - N 70,500
Diario 71,600 40,800 - _ 112,4001
1] 0| 1}Punta 20,300 21,600 - 41,900
Fuera de Punta 30,9040 39,600 - 70,500
Diario 51,200 61,200 - 112,400
2| 0 1|Punta 21,400 20,500 - : 41,900
Fuera de Punta 29,200 41,500 - 70,700
Diario 50,600 62,000 - 112,600
3| 0} 1|Punta : 22,200 19,800 - 42,000
Fuera de Punta 37,500 33,100 - . 70,600
Diario 59,700 52,900 - - 112,600
4] 0] 1|Punta ' 23,200 18,800 - 42,000
Fuera de Punta 42,000 28,500 - 70,500
Diario 65,200] 47,300 - 112,500
1; 1} 1{Punta 16,700 21,700 3,500 41,900
Fuera de Punta 30,900 39,600 0 70,500
_|Diario 47,600 61,300 35000 112,400
2| 1] L1Punta 18,500 20,500 2,900 ' 41,900
Fuera de Punta 24,100 42,000 4,600 70,700
Diario 42,600 62,500 7,500| 112,6001
3| 1] 1}Punta 18,300 202000 -~ 3,700 42,200}
Fuera de Punta 31,300 33,800 5,800 70,900
Diario 49,600 54,000 9,500 1131001
4] 1] 1{Punta 27,400 11,300 3,300 42,000
Fuera de Punta 42,600 22,300 5,600 70,500
Diario 70,000 33,600 8,900 112,500
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Table 6-12(2) Results of Traffic Forecast by Alternative Route
- 1999: All vehicles -

No. del Caso
Alternativa 0: Sin, 1-4: Con
Puente Viejo Biobioj0: Sin
Costanera 1: Con
Periodo de Puenic -
Tiempo Puente Nuevo | Juan Pablo 11 [Puente Viejo Biobi Total
0f 0| G|Punta - 23,600 - 23,600
Fuera de Punta - 40,200 - 40,200
Diario - 63,300 - 63,800
(] 1| O|Punta ' - 15,600 8,100 23,700
Fuera de Punta - 21,700 18,500 40,200
Diario - 37,300 26,600 63,900
0| 0| 1|Punta - 23,600 - 23,600
Fuera de Punta - 40,200 - 40,200
Diario - 63,800 - 63,800
0| 1] 1{Punta - 15,600 8,000 23,600
Fuera de Punta - ‘ 25,000 15,200 40,200
. {Diario - _ 40,600 23,200 63,800
1] 0§ 0{Punta 18,600 5,000 - 23,600
Fucra de Punta) 26,100 14,100 - 40,200
Diario 44.700 19,100 - B 63,800
2] 0t OtPunta 18,700 4,900 - 23,600
Fuera de Puntal 26,300 13,900 - 40,200
Diario 45,000 13,800 - 63,800] -
3| O] 0|Punta 19,100 4,500 - 23,600
Fuera de Punta 27,500 12,700 - 40,200
Diario 46,600 17,200 - 63,800] -
4{ 0| 0 Punta 19,100 4,500 - 23,600
Fuera de Puntal 32,600 7,600] - 40,200
Diario ] 51,700 12,100 - 63,800
1| 0] 1{Punta 12,600 11,000 - 23,600
Fuera de Puntd 21,100 19,100 - 40,200
Diario 33,700 30,100 - 63,800
2| 0} 1jPunta 13,900 9,700 - 23,600
Fuera de Punta 23,200 17,000 - 40,200
| [Diario 37,100 26,700 - 63,800
31 0 1j{Punta ' 18,800 4,800 - 23,600
Fuera de Punta 26,600 13,700 - 40,300
Diario 45,400 18,500 - 63,900
4] 0| 1)Punta 19,100 4,500 - 23,600
 {Fuera de Punta 29,600 10,600 - 40,200
- |Diario 438,700 15,100 - : 63,800
il 1! 1}Punta 12,600 11,000 0 23,600
" |Fuera de Puntal 21,100 19,100 0 40,200
Diario 33,700 30,100 0 63,300
2] 1} 1|Punta 12,300 9,800 1,500 23,600
Fuera de Punia 20,400 17,200 2,600 40,200
Diario 32,700 27,000 4,100 63,800
3t 1| 1{Punta 16,700 4,900 1,9001 . 23,500
Fuera de Punta 23,500 13,600 3,200 40,300
Diario ' 40,200 18,500 5,100] 63,300
4| 1! 1]Punta : 17,300] . 4,400 1,800 23,500
Fuera de Puntgl 26,400 - 10,600 3,200 40,200
Diario 43 700 15,000 5,000 63,700
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CHAPTER 7. NATURAL ENVIRONMENT OF THE STUDY AREA.

7.1 General

Engineering survey has been conducted by the Study Team to
obtain the engineering data and information to be used in the
preliminary design of the bridge and its commecting roads for the
Project.

: Survey consisted. of meteorologlcal Survey, hydrological
survey, geological investigation including soil investigation,
seismic survey and topographical survey.

7.2 Climate

This section describes the outline of the climate in the
Project area.

7.2.1 Meteoroiogical Observations

There is one meteorological station (CONCEPCION - CARRIEL
SUR) in the study area. The location is shown in Fig. 7-1.
Table 7-1 shows the climate data including temperature, relative
humidity, wind speed and rainfall for the meteorological station.

7.2.2 Temperature

The annual mean temperature of this station shows little
variation, ranging from 8.74°C to 16.4°C. The annual maximum and
minimum temperature are 35.6°C and -3.8°C, respectively. Both
the annual mean maximum and minimum temperatures range from
13.0°C to 22.8°C, and 5.6°C to 10.5°C, respectively.

Monthly mean, monthly maximum, monthly minimum, monthly mean

maximum and monthly mean minimum temperature at the
meteorological station are shown in Table 7-1.

