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�Suggestions for Earthquake Disaster Countermeasures in APEC Ports

(2nd Draft)



Objective

Suggestions for earthquake disaster countermeasures in APEC ports, which indicate the technical standards for port and harbor planning and development against earthquake disasters, are prepared with the following objective:

To safeguard the maritime container trunk line networks in the APEC region by providing earthquake disaster countermeasures.





Current Japanese Guidelines

The current Japanese Guidelines, which stipulate the basic policy on construction and reinforcement of facilities to cope with large-scale earthquakes in ports and harbors, will be used as a springboard for proposing guidelines which can be applied to all of the APEC economies.

In summary, the three fundamental points can be identified in the Japanese Guidelines.

Points (1) and (3) will not be detailed because they are not related to container shipping.



Anti-earthquake reinforcement of facilities

(which are indispensable to maintain maritime transport of emergency supplies and evacuees immediately after earthquake disasters.)

Inland transport facilities such as railway, railroad or road may lose their functions even if they suffer only partial damage, but maritime traffic can continue to function unless wharf facilities in a port are damaged. In addition, many ports and harbors in Japan are located closer to the downtown areas and maritime traffic has been utilized for transportation of the emergency supplies in past earthquake disasters in Japan.



Maintaining the foundation of trunk line cargo transportation

Maintaining the function of trunk line cargo transportation to mitigate the impact on social and economic activities.

The 1995 Southern Hyogo Prefecture Earthquake brought tremendous damage to the 24 ports and harbors in Hyogo, Osaka and Tokushima Prefectures. Most of the wharves in the port of Kobe, one of the Japan?s major container ports, suffered serious damage with the exception of the earthquake-resistant berths. It became almost impossible to handle international maritime container cargoes. Therefore, these cargo handling works were forced to shift to other ports in Japan and in neighboring countries. In this context, this earthquake caused serious impacts on social and economic activities not only in the Hanshin-Awaji area but throughout Japan and overseas as well. Accordingly, it is considered essential to maintain the function of the trunk line cargo transportation. In Japan, a certain number of berths in container terminals in 4 gate-way ports and 8 subsidiary gate-way ports are to be rebuilt as earthquake-resistant berths. 



Securing the disaster prevention shelter base and open space for refuge

During the restoration works in the stricken areas, open spaces in the port areas were utilized for temporary facilities such as temporary housing sites, bases of repair works and temporary stock yard or disposal site. Nevertheless, open spaces were not sufficient in order to meet the demand in view of scale and function. As a result, it has been planned to secure more open space to serve as shelter bases in the event of disasters.





Suggestions for earthquake disaster countermeasures in APEC ports

	(Outline)



Arrangement

Target area

a)	Japan: whole country

Japan is located closer to the interface among tectonic ocean plates such as North America Plate, Pacific Ocean Plate, Eurasia plate and Philippines Sea Plate and active faults are distributed over the whole country.



b)	[APEC region]: Pan Pacific Coastal Area; Japan, Philippines, Hawaii, West  

	Coast of North America and West Coast of South America.



Target ports and harbors

Japan: 4 gate-way ports (Tokyo-Yokohama, Nagoya, Kobe-Osaka and Kitakyushu-Hakata area) which handle large volumes of container cargo and 8 subsidiary gate-way ports which are next to gate-way ports for container handling. 



[APEC region]: ports which have large volumes of cargo handling or hub ports and other main ports on the trunk line route of container cargoes. Feeder berths in hub ports are also included.



3)	Facilities to be developed 

Anti-earthquake reinforced wharves

Dock road

Yard, parking lots



4) 	Number of facilities to be required

A certain number of facilities are needed to remain functional to support the trunk line transport of cargoes in the event of a large-scale earthquake. Number? of facilities to be required is calculated subject to container handling capacity in neighboring ports which would be substituted for damaged ports, economic size of the hinterlands and recovery periods for damaged berths. For reference, in case of major container ports in Japan, approximately 30% of all facilities in each area should be rebuilt as earthquake-resistant berths on the assumption that it takes 2 years for complete restoration.



(2) 	Design

1) 	Major earthquake to be considered in the design

The earthquake-resisting capacity to be required for each facility should be secured not only in case of the largest earthquake experienced in the area estimated in plans* for local disaster mitigation but major earthquakes with vertical shocks. In designing, the aim is to restore facilities damaged by large-scale earthquakes as quickly and easily as possible. 



