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Manzanillo Earthquake


8.0 Highway Systems 

The State of Colima has well-maintained roads that vary from cobblestone streets to limited-access 4 lane expressways. A toll road hugs the coast southeast of Manzanillo and then turns northward at Armeria and goes through the Capitol City of Colima on its way to Guadalajara as shown in Figure 8.1. Although in excellent condition, driving on this road was surprisingly expensive.  Federal roads are maintained by the Secrerario de Communicaciones Y Transportes (ISCT).  State roads are maintained by the Secretaria de Desarollo Urbano (SEDUR).  Local streets and roads are maintained by towns and cities.

An interesting characteristic of highways in Colima is that as they approach towns and cities, there are usually one or two speed bumps to remind drivers to slow down. Maintenance crews are constantly removing brush along the traveled way and cleaning out drains and culverts.  All the highways were asphalt and in good condition.

[image: image1.png]104°00"

COLIMA

Superficie: 5,455 km2 Poblacién Total 2000: 542,627* Hab.
+Segun los resultados defnivos del XiI Censo Generalde Poblacién y Vivienda 2000
Secretaria de Comunicaciones y Transportes
Direccion General de Planeacion
Subdireccion de Cartografia y Presentacion

1999

Putanarila

JdLisco
COLIMA

iy

Aneisgue DenToméz

s

SIMBOLOGIA

CARRETERAS

— P
— seoumdmiz Az
Dedcaries
Cuntad canies

— CuntaZ cariles Rinn de

Q copaserstan
T Cabecers Monicpal
D Foblacion

LIMITES

Ectata)
22 Mariipal s S Bt

HIDROGRAFIA

Ll st o s
Rise

Pl Py

© awwa:  10m snm
Coordonadas Geogrifices:
Cottnorts 0 S
Longiu Ooste 1528

conuMATLAY

Tesuaril

USGS Epicenter
(3

\ Crsisders

Com de otega

ESCALA GRAFICA

0 5 10
104°00"





Figure 8.1. Principal Highways in the State of Colima.

Highway bridges were well built, well-maintained, and well-designed with many seismic features.  Most bridges are constructed with precast girders superstructures on two-inch thick elastomeric pads and with multicolumn bents.   Longer viaducts have cast-in-place superstructures and bridges through steep canyons are segmentally-constructed.  Many older bridges have stone masonry pier walls, which are more vulnerable to earthquakes although they performed well during the January 21, 2003 event.
8.1
Seismic Bridge Design Criteria

Seismic bridge design in Mexico is similar or slightly better than that used in much of the United States.  Bridge designers use the latest version of the American Association of State Highway Officials (AASHTO) Bridge Design Specifications (BDS).  Newer bridges are designed with seismic features such as transverse shear keys, large seats, and ductile-columns.  

All of Colima, is located within the zone D (highly seismic) according to the manual for seismic design of the Federal Comission of Electricity (CFE), which is widely used in Mexico. The design spectra considers a pseudo-acceleration of 0.86 g for soft to hard soils, for structures with periods up to at least 0.6 sec, and 0.5 g for rock. These values are from the 1993 edition, and they were lower before. 

Figure 8.2 shows the USGS 475 year hazard map.  The entire State of Colima is in the highest zone for ground shaking with a peak ground acceleration (PGA) of 0.5g (5 m/s2).
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Figure 8.2. Colima 475 Year Seismic Hazard Map.
8.2
Highway Damage

The state of Colima becomes increasingly mountainous as one goes inland.  During the 2003 earthquake, large rockslides along these mountain passes closed several roads and highways.  There were also several locations where settlement of the roadway required minor repairs.  Table 8.1 and Figure 8.3 identifies the major locations of road damage.