7.2.3 Relative Humidity

The annual mean relative humidity at 2:00 p.m. of this
station ranges from 56% to 77%. :

7.2.4 Wind Speed
The annual maximum wind speed and direction of this stétion
ranges from 30 knots/north to 60 knots/north. Maximum wind speed
and direction at the meteorological station is shown in Table7-1.
7.2.5 Precipitation |
- Annual rainfall in this project area ranges from 688.6 mm
to 1,528.8 mm. Most rain falls in the winter season (May to

September). Only 1ight rain falls in the summer season (October
to April) in this area. :
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rable 7-1 The Monthly Meteorological Data at Concepcion Carriel Sur

Latitude : 36" 46' Seuth
Longitude : 73° 03' Uest
Elevation ! 12 m

[ten Hes Enero | Pebr | Marz | Abri | Mayo { Junio | Julio | Agost | Sept et fov . { bic | Anual

Teaperatura Nedia en ¢ w4 5.7 Ul 110 1108 9.2 8.1 9.1 9.9 e {138 156 122

Temperatura Mirlma ea € | 33.2 {306 320 (2.0 | 288 2.0 !l | B0 K71 8.6 L BE (334 ]HE

Temperatura ¥inina en € 4.6 3.6 1.6 | -1.0 -2d 3.1 -3.8 -5 -4 | -0.8 1.6 4 118

Temperatura Mirima Hedia | 22.8° 224 209 (183 {155 (134 J130 | 138 151 110 |92 | a4 j1T8

Temperatura Miniza Hedia | 10.5 .1 9.0 1.6 1.5 6.1 5.1 5.6 5.1 6.8 8.4 9.9 1.8

Humedad Relativa Hedia 56 57 5 84 i (4] 15 n 6 8 61 % 65

14 hrs. en 3 .

Velocidad del viento H % i} 40 0 | s 60 i 4 LY {0 ki )

Haxisa en nudos

Precipitacidn nn/res Clwo fus {3 [ws Jses Lass {ane fses (ens [er a0 fas |

Table 7-2 Monthly Average Discharge at Gauging

Latitude :

36° 46" south

t 21,217 ka?

Station on Biobio River (m®/seg) pongitud ¢ 73 937 West
Catchment Area
Afio Enero Pebr { Harzo ] 2bril Hayo Junio Julio ] Agosto Sept Oct lov Dic | Anual
1970 - - - - - - - - 822 499 858 176 -
Wi Y3 {01 2 139 1031 961 2264 1852 1213 | 1% a7 TH 944
un 403 269 259 284 2106 2805 1489 3093 1700 F 1657 1490 804 ] 1360
197 384 pL)! iy} 230 0 1194 2113 - - - - {18 -
191 80 250 1 251 569 1843 1245 1268 1033 1025 6 | M 181
1975 pLl| 38 19 {1 1180 2004 2070 1093 850 | 10T 1248 831 964
1975 mn 39 1 240 34 1680 921 532 843 | 1514 ) 94 ] 1386 802
197 &1 14 197 230 13|17 159 1071 197 111 | 1363 807 | 1118
1978 285 162 164 153 {35 834 4311 113 1466 | 1428 F 1380 ¢ 433 | 1015
1979 154 127 124 137 466 581 1290 578 771 9% | 1159 950 870
1980 119 m 3 966 2995 - 1451 218 1262 | 1075 842 526 -
1981 188 470 ] 43 il 1955 1666 1327 926 135 45 N8 g 1080
1982 A7 H9 133 262 760 1714 3094 1604 2157 1153 [ 1410 . F 999 Y 1187
1983 525 307 A6 ] 365 9 s 1583 1326 us6 11232 ) 1030 49 832
1984 252 pel} 49 288 1653 131 kil 951 1370 11983 | 1695 921 | 1156
1985 510 297 265 469 1383 1654 2397 m 1059 | 1041 § 1066 .41l 911
1986 230 A7 309 697 1921 3578 1281 2166 1369 | 1106 §.1140 992 | 151
1987 30 17 281 367 517 1264 2508 Pl 1353 1 1364 - 868 39 98t
1938 266 230 M 300 467 81 1313 1978 1156 | 9% 903 51 1.7
1989 0 pAL} 219 152 162 1017 1309 1667 1269 | 993 576 168 31
1990 32 229 284 614 823 1160 1050 1673 185t 9 536 276 812
1991 162 496 547 133 1247 un 1569 1168 1299 13 880 885 | 1014
199 550 - W i1 k] 3533 1070 518 1280 | 1384} 1156 678 -
1993 410 AUl 244 531 1915 - - - - - - -
Prome n 213 75 391 1244 1708 1942 1564 1296 | 1186 | 1047 687 999
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7.3 Hydrological Study and Analysis
7.3.1 General

The main objective of the hydrological study is to grasp the
hydrological conditions for the bridge design. The hydrological
data and information to be used for evaluating the peak flood
water level were obtained from MOP and DIRECCION GENERAL DE
AERONAUTICA CIVIL, DIRECCION METEOROLOGICA DE CHILE and
UNIVERSIDAD DE CHILE (DEPARTAMENTO DE INGENIERIA CIVIL).

7.3.2 Review of Hydrological Data
(1) Hydrological data

Discharge records are available at the gauging station
downstream of the existing Biobio Bridge on Biobio river. The
gauging station has a water-level recorder and staff gauges. The
gauging station's catchment area is 21,217 km2. The location is
shown in Fig. 7-1. Table 7-2 shows the monthly average discharge.
Table 7-3 shows that the annual peak discharges were observed in
the winter season from May to September.

(2) River Condition

The Biobio's catchment area is 24,420 km2 at the river-
mouth, between the 36°45' and 38°52' south parallels. It
discharges at the west into the Pacific Ocean, and extends to the
east up to the ranges of the LOS ANDES at the national frontier
with Argentina. .

The Biobio flows from southeast to northwest for 356 km
until the sea, where the latitude of river mouth is at 36°50°
gouth, south of the HUALPEN Peninsula and north of ARAUCO Gulf.
The river begins in the LOS ANDES Ranges at ICALMA and GALLETUE
lakes, less than 1,500 m above sea level. '

During its course, it meets the many affluent (see Fig 7-2).
The most important river is the LAJA river which originates at
the LAJA Lake, north east of the river-basin. It flows in a
northwesterly direction past CONCEPCION city and turns west to
the sea. The width of river at the mouth is about 2 km.