	*[Plan for local disaster mitigation]

Under the Disaster Countermeasures Basic Act, prefectural governments have responsibilities to secure the citizens’ lives and property from natural disasters. The plan includes establishment or improvement of facilities and equipment for countermeasures against disasters, survey and research for disaster prevention, education of disaster prevention, disaster- fighting drills, announcement of earthquake forecasting and warning, emergency policies against natural disasters and disaster restoration works.

Concretely, our goal is to correspond to level 1and 2 of earthquake ground motion.



Technical standard and seismic design method

Following the 1995 Southern Hyogo Prefecture Earthquake, technical standards and seismic design method for the port and harbor facilities in Japan were amended. Main subjects are as follows.



Examination of the transformation of the structure and soil foundation to the level 2 to earthquake motion

New technique for Liquefaction prediction and determination which consists of the change of the maximum acceleration in the foundation, new design charts on equivalent acceleration and equivalent N-value and so on.

The modified seismic coefficient method for the seismic design method at the pier



The design concept for the anti-earthquake reinforcement facilities is to introduce information on the performance of a structure. In this design, earthquake ground motion should be properly defined. Two levels of earthquake motions (Level 1 & 2 earthquake motions) are used as reference earthquake motions to take into consideration the occurrence probability of earthquakes. 

  

Level 1: to secure soundness of facilities against earthquakes (Level 1 earthquake ground motion) which occur with a high probability (75 years return period) during lifetime of the facility(50 years). In the event of such an earthquake, facilities will be safe under the former design conditions at least on a structural mechanics basis.



Level 2: to secure the function of facilities to be expected for large-scale earthquakes (Level 2 earthquake ground motion) which have a low probability of occurring (100 years return period). In the event of such an earthquake, damaged facilities can be promptly and easily restored. 



 Facility scale to be required

Anti-earthquake reinforced wharves

	Subject to the design criteria of each economy.



Access road

	It is necessary to have in mind that not only port infrastructure but the access road including tunnels and bridge should be earthquake-resistant.



In the event of a large-scale earthquake, traffic capacity must be sufficient to support the trunk line transport of cargoes until the restoration works are complete.

Access road, which will remain functional immediately after earthquake disasters, is planned to connect with the trunk line road networks.

Subject to the design criteria of each economy concerning the planning of the access road.

Earthquake-resisting capacity of bridge girders are strengthened.

Measures for the road foundation are taken against liquefaction in case that long term restoration works at road along revetment will be 

 anticipated due to the liquefaction. 







�APEC 16th TRANSPORTATION WORKING GROUP MEETING

7th meeting of Port Experts Group

Theme 6: Natural Disasters and Damage Prevention Measures 

Discussion Paper

Summary of the questionnaire?Revision 1?

Economy�Reply�Kind of disaster�Notes�Page����Earthquake�Tsunamis�Heavy winds�Violent waves����Australia�?�����No disastrous experience, and no measure���Brunei Darussalam�?�����No disastrous experience, and no measure���Canada�?�����No disastrous experience, and no measure���Chile�?�?�?���Details are attached.�?��Chinese Taipei�Not yet��������Hong Kong�?���?��Details are attached.�?��Indonesia�Not yet��������Japan�?�?����Details are attached.�13��Korea�?�?��?�?�Details are attached.�14��Malaysia�Not yet��������Mexico�Not yet��������New Zealand�Not yet��������Philippines�?�����No disastrous experience, and no measure���PRC�Not yet��������Singapore�?�����No disastrous experience, and no measure���Thailand�Not yet��������USA�?�



?�



?�



��Details are attached.



(1) Port of Anchorage�



15������?(hurricane)�?(hurricane)�(2) South Carolina State Ports Authority (Port of Charleston)�16������?(hurricane)�?(hurricane)�(3) The State of Hawaii (Port of Honolulu)�17����?����(4) The Port of Los Angeles�18����?����(5) The Port of Long Beach�19������?(hurricane)�?�(6) Miami-Dade county Florida Seaport Department (Port of Miami)�21������?(hurricane)�?(hurricane)�(7) Alabama State Docks Harbor Master (Port of Mobile)�21����?����(8) Port of Oakland �22���

Answers to the 1st questionnaire (Revision 1)



?Chile

Q1:Experience of  

Damage in last 

20 years�¥The Port of San Antonio was damaged by the earthquake on 3 March, 1985.