Table 8.1. Damage to Roads and Highways from the Colima Earthquake.
#
Road/Section
Damage
Quantity

1
Colima - Guadalajara (Mex 54)  
Isolated landslides from km 3+900 to 26+800 with normal traffic.

The clean up of the landslides was finished by 18:00, January 23.
50 m3

2
Jiquilpan - Colima (Mex 110)
200      M3


Isolated landslides from km 189+600 to 220+000 with normal traffic.  The clean up was finished by 18:00, January 23.
200 m3

3
Colima  - Tecoman (Mex 110)


Major landslides from  km 16+000 to 26+000 along westbound lanes. Westbound lanes were closed and both directions of traffic used the eastbound lanes.  The clean up was finished by 18:00, January 23.
30,000 m3



Clogged ditch
15,000 m

4
Ramal La Salada 
Derrumbes aislae IsoI         ated Isolated landslides from km 0+000 to 8+800 with one lane traffic.

The clean up of the landslides was finished by 18:00, January 23.
500 m3     



Clogged ditch
8,000 m

5
Plaza Azul - Manzanillo 

(Mex 200)
Isolated landslides from km 239+000 to 328+500 with normal traffic.  

The clean up of the landslides was finished by 18:00, January 23.
300 m3

6
Manzanillo Freeway 
Isolated landslides from km 0+000 to 6+000 with normal traffic.

The clean up of the landslides was finished by 18:00, January 23.
200 m3

7
Manzanillo - B. de Navidad (Mex 200)
Isolated landslides from km 18+700 to 43+500 with normal traffic.
50      M3 Navidad          43+500, transito normal.

The clean up of the landslides was finished by 18:00, January 23.
50 m3

8
Manzanillo - Minatitlan (Col 200/Mex 98)
Isolated landslides from km  0+000 to 54+200 with normal traffic.
50      M3 Navidad          43+500, transito normal.

The clean up of the landslides was finished by 18:00, January 23.
600 m3

9
Carretera Tecoman - El Real
Longitudinal cracks approx. 10 cm wide.  Settlements in an area close to marsh lands.
-

10
Camino rural Cerro de Ortega   Narrow pass at km 2+100
Cracks are about 10 cm wide, both longitudinal and transverse.
-

11
Colima – Minatitlan (Col 8)
Many large and small landslides
-

12
Colima – Pueblo Jaurez (Col 56)
Settlement of roadway, especially at bridge approaches
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Figure 8.3. Locations of Damage to Roads and Highways from the Colima Earthquake.
8.2.1. Location #1: Colima to Guadalajara (Mex 54D)

Route 54D has many steep road cuts covered in gunite, slope paving, or with fencing (Figures 8.4 to 8.6).  However, these measures were largely ineffective at preventing earthquake induced rock falls although the fencing was able to preventing rocks from falling onto passing vehicles.
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Figure 8.4. Gunited Road Cut on Route 54D.
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Figure 8.5. Slope Paving on Route 54D.
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Figure 8.6. Fencing Used to Contain a Rockfall on Route 54D north of Colima.
8.2.2. Location #3: Colima to Tecomán (Mex 110)

A 120-meter long slide on the 110D toll road just north of Puente Lupita between Manzanillo and Colima closed the west two lanes of traffic for a day after the earthquake (N19( 04.73’  W103( 46.46’). The Department of Transportation put up concrete barrier rail and turned the four-lane highway into a two-lane road until the landslide could be cleaned up (Figures 8.7 to 8.10).
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Figure 8.7.  Landslide with truck-sized rocks on the Colima to Tecomán Road (Mex 54).
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Figure 8.8.  During the earthquake, a vehicle traveling on the Colima to Tecomán Road (Mex 54) was buried under a landslide.  Fortunately, the occupant was not injured.
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Figure 8.9.  Landslides continued to fall near La Salada after the earthquake.
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Figure 8.10. Landslide closes the westbound lanes of the Colima to Tecomán Road (Mex 54).