At the mouth of the river, the discharge varies between 124
m*/sec (December to April) and 13,110 m*/sec. (May to November).
The Biobio receives large amounts of water from snow melting in
December to April, and from runoff caused by the rainfalls of May
to November at the Central Valley and the Coastal Range. The
river's discharge grows significantly during May to August and
begins to decrease in the months of September, October and
November. '
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Table 7-3 Annual Maximum Flood Record (Peak discharge)
and related Water Levels at Gauging Station
on Biobio River : - '

Latitude : 36° 50" South
Longitude : 73° 05" West
Elevation : 4 n
Catchnent Area : 21.217 hw?
Aio Dia Hivel de Elevacin Desgarga
aguas Kivel de {3
(w) Muas (n) - fs)
191 Jul.21 3.3 1.4 6.126°
1972 Ha{.l? 4,46 8,46 13.110
1973 Jul. 01 3,0 1,01 5,028
1974 Jun.28 3,0 1.8% 9.210
1975 Nay.29 3.0 1.30 6,398
1976 Jun.20 3,08 1,08 5,436
%g;g Jul. 10 3,0 1.0 5.002
1974 Ago.3l 319 1.9 9.503
1980 Hay. 14 39 191 9.616
1961 Hay. 09 3,44 1.4 1.008
I .18 333 73 5801
1984 Jul.18 3.3 1,36 6,045
1989 Juk.03 3,61 1,61: 1,962
1986 Jun. 18 1.9 1,92 9,553
1997 Jul. 14 2.98 6.98 5.2%
1983 Ago. 20 .13 8,73 4,403
198¢ Jun. 2% 3,66 1,66 - 1.916
1990 Sep. 11 3,01 1,01 . 5.586
199 May, 31 4,15 8,15 5,059
1992 Jun.06 3,70 1,70 8.087
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7.3.3 Hydrological Analysis
(1) ¥lood Frequency Analysis

A flood frequendy analysis was undertaken by fitting several
frequency distributions to predict return period floods at the
station. Records of annual mazimum £lood data at the station are

shown 1in Table 7-3.

Weibull formula was adopted for plotting position formula
as follows:

| o probability .
N; the number of years of record
: the rank of the event in order of
magnitude

In Chile, Gumbel method is considered toc be best fit. The
result by Gumbel method is summarized as follows:

Table 7-4 Flood Discharge with Return Period

Return Period {year) 10 P 50 100

Flood Discharge (n*/s) . 11.102 12,605 14,552 16.010

(2) Design Return Period

MOP suggested to apply the largest recoxrded flood discharge
in the past or the 100~year probable flocd discharge for bridge
design in Chile. The 100-year probable flood discharge calculated
by frequency analysis shows nearly equal to the estimated flood
discharge on the basis of flood mark of the high water level
obtained by field survey.

Based on the above criteria and recorded flood data, design
return period to be applied for this study was determined to be
the 100-year probable flood discharge.
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7.3.4 Hydraulic Calculation and High Water Level

Hydraulic calculation was conducted to determine the design
flood water level for the proposed bridge.

. The design flood water level is calculated using Manning's
uniform flow formula as shown below: '

v = (1/n) * R¥ % [V2
Q=A%*v
where, discharge (m*/s)

- flow area (m?)

flow velocity (m/s)
hydraulic radius (m)
water surface slope
roughness coefficient

JHAC PO

2 #% s es sa 4

'I' was obtained to be O. 000625 based on collected
topographic map. 'n' was estimated on the basis of river bed
condition and the existing flood information.Flood water level
at proposed bridge is shown in Table 7-3.

7.4 Seismic Survey

The survey was done to obtain the basic data and information
to be used for the seismic design of bridge.

The seismic data and information were obtained from MOP and
UNIVERSIDAD DE CHILE (DEPARTAMENT(O DE INGENIERIA CIVIL). Chile
is located in an earthquake-prone area, and the earthquakes of
the region of CONCEPCION occur less frequently than in northern
Chile.

7.5 Geological and Geotechnical Inveétigation
7.5.1 General

The survey was done to cbtain the basic data for the
preliminary design of bridge. The subsurface exploration
including rotary drilling, sampling and laboratory tests were
conducted at alternative proposed bridge sites. And also the
elastic wave exploration tests were conducted at the proposed
bridge sites.

The work was subcontracted to a local consultant, ASISTECSA,
and carried out under the supervision of the Study Team.
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7.5.2 Soil Investigation at Bridge Site
(1) Field Work
The field work including borings, sampling and standard
penetration tests was carried out at the proposed bridge sites.

The work was conducted near the abutment and pier of proposed
bridges as shown in Fig. 7-3.

Table 7-5 List of Boring Sites

Lugar de la Perforacién | Marca de la perforacién Profundidéd( dte Ipex_*fm‘aci(m
_ nts
Calle Chacabuco 81 17,0
§-2 28,0
8- 18,0
$-6 30,0
87 30,0
Av, Hermanos carrera 8-3 16,0
' $-4 ' 21,0
Puente Biobio Antiguo §-8 30,0
S-g 30:0

Total 9 - 220,0

The samples were taken for laboratory testing.

Standard penetration tests were conducted at every 1 m depth
interval to estimate the bearing capacity of stratum to be used
for determination of bridge foundation.

{2) Laboratory Tests
The following laboratory tests were carried out.

1. Grain size analysis

2. Natural moisture contents

3. Specific gravity, dry density
4.  Plastic/liquid limits

5. Unconfined compression tests
6. Tri-axial compression tests
7. :Consolidation tests

(3) Elastic wave exploration tests

Elastic wave exploration tests by Refraction Method were
conducted at the alternative proposed bridge sites.
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(4) General Characteristic of soils

Most soils are fine granular, dense or very dense, silty
gsands (SP or SM). Occasionally, some layers of sandy silt hard
to very hard consistency are encountered. Rarely thin layers of
gravel,were found. In accordance with generally accepted
correlations the Biobio sediments, below 6 m depth, have good
bearing capacity, as indicated

Table 7-6 Caracteristic of Soils

- Tipo de Suelo SPT hngulo friccidn | Densidad Relativa Cohesion
PAl % C(kg/cnl)

Granular 8P | 40 80 -
Granular ML 16 BT -- 1

Only one of the four borings along the route of alternative-
4 (8-2) shows silty soils and the other 3 (8-5, S-6 and S-~7) show
uniquely. dense sands. In the first 5.6m, of the S-2 boring
boulders were detected. They are part of a retaining wall built
after the occurrence of two large earthguakes in the area at
May, 21 and 22, 1960. This structure was built with the purpose
to reclaim a 200m to 300m strip of land. Fill materials back of
the retaining wall (4 to 6 meters depth) were pumped from the
river and deposited without compaction. These will probably
liquify during 'a strong earthguake.