¥The scale of disasters is as follows:

Magnitude: 7.8 Richter

Horizontal acceleration:	0.434g.

Vertical acceleration:	0.667g

(Tsunami) 	Max. wave height at the port:	3.4m (March 1985)

	Max. wave height at Hawaii (Hilo):	0.48m

¥Number of berths before disaster: 7 for general cargo, including two for                       container use.

 Number of damaged berths: 3 collapsed and 4 with ground and pavements settlement.

¥Amount of port damage:	US$15 million (estimated)

 Amount of port recovery:	US$39.21 million (estimated)



¥As for cargo volumes from 2 year before to 2 year after, it has not been possible to obtain the data because of the elapsed time from 1983 up now. So total container cargo data available in San Antonio Port is as detailed. As an actual reference, the 1998 data has been added.



Exterior Commerce Containerized Cargo

		1983	1984	1985	1986	1987	1998 

(seism)

TONS	123,521	203,661	125,232	93,580	102,990	3,165,504

TEUS	12,514	20,632	12,688	9,481	10,434	338,370



 (From 1983 up to 1987, TEUS have been estimated upon a 9.8705 TON/TEU  

 measured from 1991 up to 1998, because cargo data is recorded only in tons.) 



¥There is not available data about shipping lines or liner services in San Antonio

 Port in the involved period.



¥Data of damaged berths are as follows:



Name	Depth	Length	Date of recovery

Berth 1 Sur	-10m	80m	1994 (-12m depth)

Berth 2	-10m	235m	1994 (-12m depth)

Berth 3	- 6m	250m	1995 (-12m depth) ��Q2: Any measures  

against the

natural disasters  �¥Present number of international container berths:

	(Valparaiso) 3 berths	(San Antonio) 2 berths

¥Present number of disaster-resistant international container berths:

	(Valparaiso) 3 berths	(San Antonio) 1 berths

¥As for a plan on development of disaster-resistant international container  

 terminals, ports recovery and new designs are recommended to resist at least    

 an earthquake like the 1985 San Antonio case for one or more berths. The plan 

 includes:

 /Objective disaster of the plan: A magnitude 7.9 Richter earthquake

 /Target date of the plan: year 2000

 /Target number of the berths: (Valparaiso) 3 berths	(San Antonio) 2 berths

 /Target number of the resistant-berths: (Valparaiso)	3 berths

	(San Antonio)	1 berth��Q3:Technical   

Standard for the 

Disaster-resistant   

container terminal�As reconstruction works are recently finished, no additional berths are considered as necessary at least up to year 2000. In that case, planning and decision will run on the part of the new autonomous state ports derived from the ancient state “Empressa Portuaria de Chile”; it is not believed this situation to change sustancially at least up to next five years, specially because a better use of technology which is expected to increase the state ports performance before to construct new berths.

In San Antonio Berths 3-2 and 1 Sur, the following method was used: Generally, the Static Analysis is used, taking into account two perpendicular, not simultaneous, directions at least. The solution for the over piles deck is analyzed through the Dynamic Method. In the Static Analysis case, seismic forces are distributed in the resistant elements proportionally to their rigidities and taking into account the horizontal bracing system. Seismic coefficient (C) depends upon the structure type: 



General structures	C = 0.15

Contention structures, Berth 	C = 0.25

Contention structures, Berth 2	C = 0.20

Fixed Equipment Supports	C = 0.50

Container Cranes – Horizontal	C = 0.20

Container Cranes – Vertical	C = 0.10



Structure level torsion must be considered.



In the Dynamic Analysis the following acceleration spectrum has been

considered.



Berth 3:	a) Tn # To :	a / g = 0.25

	b) To # Tn # 3To :	a / g = 0.5Tn?To/(Tn2 + To2)

	c)3To ? Tn :	a / g = 0.15



Berth 2:	a) Tn # To :	a / g = 0.2

And 1 Sur	b) To # Tn # 3To :	a / g = 0.4Tn?To/(Tn2 + To2)

	c)3To ? Tn :	a / g = 0.12



Where 	To =0.30sec.