8.2.3. Location #5: Plaza Azul - Manzanillo (Mex 200)

Several small slides south of Manzanillo were immediately removed from the traveled way and were later removed from storm gutters as shown in Figure 8.11.
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Figure 8.11.  Road Crew Cleaning Gutter on Route 200 in Manzanillo.

8.2.4. Location #7: Manzanillo - B. de Navidad (Mex 200)

Rockslides were observed in the roadway and gutter north of Manzanillo (Figure 8.12). 
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Figure 8.12.  Rockslide on Toll Route 200 near Miramar (km posting 106).

8.2.5. Location #11: Colima to Minatitlan (Col 8)
Many small and large rockslides 100 km from the fault rupture closed parts of Route 8 between the City of Colima and the City of Minatitlan (from N19( 10.08’ W103( 48.76’ to N19( 21.91’ W103( 56.46’). There were longitudinal cracks in the road indicative of slides to the embankment material supporting the roadway (Figure 8.13).  However, most of the slides were earthquake-induced rock falls at road cuts (Figure 8.14).  These slides covered the traveled way with debris and had to be cleared after the earthquake.
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Figure 8.13. Longitudinal Cracks Resulting from Soil Failure under Roadway.
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Figure 8.14. Large Rockfall at Road Cut along Route 8.

8.3
Bridge Damage

Colima’s highway bridges had little damage because they are well designed for earthquakes and because they were a sufficient distance away from the epicenter.  Still, some minor earthquake damage did occur.  Many of the bridges had damaged shear keys on abutments and bents.  However, shear key damage can save bridge owners from the considerable expense of jacking the superstructure back in place after an earthquake.  The other main source of damage was to the bridge approach caused by compaction, lateral spreading, or out-of-phase motion between the embankment and the bridge.  This damage required bridge owners to put an asphalt overlay at the bridge approach to prevent cars from banging into the abutment backwall (Figure 8.15). Table 8.2 and Figures 8.16 to 8.18 identify bridges that were studied after the earthquake.

[image: image15.jpg]



Figure 8.15.  Repairing Bridge Approach on Colima Expressway.

Table 8.2. Bridges Investigated after the January 21, 2003 Colima Earthquake.
#
Puente (bridge) name
Rte
Lat.
Long.
Epic. dist. km
 Bridge Type
# Sp
Damage
Comments