(5) General Comment for the soil mechanism

Geological profiles confirmed by boring results make the
following relevant issues :

1. Superficial sediment shows low density. From the surface to
4-6 m depth, soils correspond to recent deposits after
periodic changes in this zone during floods.

2. Wave velocity reduction in front of Laguna Chica de San
Pedro shows the existence of an ancient interconnection
between the pond and the river.

3. High wave velocity reduction in the area of North pier of
Alternative route 4 , confirmed the presence of +thick
stratums of hard consistency silts. This measurement shows
the existence of a natural canal that connected Andalien
and Biobio rivers during flood in the past century.
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7.6  Topographic Survey

Provisions were made in the Agreement between the Consultant
and JICA to undertake certain topographic surveys in the project
area. 'The Consultant therefore, made arrangements with a local
firm to undertake certain surveys and collect other data as
necessary in implementing the objectives of the Study.

The specific items of work under this program include the
following:

(1) Levelling

Establishment of temporary benchmark and levelling of the
streets listed below:

Av. Pedro Aguirre Cerda 1.5 km
Av. Esmeralda 2.0
Av. Chacabuco 1.0
Av. Los Carreras 1.0
Av. Arturo 1.0
Av. Costanera i.0
7.5 Km

(2) Planimetric Survey

Planimetric survey was carried out for a width of 50 meters
along the streets listed below:

Av. Pedrxo Aguirre Cerda 1.5 km
Av. Esmeralda 2.0
Av. Av. Chacabuco 1.0
Av. Los Carreras 1.0
5.5 km

(3) Depth of Water and Stream Bed Elevations

Measurement of water depth at 300 m intervals along the
bridge, and establishment of stream bed elevations at each pier.

{4) Profile Survey (Levelling)

Levelling was carried out at each pier on both sides of the
road for the full length of the bridge.
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CHAPTER 8 EXISTING BRIDGES CROSSING BIOBIO RIVER
8.1 Biobio Antiguo Bridge

Very little data regarding this bridge was available at MOP.
The Study Team reviewed what was available and to the best of our
knowledge, the following information was developed.

The -bridge (approximately 1,419 m long) was originally
constructed in the 1930's.The deck structural system was timber.
. The piers were supported on timber piles, however, the pier caps
were concrete.

One undated drawing was located showing an integrated
congtruction of a hollow concrete pier of box-type construction
with the bottom flange of the box acting as a pier cap over
timber piles and the top flange acting as the deck of the bridge.
From the results of the discussions, i1t appears that this plan
was never followed.

One other undated plan believed to have been prepared in
1955, shows a 14 cm.thick reinforced concrete deck over steel
girders spaced at 1.80 m., with an additiocnal concrete topping,
7 o©om thick, and one sidewalk. This, arrangement, while
substantially reflecting the current actual conditions, is not
exactly correct. In actuality, the girders are spaced at 1.90 m.,
and 2.01 m., and there are two sidewalks. This construction took
place in the early 1950's, when the superstructure was rebuilt
using structural steel glrders and the deck was rebuilt using
reinforced. concrete. :

It 1= believed that sometime after the conversion to a
concrete deck over  steel girders, the pier shafts on the
Concepcion side were strengthened by concrete jacketing indicated
on an undated drawing which also shows the reinforcement. Twelve
steel pipe piles were driven at each pier, and concrete pile cap
was placed thereon, forming a perimeter protection to the ‘then
existing piers, and leaving the existing piers and their timber
pile- supports within: the perimeter jacket. Additionally, the
replacement of 37 piers to cast in-situ piles took place on the
San Pedro side, however, the Study Team was unable to ascertain
the date of these installatlons since no official records could
be located. : : . .

Other basic data are contained in the recent report prepared
by Ministerio de Obras Publicas (MOP), and the Agencia de
Cooperacion International del Japon (JICA) in March 1993. This
report which contains "Programa de Rehabilitacion y Conservacion
de Puentes en la Republica de Chile" covers certain specific
bridges, including the Biobio Antiguo Bridge.
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A set of plans had been prepared "Planos y Detallez del
Estudio Especializado" which includes details of the construction
of the Biobio Antiguo Bridge. The information indicated therein
ig the only existing data regarding the history of this bridge .
and was collected during the course of that study.

Further strengthening took place due to the damage caused
by floods in 1965. These events involved the construction of one
span steel girder on the Concepcion side replacing  three
collapsed spans.

Periodic maintenance was carried out over the years in
addition to periodic repairs, however, despite all these efforts,
the bridge was posted for restricted Iloading, and remains
restricted: till this day for a maximum locad of 8 tons.

Rafer to Fig. 8-1 for the Biobio Antlguo Bridge. See Table
.8-1 for Inspection Sheet.

8.2 Juan Pablo II Bridge and Rallway Bridge
8.2.1 Juan Pablo II Bridge

The Juan Pablo II bridge (2,310 m. long) was constructed
in 1960. The bridge uses simple spans (33 m) post-tensioned
concrete I-type girders, and special large size pipe (concrete
wall) foundation for the pilers. We were not able to obtain
drawings of this bridge from MOP. No :data on subsurface
investigation was available to our Study Team. The bridge has 6-
lane carriageway. No intermediate diaphragms were noticed, and
no positive anchorage between adjacent spans was provided to
prevent spans from falling during a major earthguake.

It was noted that one of the methods used to maintain a
smooth riding surface was the application of bituminous surface
treatment. Such a treatment was placed in 1992, . and it is
believed that such applications are being provided as routine
maintenance. The Study Team calls the attention of the MOP to
monitor excessive addition of dead loads to the bridge.