1
Pedestrian OC
200
19 05.42'
104 18.85'
59.7
Steel Frame
2
none


2
-
200D
19 04.10'
104 16.21'
54.3
Precast I Girders
1
none


3
Panteones
200D
19 03.43'
104 16.19'
53.7
Precast I Girders
3
none
Two parallel bridges

4
La Ajuntes
200D
19 02.52'
104 15.58'
52.1
Precast I Girders
3
none


5
Tepalcates II
200D
19 00.67
104 14.76'
49.2
Precast I Girders
5
none
2 curved bridges

6
Tepalcates I
200D
18 59.85'
104 14.67'
48.7
Precast I & Slab
-
none
Highly skewed bridge over railroad

7
Salinero I
200D
18 55.52'
104 04.48'
29.2
Precast I & Slab
-
none
Over railroad (Overhead)

8
Salinero II
200D
18 55.61'
104 03.87'
28.2
Precast I Girders
1
none
Over highway (Overcrossing)

9
Palo Verdei II
200D
18 55.40'
104 03.50'
27.4
2 Box Culverts
1
none
Single box

10
La Tilapia
200D
18 55.08'
104 01.50'
23.6
Precast I Girders
1
none
Nice, wrap-around slope paving

11
Armeria II
200D
18 55.88'
103 59.02'
20.7
Precast I Girders
4
none
Overhead

12
Overcrossing
200D
18 55.75'
103 59.02'
20.6
Precast I Girders
2
none
Hammerhead bent w/ pedestals

13
Armeria I
200D
18 56.12'
103 56.41'
17.3
Precast I Girders
14
minor
Shear key damage

14
Overcrossing
200D
18 56.47'
103 56.07'
16.9
Precast I Girders
2
none


15
Pedestrian OC
200
18 56.68'
103 54.87'
15.9
1 Precast I Girder
1
none
On dropped bentcaps w/ zigzag ramps

16
Overcrossing
200
18 56.63'
103 53.95'
14.3
Precast Girders
2
moderate
Settlement and MSE walls distorted

17
Overcrossing
200
18 56.63'
103 53.95'
14.2
Precast Girders
3
moderate
Shear key and MSE wall damage

18
Zanja Prieta
200
18 47.23'
103 46.97'
6.7
conc. frame
1
minor
Cracks and spalls

19
Coahuyana
200
18 42.93'
103 42.87'
17.5
CIP T girders
13
major
Movement, settlement, and damage

20
Nuevo Armeria
110
18 57.14'
103 56.73'
18.8
Steel Girders
5
minor
Movement

21
La Grulla
110
19 03.88'
103 47.10'
25.4
2 R.C. Box Gdr
4
minor
Movement

22
La Lupita
110
19 03.92'
103 47.02'
25.5
2 R.C. Box Gdr
4
minor
Movement

23
Asmoles I & II
110
19 07.5'
103 46.5'
32.1
-
-
minor
Deck moved 4 cm.

24
PSV Ent Jiquilpan
54
19 12.77'
103 43.34'
42.8
Precast I Girders
6
moderate
5 cm settlement of approach, large cracks, and movement temporarily closed bridge.

25
PSFFCC Irapuato-Manzanillo
54
19 13.75'
103 42.40'
44.9
Precast I Girders
-
minor
4 cm settlement of approach.

26
PIPR Ramirez Villareal
54
19 14.20'
103 42.15'
45.5
Precast I Girders
-
minor
Cracks and spalls in shear keys and barrier rails.

27
PSV Gonzalo de Sandoval
54
19 14.60
103 41.80'
46.7
Precast I Girders
-
minor
Cracks and spalling of abuts, shear keys, and deck.  Cracks in ground by last span.

28
PIPR Universdad
54
19 15.00'
103 41.60'
47.5
Precast I Girders
-
minor
Shear key damage

29
Queseria
54
19 24.00'
103 35.00'
66.9
-
-
minor
Loss of cover in the bottom of the main deck in a section of 2 m by 0.15 m.

30
Barranca del Muerto
54
19 24.30'
103 33.50'
68.5
-
-
minor
Loss of concrete cover in an expansion joint between spans 1 and 2.

31
Las Grullas
54D
19 16.00'
103 40.00'
49.9
Precast I Girders
-
minor
5 cm settlement of approach.

32
PIV El Trapiche
54D
19 16.50'
103 39.00'
51.4
-
-
minor
Settlement of embankment, Cracks in retaining walls, shear keys, and barriers.

33
PIV Entroque Chiapa
54D
19 17.50'
103 38.50'
53.3
-
-
minor
Wingwall damage at Abutment 2.

34
El Cobana
54D
19 18.00'
103 38.00'
54.7
-
-
minor
Crack at right wingwall of abutment 1 and the retaining wall on the left side.  Cracks in the concrete-lined channel in shoulder in the access embankment and traffic barriers of access embankment 1.

35
PIV Ranchos y Canaverales
54D
19 18.50'
103 37.50'
55.7
-
-
minor
Settlement of approach.

36
Los Lobos
54D
19 22.88’
103 33.40’
65.6
Precast Girders
4
minor
Crack, approximately 2 mm wide in the cantilever section of the deck in span 4.

37
Barr. Del Muerto
54D
19 23.79’
103 32.68’
68.1
Precast Girders
4
none
-

38
La Yegua
54D
19 25.00
103 31.23'
70.9
Precast I & Slab 
5
none
-

39
San Marcos
54D
19 26.03'
103 29.53'
74.2
Precast I Girders
-
none
-

40
Viaduct Beltran
54D
19 26.53'
103 28.50'
75.6
R.C. Box Girder
3
none
-

41
El Tapon
54D
19 27.18'
103 28.37'
77.3
Steel Truss
1
none
-

42
Pialla
54D
19 28.06'
103 29.33'
77.5
R.C. Box Girder
3
none
-

43
El Platanar
54D
19 28.93'
103 27.28'
80.5
Precast I Girders
3
none
-

44
Acatas
54D
19 29.67'
103 26.73'
81.9
Precast I Girders
3
none
-

45
Los Hornos
54D
19 29.82'
103 26.65'
82.6
Precast I Girders
-
none
-

46
El Nuevo
54D
19 30.52'
103 26.59'
84.0
Steel Truss
4
none
steel approach span

47
Atenquique II
54D
19 31.02'
103 26.37'
84.9
R.C. Box Girder
5
none
-

48
Atenquique I
54D
19 31.59'
103 25.55'
86.4
R.C. Box Girder
5
none
-

49
Cuatro Caminos
54D
19 32.00'
103 25.00'
87.4
Precast I Girders
5
none
-

50
River Bridge
56
19 12.04
103 48.70
39.9
Precast I Girders
1
none
slight settlement

51
River Bridge
56
19 11.79'
103 49.58'
40.1
Slab Bridge
2
none
-

52
El Juarez
56
19 11.77'
103 49.87'
39.6
Precast I Girders
7
moderate
Abut Damage-Big Offsets

53
River Bridge
115
19 09.86'
103 54.18'
37.1
Steel I Girders
4
none
High skew, Rebar shear keys

54
River Bridge
115
19 10.41'
103 49.73'
37.2
Steel I Girders
1
none


55
River Bridge
115
19 10.45'
103 49.65'
37.1
Slab Bridge
2
none
Scary to drive over / by RR Bridge

56
Armeria
8
19 19.16'
103 49.15'
53.6
Precast I Girders
4
minor
Shear key damage (stone piers & abuts)

57
Rio Minatitlan
8
19 23 32’
104 03.70’
66.3
Precast I Girders
3
minor
Small, broken shear keys

58
La Caida
8
19 22.24’
104 05.26’
65.7
Precast I Girders
3
none
Tall, curved bridge

59
Rio Minatitlan
200/98
19 20.30’
104 06.56’
63.6
Precast I Girders
3
none
-

60
Limoncito
200/98
19 17.45’
104 09.28’
61.7
Precast I Girders
-
none
-

61
Overcrossing
200D
19 06.99’
104 21.14’
64.3
2 Precast Girder
2
none
-

62
Miramar
200D
19 07.36’
104 23.58’
68.8
Precast Girders
3
none
Exposed piles at west abutment

63
PIV Sin Nombre
200D
19 07.97’
104 19.85’
63.4
Cont. ( Girders
3
none
-

64
PIV de Tratamiento
200D
19 07.53'
104 18.93'
61.7
Cont. ( Girders
3
none
-

65
Jalipa
200D
19 05.77'
104 16.65'
56.6
Precast I Girders
1
none
Over unsurfaced road, embankment slid

66
PIV Minatitlan
200D
19 03.24'
104 15.12'
51.7
Precast ( Girders
3
none


67
River Bridge
-
19 12.16'
104 20.13'
68.0
Slab Bridge
8
none
Stone piers and abutments

68
Near Viaje Dam
100
19 08.54'
103 23.71'
55.6
CIP T Girders
3
none
Stone masonry piers and abuts

69
El Naranjo Bridge
110
19 09.86'
103 30.16'
48.8
Steel I Girders
3
none
Stone masonry piers and abuts

70
El Salado Bridge
110
19 11.66'
103 41.63'
41.3
Precast I Girders
4
none
Stone masonry piers and abuts
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Figure 8.16. Map Showing Location of Bridges (by the Number Given in Table 8.2) Examined after the Colima Earthquake.
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Figure 8.17. Map Showing Location of Bridge Damage (by the Number Given in Table 8.2) on the Colima Freeway.
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Figure 8.18. Map Showing Location of Bridges (by the Number Given in Table 8.2) Examined around Manzanillo.
8.3.1. Location #13: Armeria I Bridges.