The MOP should examine the construction details of the
bridge to determine, whether or not, necessary strengthening is
required to resist the action of earthquakes.

Refer to Fig. 8 2 for Cross Section of the Juan Pablo IX
Bridge. See Table 8-2 for Inspection Sheet.
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Fig. 8-2 Cross Section of Juan Pablo II Bridge
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8.2.2 Rallway Bridge

The railway bridge is said to have been constructed in 1877-
1890 using steel trusses with pile bent foundation.Tt has sixty
spans of 30.103 m. and 2 spans of 32.314 m. at the Concepcion
side. This bridge is still in service. Original plans were made
available. Certain repairs appear to have been carried out,
especially through bracing or the addition of reinforcement.

At certain locations, it was noted that the steel girder web
plates were seriously corroded, with holes present in the web
plates.

The Study Team was informed by railway officials that plans
are underway to repair the bridge, and we assume that the
viability of such repairs has been demonstrated. It is not
certain how much corrosion resulted from simple oxidation and how
much may be attributed to salt in the air. It appears that
corrosion. due to salt in the air is not significant.

Refer to Fig. 8-3 for Cross Section of the Railway Bridge.
See Table 8-3 for Inspection Sheet.
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Fig.8-3 Profile and Cross Section of Railway Bridge
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8.3 Results of Site Investigations

Site inVéstigations for Biobio Antiguo bridge were carried
out as described below.

8.3.1 Visual observation
(1) General

The Biobio Antiguo bridge was originally constructed with
108 spans with a total bridge length of 1,648.5 m. When the
superstructure was rebuilt using structural steel girders, five
spans on the Concepcion side were changed to an approach
embankment. The river width was reduced to 1,420 m. at the bridge
site, and the remaining ten spans at the Concepcion side are now
functlonlng as approach viaducts. The spaces below the bridge at
some of these spans are used as temporary shelters or
storehouses. '

In 1965, two piers and the superstructure of three spans,
‘at the Concepcion side, collapsed due to stream flow pressure
resulting from the floods, and the lost spans were replaced with
one 45 m steel plate girders span. As a result, the existing
bridge crossing the river is composed of one 45 m steel plate
girders span, and ninety 15 m steel plate girders spans.

As mentioneéd in paragraph 8.3.3, a difference of 10 to 20
cm was observed in the elevation of the deck between upstream and
downstream side at the piers and at midspan of the girders as
well., It is considered that these differences may be caused by
settlement or tilting of some pilers,

In a similar fashion, due to probable tilting or thstlng
of piers caused by sett]ement or lateral movements, the dimension
from center to center of bearings of the upstream girder is not
the same for the downstream girder.

It was also observed at No. 9 pier that a steel pipe support
was introduced to prevent collapse of the pier, and the ends of
steel girders between adjacent spans were connected by means of
steel bars. :

As for the normal maintenance works, minor rehabilitation
works such as patching for potholes and overlay on the pavement
“have been carried out as repairs to damages which have occurred.
No repainting of handrails or steel girders has been done since
the brldge was originally constructed

No loss of section attributable to corrosion was noticed.
As a result the Study Team recommends either structural steel or
prestressed concrete girders for  the new bridge depending on
economy of cost. Likewise, in the event of using prestressed
concrete girders, no additional concrete thickness to protect
against corrosion is deemed necessary.
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Some debris are still present at the pile caps of the piers,
and need to be removed by the MOP. It is suggested that the span
ilength of 15 m is insufficient to avoid creating obstacles in the
river bed from debris.

It is noted that vibrations are felt on the deck even when
light buses pass on the spans. It is considered that the
stiffness of those spans must be insufficient because of the
shallow depth of the girders.

In general, the bridge seems to have performed its purpose
over the years, however, the Study Team has concluded that the
bridge has substant;ally deteriorated and is nearing the end of
its useful life.

The following paragraphs present the findlngs for each
component of the bridge through the visual observation

(2) Deck slab

Visual observation of crack conditions has been carried out
at the top and bottom surfaces of the deck slab. These are
categorized based on the extent of  the deterioration and are
classified into four categories. The results are summarized in
Table 8-4, and details are shown on Fig.B- 4.

Table 8-4 Surface Cracks in Deck Slab

Tipo de Superior,, Inferior,, -
fisuras,, ) . - T .
0 7.545 81 9,254 98,90
1 858 9 T 0,07
2 833 9 95 1,00
3 124 1 3 0,03
§ 4 0 1 0,00

Note 1. Square meters of deck surface, and percentage of total deck surface affected.
Note 2. "Top" refers to top of 7 cn thick non-structural concrete topping over the structural slab,
MM"MMrmmmmwdeMMMMWMMWmmﬂ%

Note 4. The types of cracks are 0, 1, 2, 3, and 4.

Type 0 ~ No cracks are evident,

Type 1 - One-directional cracks. There is need to investigate further.

Type 2 - Two-directional cracks. Some level of repair is necessary. '

Type 3 - Same as Type 2, with additional cracks within the two directional cracks, Needs
irmediate repairs.

Type 4 - Sane as Type 2, with additional pitting and potholes within the two d1rect10na1

crack pattern. Immediate repairs are necessary
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Figure B-4 Details of the Cracks in the Deck

Cost estimates for the slab cracks repailrs, starting with
type 2, and including types 3 and 4, are shown in Table 8-10.

It is noted from structural engineering viewpoint that most
of the cracks are located at the top of the deck just above the
steel girders. Strain marks due to penetration of water from the
‘deck are also found in the vicinity of the girders. It is assumed
that the strains are caused by secondary stresses in the deck
slab in the longitudinal and transverse directions resulting from
unegual deflections between adjacent girders.

For every span, two lines of longitudinal cracks are
observed at the middle of the deck parallel to the curbs
throughout the bridge.It is assumed that these lines were the
original construction joints used during the concrete deck
prlacement, because the superstructure was constructed in the
following manner, shown in Fig. 8-5:

Erection of one half set of steel girders,

Casting of slab 1 concrete in-situ,

Construction of the other half set in the same manner,
. Casting of slab 2. : :

. e« @

G B =

Therefore the dead load of slab 2 will be carried on the
girders through slabs 1 and 3.