Two 14-span precast I girder bridges on single-column hammerhead bents and seat-type abutments.  The bent caps have exterior shear keys, many of which were cracked or broken during the earthquake (Figure 8.19).  
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Figure 8.19. View of the Armeria I Bridges.
Damage indicative of large inertia forces occurred to the exterior shear keys at the abutments (Figures 8.20 and 8.21). During the earthquake the superstructure moved transversely, breaking off the shear keys that remained hanging from the reinforcement.  
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Figure 8.20.  Abutment Shear Key Damage.
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Figure 8.21.  Abutment Shear Key Damage.

8.3.2. Location #16 and #17: Two Overcrossings near Armeria
Near the town of Armeria (N18( 56.63’ W103( 53.95’), a two span and a three span overcrossing with mechanically stabilized earth (MSE) wingwalls and abutments suffered moderate damage (Figure 8.22).  The embankments moved out-of-phase with the superstructure, the MSE wall panels became distorted, the shear keys were damaged, and movement at the abutment expansion joints broke the curb (Figure 8.23 to 8.25).
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Figure 8.22. A Two-Span Overcrossing with MSE Abutments and Wingwalls (in the foreground) and a Three-Span Overcrossing with MSE Abutments and Wingwalls (in the background).
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Figure 8.23. Pounding Damage between Precast Girder and Wall Panel on Three-Span Bridge.
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Figure 8.24. Pounding Damage between Precast Girder and the Pedestal on the Two-Span Bridge.
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Figure 8.25. Movement between Bridge Deck and Embankment that Damaged the Curb on the Two-Span Bridge.

8.3.3. Location #19: Coahuyana Bridge.

This is a 14 span cast-in-place ‘T’ girder bridge supported by pierwalls and seat-type abutments (Figure 8.26) over the Coahuyana River just south of the State of Colima in Michoacan. The bridge was undergoing a retrofit at the time of the earthquake.
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Figure 8.26. Elevation and Section View of the Coahuyana Bridge.

The retrofit included exterior shear keys (Figure 8.27), exterior post-tensioning of the girders, and new, bigger foundations (Figure 8.28).  
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Figure 8.27. Pierwall Shear Key Retrofit.
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Figure 8.28. Foundation Enlargement with Additional Piles.

This retrofit was meant to address not only large earthquakes but also scour, higher truck loads, and to repair damage from the 1995 earthquake as shown in Figure 8.29.
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Figure 8.29.  Previous Damage to Foundation on the Coahuyana Bridge.

The retrofit was almost complete at the time of the 2003 earthquake and may have helped protect the bridge, but there was still quite a bit of damage including:

· Damage to the shear keys in all 13 piers (Figure 8.30).

· Displacements of about 10 to 15 cm at the expansion joints of spans 4, 11, and 12.

· Settlement of pier 12 of about 3 cm. Tilting in pier 9 of about 10 degrees.

Traffic was only moving on the right lane for all types of vehicles after the earthquake.  The contractors working on the bridge were asked to repair the damage.  A realignment of the spans was completed on Jan. 30, after which the bridge was reopened to traffic.
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Figure 8.30.  Coahuyana Bridge with Damaged Shear Keys after the 2003 Earthquake.

8.3.4. Locations #21 and #22: La Grulla and La Lupita Bridges.
These bridges are located just south of the big rockslide on Route 110. Both bridges have two parallel, continuous four-span, cast-in-place, box girder superstructures separated by a longitudinal joint and supported on monolithic, single column bents (Figure 8.31).  The main difference between the two bridges is that La Lupita has rectangular columns rather than the circular columns on La Grulla; reflecting a slightly wider superstructure.  The seat type abutments for both bridges are stepped to accommodate the large superelevation of the decks.  Out-of-phase motion at the abutment expansion joints caused minor cracks and spalls to the ends of the superstructure and to the abutments (Figure 8.32). Although minor, this shows the type of damage to well-designed bridges that occurred at a distance of about 25 km from the fault rupture. 
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Figure 8.31. La Grulla Bridge.
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Figure 8.32.  Cracks and Spalls at the Stepped Abutment of La Grulla Bridge.
8.3.5. Locations #24: PSV Ent. Jiquilpan
This is a common interchange in Mexican cities. It includes a traffic circle under a freeway undercrossing with on-ramps and off-ramps on the approach embankments.  This bridge is a six-span precast I girder superstructure on multicolumn bents and seat-type abutments.   The bridge showed signs that it had undergone large displacements during the earthquake.  Many of the shear keys were broken (Figure 8.33), there were cone-shaped depressions in the soil surrounded the columns (Figure 8.34), and the approach embankments had settled.  It was fortunate that this bridge was 42 km from the epicenter or more severe damage may have occurred.
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Figure 8.33.  Eastern Abutment with Broken Wingwall.
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Figure 8.34.  Soil Movement Surrounding Columns.

8.3.6. Locations #52: El Juarez Bridge over the Armeria River
At many bridges, there was embankment settlement of up to 10 cm requiring an overlay of fresh asphalt.  This occurred to one of the Armeria crossings (Puente Juarez) on Route 56 near Coqimatlan.  This bridge has seven simple spans on pierwalls and seat-type abutments (Figure 8.35).  The abutments are similar to the previous two bridges: built more like bents with tapered columns and with no approach slabs.  

The wingwalls originally sloped backward to retain the embankment, but during the earthquake one of the wingwalls was broken (Figure 8.36) due to large out-of-phase motion between the abutment and the approach embankment and also, a lot of embankment material slid between the abutment’s legs.  This bridge had moderate transverse movement of the simple spans over pierwalls without shear keys.
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Figure 8.35.  El Juarez Bridge over the Armeria River.
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Figure 8.36.  Eastern Abutment with Broken Wingwall.
8.3.7. Locations #47: Puente Atenquique II
There was no damage to bridges more than 70 km from the epicenter.  Route 54D has several long-span bridges crossing steep canyons in the mountains north of Colima but they showed no signs of damage.  Figure 8.37 is a photo of Puente Atenqique II, a 440 meter long, continuous five span, cast-in-place box girder bridge about 85 km from the epicenter. This bridge, like several others on Route 54D, has columns that are about 50 m tall and that support the superstructure on pot bearings.  There was no sign of damage or movement to any of these bridges.

[image: image37.jpg]s





Figure 8.37.  Puente Atenquique II.
8.4  Conclusion

During the 2003 Colima earthquake, rockslides closed roads but quick action by maintenance crews and contractors reopened them within a few days.  Similarly, superstructure movement and embankment settlement resulted in several bridge closures but they were also quickly reopened.

Although there was a lot of building damage and many landslides, bridges suffered relatively little damage.  This suggests that highway bridges designed to AASHTO Specifications during the last thirty years have adequate resistance for a Magnitude 7+ earthquake with an epicenter about 20 km from the site (unless there are soil problems or other extenuating circumstances). The most seriously damaged bridge was Puente Coahuyana, which was 17.5 km from the epicenter.  There were several bridges closer to the epicenter, but they suffered only minor damage.

Most bridges had external shear keys and large rubber bearings, suffered no damage to columns or pierwalls, and appeared to be well-designed for earthquakes.  Still, it is fortunate that the earthquake did not occur closer to the City of Colima where there are more bridges and where more bridge damage occurred during the earthquake.  