® 0
||

=" 1

= !

L 2010 l 1300 L 2010

Fig. 8-5 Costruction Method of Superstructure



(3) Steel Girders
1) 15 m spans

The 15 m span lengths are provided using I-shape built-up
girders. Each span is composed of four steel girders. Basically,
the lower flanges of the girders vary in thickness from 21 to 30
mm using full penetration butt welds. Some of them are provided
with cover plates to increase the cross sectional area of the
lower flanges.

No intermediate diaphragms were noted. No provision was made
to prevent spans from falling through the movements of the piers
due to subsiding of the foundation piles or due to lateral
movements caused by a major earthquake. Furthermore, the bearing
shoes nests, widths of pier caps, are insufficient to prevent
collapse frdm major movements. Some of the girders have lost
their bearing supports through lateral movements at. the top of
the piers

Both exterior girders of each span are directly exposed to
surface water from drainage, Despite this cycle of wetting and
drying, and even with no repainting, it was noted that the
reduction of thickness for the girders was not significant to
affect the cross sectional area of the girders.

There are no cracks at the haunch between the steel girders
and concrete decks, making it likely that the superstructure, as
a composite girder, i1s carrying the live load and dead load of
the pavement. ' )

2) 45 m span bridge

For the replaced spans, I- shape built ~up girders were
provided. The span is separated into two longitudinal segments
at the center line of the bridge by means of a longitudinal
expansion joint. The span is thus composed of two segments of
superstructures, each supported on two steel girders. These two
girders are connected by cross frames and lateral bracings and
carry the loadings similar to a box girder.

The field inspection examined the welding and noted that the
lateral bracings are connected to the lower flanges directly by
fillet welds in transverse direction to the longitudinal axis of
the girders. It is noted that such a practice adversely affects
the strength of the girder because of fatigue stresses in the
lower flanges which are tension members. It was noted, however,
that such work was carried out under emergency conditions.
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(4) Expansion Joints

L-shape steel members are provided for expansion joints at
both ends of deck between adjacent spans. These are functioning
as protection for the edge of concrete deck rather than expansion
joints. Although the expansion joints were repaired by the MOP
in the past, most of them were damaged or lost at present because
of weakness of the anchorage system. Impact load from dips due
to broken expansion joints is adversely affecting the life of the
structure. :

Expansion joints are important components of the bridge from
traffic viewpoint. They can also be some of the weak points of
bridge construction if not used properly. Provision for
rehabilitation should be given to +the expansion joints to
conserve the bridge, smooth the traffic service, and contribute
to traffic safety.

{(5) Piers

It is noted that the concrete piers supporting the
superstructure have been in use since the bridge was originally
constructed except for the replaced span, where steel framed
plers are provided.

The concrete piers are highly deteriorated. In several
piers, the concrete cover has become loose and spalled due to
corrosion of the reinforcement Dbars. Progress of -the
neutralization of the concrete is indicated in the following
paragraph. However, it appears that the piers were able to
maintain their carrying capacity because of the mass concrete.

In connection with the rehabilitation of the piers, widening
at the toup of piers is one of the most important elements
urgently needed for countermeasure against earthquake effects.

{6) Steel plles

The foundations of the piers were originally constructed
using timber piles, while steel piles were provided later for
strengthening of the foundations. The tops of the steel piles
were capped with pile cap, and the o0ld pier caps were skirted or
jacketed with concrete. No evidence was found to positively
anchor the new pile caps with the old piers' foundations,

Therefore, vertical forces will be carried on the steel
piles only if part of the load is transferred through friction
between the old concrete and the new foundation. It is therefore
not logical to expect the two foundations to work as a group. The
new foundations can only carry lateral forces resulting from
earthquake motion or dynamic water pressure.
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(7) Concrete piles

Two, 1 m diameter reinforced concrete pilles were used as the
foundations for each of the first 37 piers at the San Pedro side.
It appears that these piles might have been constructed
originally to support the piers which in turn supported the
timber deck bridge, which were built as inverted fink girder
trusses.

The Study Team was unable to obtain any drawings for this
ingtallation, so that it is difficult to know the depth of
penetration of the piles and evaluate their stability and
resistance to earthquake action.

The piers and piles are connected by means of fill concrete.
The spaces between the base of piers and tops of pilles varies,
and is approximately 14 cm, filled with concrete. Laitance on the
tops of the piles prevented the bonding of the fill concrete.
This £1i1l1 concrete is in poor condition, and in many cases is
broken up and/or missing. Rehabilitation for these areas should
be taken into consideration.

8.3.2 Non Destructive Inspection
{l) Concrete Hardness Test

' Concrete hardness tests for the deck slab and piers, (Refer
to Table A.8-1 in the Appendix and Table 8-5). Refer to Fig. 8-6
for Location of Concrete Hardness and Carbonation Tests. Concrete
hardness tests were carried out by the use of Schmidt Hammer for
the purpose of estimating the concrete strength.

The equipment used for‘the non- destructlve.concrete.hardness
tests (Schmidt Concrete Test Hammer)(SCH) was an NR type This
is a method stipulated by the  Japan Materials Acadenmy.
Measurements were performed according to "measurement of 1
location is performed at 20 points with a minimum of 3 cm
intervals, at a location mere than 3 om from the corner." The
calculated average for all measuring points represent the
measuring points' hardness. Measurements were corrected according
to the following method.
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Table 8-5 Neutralization Test and Schmidt Hammer Test

Elemento, Ensayo de Carbonatacién Ensayo de Schnidt
Ubicacion -
Carbonat. PH Estado del Losa (epa
(mn) hierro
kaf/cn® kgt /cm?
P20 2 11 ¢ 207
losal 7 11 - m
B35 15 10,5 ¢ 25
Losa 2 18 10 c 262
P45 25 10,5 B 215
Losa 3 2 0 B 279
P60 30 10,5 ¢ 155
Losa 4 26 10,5 b 273
P88 16 10 : | 169
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1)

2)

3)

4)

Angle Correction
Di = Pbmi + Rmi

Di : Basic value or basic hardness

Dmi : walue by Schmidt Concrete Test Hammer
Rmi : angle correction value

Measurement Value Method

Measurement was performed 20 times and an average value +/-
20% range was adopted. ‘

Measurement value Di i = 1 to 20

Average value Av = 1/20 Di

Measurement adopted value Dadi, 0.8 Av < Dadi < 1.2 Av
Strengfh Formula
According to the Japan Material Academy formula.

F =(13 x bo) - 184 (kg/cm2)

where "F" is compressive strength and Do is the adopted
average value .

Concrete Strength Deterioration based on Concréte Age

Strength deterioration of concrete over time was based on
the following formula.

Fn = F x a,

where:Fn= compressive strehgth corrected by secular
coefficient and

a = gecular coefficient.

Table B-6 Values of "a" related to age of concrete.

(dias)

10 20 12 15 [100 150 [200 {300 | 500 1000 | 3000 | 38anos

1,55 112 1,00f{087 08t 0|02 00 o606 |06 |06

According to the values in Table 8-5, it is indicated that

the strength of the concrete in the pier shows low values (below
200 kgf/cm2), whereas the sidewalk concrete slab shows
satisfactory values. We were unable to conduct tests under the
structural slab due to the continuous movement of wvehicular
traffic. ' ' '
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(2) Concrete Neutralization test
1) Concrete Neutralization Test

Tests to determine +the degree of deterioration of the
concrete were carried out. Refer to Table 8-6 and Fig. 8-6 for
location of the neutralization tests carried out for the deck
slab and piers respectively.

The degree of concrete neutralization was measured in order
to determine the bearing force and the durability of the
reinforced concrete structure. When concrete is poured, it shows
strong alkalinity with c¢alcium hydroxide Ca({OH) (Ph wvalue is
approximately 12). However, over time, carbonate gases in the air
gradually reduce the alkalinity of the cencrete.

Ca (OH)Z + CO2 —-o—ene- > Ca CO3 + H20

As neutralization of the concrete progresses and the Ph
value drops lower than 9, the reinforcement bar encourages the
generation of rust, which causes the bar to corrode. Concrete
will also expand as the reinforcement bar corrodes, eventually
causing crack and breakage in the concrete. Water and air will
enter the cracks and promote corrosion, thus further reducing the
durability of the reinforced concrete.

This phenomenon is called concrete neutralization, and it
is an important source cof information for Judglng'the durablllty
of concrete.

2) Neutralization Test (CAR) Method

The neutralization test was conducted in the following
steps.

1. Spray .1% phenolphthalein alcohol liguid on the measuring
surface of the concrete. :

2, If the sprayed surface turns red, the concrete shows
alkalinity.

3. If the sprayed surface turns white, the concrete shows that
neutralization has progressed. (Read the Ph value of the
"neutralization color change standards chart" for the
degree of neutralization.)

4. The depth showing neutralization (depth from the concrete.
surface) is called "depth of neutralization" and provides
an index for concrete neutralization.

5. Remove concrete by drilling and  expose the reinforcement
bar. The degree of rust can be estimated according to the
following standards. (Refer to Table 8-7).
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Table 8-7 Rust Standard for Reinforcement Bars

Grado d&¢ | Estado de oxidacién de la armadura
Oxidacidn

Casi no existe oxidacion

Se verifica oxidacion parcial

Gran parte de 1a arpadura estd oxidada

Existen partes nuy afectadas, con ?rletas 0 pérdida parelal el flerro
kmhdemnmmnyummmnﬁ hierio,

Expulsa el recubrimiento de hormigon

=3 T Ca T o

It is concluded (see Table 8-5) that the concrete
deterioration has progressed to the reinforcing steel, and as a
result rusting of the reinforcement steel will be progressing in
the future. Additionally, the outer 3 cm of the concrete is
considered deteriorated. :

8.3.3 Settlement survey

Settlement survey was carried out by levelling at the side
walk to compare deck elevations with those taken during the
previous investigation "Programa de Rehabilitacion y Conservacion
de Puentes en la Republica de Chile" carried out by MOP/JICA in
1992/1993. The elevations taken at certain locations in the
previous investigation indicated substantial differences from
those in the current investigation especially between upstream
and downstream points on the deck, by as much as 20 cm
transversely, as well as longitudinally. The aim of the new
survey is to correlate the o0ld and the new information and
determine 1f pile settlements have taken place. (Refer to Fig.
8-7).
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8.4 Preliminary Structurél Evaluation
8.4.1 Stability of Existihg Bridge

{l1l) Superstructure

1) Structural Steel Girders

 The stability of the existing bridge may be examined by
calculation ugsing service load design method and AASHTO loading.
The calculations are carried out for the deck slab, steel girders
and foundations. Steel girder strength was calculated as a non-
composite section for dead loads, and in composite action with
the deck slab for live loads and other loads. The computations
were carried out using two cases of Live Loads (HS20-44 and HS15-
44, - _

The yield strength and the allowable stress of the steel
girder for (36A) steel are 2,400 kg/cm2 and 1,320 kg/cm2
respectively. Additional calculations were also carvied out for
8~ton lecading, currently being used as the load restriction on
the bridge. The stress levels of the main girder are tabulated
in Table 8-8. It is our understanding that shear connectors
(steel coils) were used by welding to the top flanges of the
girders, however, no drawings or evidence was available to verify
the presence of shear connectors so that composite action can be
agssured.

Table B-8 Stress Levels in the Steel Girders and Concrete

Slab
Carga Viva - o HS-20° H8-1h 8 ton

Secc1on Platabanda td (kgf/cn?) AT 1R ~.=1,885
no-compuesta | Superior 1 (kgt/ed) ,1_§§5 1,855 1,885
1 Total S70) . <3299 -2.639"

Platabanda fd (kgt/cn?) L4 L ME ] 41242

Inferor T Tket/er?) V.08 YISV ST

: Total . 4,488 BV +1.739
Seccion t glatabanda 1d (kgf/cm2) ‘ -1.249 -1.249 -1.249
no-conpuesta { Superior TRl T T T
Total - -Lbl LA L3

Platabanda fd (kaf/cn?) +1,204 - +1.204 +1.204

Inferior T (kof/or?) ¥9] o8 [ 10
: Total 12,001 11,802 +.,523
Losa de hormigon . fd (kgf/cn’) -15,4 154 -15,4
(en accion compuesta de viga) [T TkofferT 50 /0] 10
Total -60,4 4.4 -33,4

Legend: fd = Unit stress due to dead loads, |
fl = Unit stress due.to live load including inpact
+ = Denotes tension
- = Denotes compression
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It is noted that a critical condition is currently
prevailing. Under the 8 ton loading, the fiber stress in the
steel of the main girder due to dead load alone (1,885 Kg/om2)
is higher than the allowable stress of 1,320. Furthermore, under
the same B ton lcad, the combined dead and live load stress in
the steel girder (1,523 Kg/cm2 for composite. and 2,639 for non-
composite) substantially exceed the permissible unit stress of
1,320 Kg/cm2.

It appears that the stability 1s generated by the combined
action of the girders and the deck slab, and as a result the long
range service of the bridge is dependent on the progress of the
deterioration, particularly the cracks in the deck slab.

When the cracks increase, as the bridge deteriorates with
age, the girders will function as non-composite sections,
reaching yield stress levels and potential collapse. It is also
noted that these stress levels have not taken into account any
other normal bridge loadings, particularly seismic loads.

2) Reinforced Concrete Deck Slab

Table 8-9 below, shows the stresses in the concrete of the
deck slab under the same bridge loading indicated above.

Table 8-9 Stress in Deck Slab
{Unidad: kg/cn?)

Carga viva Ks-20 KS-15 8 ton
Tensin en la barra - .11 13,747 +2.521
Tension adnisible, fa +1,352 +1.352 +1,352
Tension de fluencia, fy _ R0 $2.700 1 742,700
Tension en el hornigdn =115 ~T5 -50
Tension adnisible del hormigdn -10 -10 -10
“+" denotes tension. "-" denotes compression,

~ From the above table, it is indicated that in all cases the
tensile stresses of the reinforcing steel in the deck exceed the
vield stress of the steel except for the case of the 8-ton live
loading.

The calculation of the reinforcement bar stresses were done
based on the data from the drawing prepared by MOP in 1955, The
drawing was prepared when the timber deck was being replaced by
concrete slab. The drawing shows that the 12 mm dia. bars were
arranged at 80 mm center to center intervals. The Study Team
could not confirm that the actual reinforcement bar arrangement
in the existing slab is the same as shown on the drawing.
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It is noted that the concrete compressive stresses under
restricted loading  are well within the allowable value.
Furthermore, the Schmidt Hammer tests showed results (262 to 279
kg/cm2, see Table 8-5). The concrete stress is close or higher
than the design allowable strength. '

3) Depth to Span Ratio of Steel Girders

All bridge codes as well as other structural codes have
limitations regarding the depth of the structural supports. These
restrictions are made to control deflections as well as to reduce
vibrations. It is noted that in the case of the existing bridge,
the depth/span ratio is 44/1530 or 1/34.77. This condition
contributes to higher deflections in the future particularly when
the deck deteriorates further.

The limitations of the AASHTO Specifications are 1/25 when
the combined depths of the girder and slab are used, and 1/30
when the girder depth is taken alone. These two parameters for
the existing bridge are 1/25.08 and 1/34.77 respectively.

(2) Substructure

The stability of the pier with cast-in-situ concrete piles
is verified as follows: '

70 tons
7 tons

230 tons per pile
2.5 x (10)6 tons/sq m.
0.049 m4d

Load from Superstructure Rd
. Rh
Allowable capacity of pile
Modulus of Elasticity
Moment of Inertia

[T T B

Table 8-10 External Force on Piers

v H Ml Ht

Superestructura 70,0 1.0 40,6 | 46,2

Pirotes 80,9 8,1 21,8 2.8

Total 150,9 15,1 62,4 88,0
donde, V: Carga vertical {tong. ) .
H Carga horizontal debido a sismos (ton

Ml:  Honénto longitudinal debido a sismos (ton.n)
Mt: Momento transversal debido a sismos (ton.m)

Table 8-11 Load on Piles

_ , Longitudinal Transversal : Rdmisiblé
Reaccidn vertical (t) 75,5 98,4 230
Homento en el pilote {t.m) 4,7 18,6 {Nota 1}
Desplazamiento (mm) 6,3 2,2 15

The allowable moment on the pile is not calculated because the details of reinforcenent
in the piles cannot be investigated. Due to the small computed displacement, it is assumed
that the pile is sufficiently strong. Therefore the stability of the pier appears adequate.

Yote (1) :
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8.4.2 Load Carrying Capacity

The load carrying capacity of BioBio Antiguo bridge can be
calculated by the following formula based on AASHTO.

P = RF*Po
RF = {fa-fd)/£1
where:
P = Load carrying capacity (ton)
Po = Basic live loading of 13.6 ton (HS15). and 18.1 ton

(HS20)

fd= Stress due to dead load (kg/cm2)
fa= Allowable stress of girder (kg/cm2)
fl= Stress due to live load including impact load (kg/cm2)

P = 18.1 (1,320~1,204)/797 = 2.63 ton +18.1 (H20-44)
P = 13.6 (1,320-1,204)/598 = 2.64 ton +13.6 (H15-44)
P = 8.0 (1,320-1,204)/319 = 2.91 ton + 8.0 (8 ton)

The values for RF are 0.145, 0.194 and 0.364 respectively.

According to the "Manual for Inspection and Maintenance of
Bridges, AASHTO 1978, a bridge shall require traffic control such
as weight or speed limitations of vehicles if RF is below 1.0.
The bridge, however shall be closed to traffic in the event the
load carrying capaclity is below 3 tons.

The Study Team is of the opinion that the stresses in the
steel girders are in between those under comp031te and non-
composite action.

A thorough evaluation of the carrying capacity of the bridge
can only be obtained after taking into account the stresses, the
design conditions, actual traffic of the bridge and its actual
physical condition. '

The load carrying capacity of this bridge is below 3 tons,
suggesting the need for the MOP tc take countermeasures related
to safety. See paragraph 8. 7 "Recommendations Regarding the
Existing Bridge". :
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