	Tn = vibration period in seconds of n mode

	a/g = acceleration spectrum.



The necessary modes number is considered so as the equivalent mass must not 

be less than 95% the total mass, with a minimum modes number equal to 3.

In Valparaiso Port, the three berths were calculated for the same big seismic 

condition, as berth 3 in San Antonio Port.



These Standards match with 7.9 Richter Magnitude, approx. (Berth 3)

Normal Design Standards correspond to a 7.6 Richter Magnitude, approx.

(= Berth2).



Assumed disaster scale is 7.9 Richter, and assumed ordinary scale is 7.6 

Richter. Upon seismic statistics in Chile, with an average occurrence of 82 + 6 

years for earthquakes of great magnitude (Kausel, “The March 1985 Chilea      

Earthquake”). The 1985 earthquake was one of the most strong earthquake in 

the Chilean coast, this century. 

 ��Q4:Possibility of  

  revising plan 

  and standards� Revision of the plan is not under schedule because of the recently reconstructed  

 berths and because in the next future the new state autonomous ports will be in  

 charge of their own construction plans.

��Q5:Financial        

  scheme for the     

  recovery� By now there is not a special financial scheme. As state ports are recently  

 constituted, their correspondent plans must be independently elaborated and 

 realized in each port.��

























�



?Hong Kong

Q1: Experience of    

Damage in last 20  

Years�¥In the past 20 years our only experience was that in summer,1979 two of the  

 IHI quay cranes at one of the international container terminals (Kwai Chung 

 Container Terminal) were slightly damaged (distortion of the boom) by strong 

 winds during typhoon “HOPE”.

¥No exact information on scale of disaster. Gusts about 200 km/h.

¥The number of damaged berths is 1(crane at berth) of 7 berths.

¥No information on amount of damage and recovery.

¥No information on cargo imported and exported.

¥There was no change to liner services before the damage and after the damage.

¥The damaged cranes were installed at the berth of Honkong International Terminals. The depth was 12.2 metres. The total length of the three berths at the terminal was 881 metre. The damaged cranes were repaired within a short period of time.��Q2: Any measures    

against the natural   

disasters �¥We do not categorize the international container terminals into “disaster-resistant” or “ordinary” types. All buildings marine structures for the terminals are designed and built to standards stipulated in the Port Works Manual and the Code Practice on Wind Effects. References are also made to other documents such as BS6349 “Code of Practice for Maritime Structures” and Shore Protection Manual published by the US Coastal Engineering Research Centre. Environmental loads which may act on the marine structures arising from natural phenomena such as winds, tides, currents, waves and earthquakes have to be taken into account in the design process.



¥Our present 8 container terminals are designed for a 50-year design life and to withstand environmental loads of return periods of 100 years. For wind pressure the standard is 3.0 Kpa under extreme environmental conditions, corresponds to a gust of about 70 metres per second (136 knots). As for violent waves, the wave loads on berth structures are calculated using maximum wave height equal to 1.9 time the significant wave height, having a return period of 100 years.



¥The earthquake loading is considered non-critical in relation to the combined effects of other imposed loads. Though earthquake load is non-critical, possibility of liquefaction of filling materials needs to be investigated.



¥Our next terminal is Container Terminal 9 with 6¥berths. Design works are now in progress. The design standard will be as stipulated in the codes and manuals mentioned above. (The design requirements* are shown in the Annex.)     ��Q3:Technical        

  Standard for the     

  disaster-resistant      

  container terminal���Q4:Possibility of     

Revising plan and 

standards�¥At present there is no plan to revise the design criteria (for “disaster resistance”) of container terminals. However the design parameters, such as wind speed and water level, will be updated regularly based on information from the Hong Kong Observatory.

��Q5: Financial scheme   

  for the recovery�The container terminals are all privately owned. There is no special financial scheme in place for recovery of damages caused by the 4 kinds of disasters.��

*Design Requirements for Marine Structures



2-1	General

Design shall be carried out generally in accordance with the Port Works Manual, BS6349 – Maritime Structures, Shore Protection Manual and where relevant the Building (Construction) Regulations.

All permanent edge structures shall be designed to withstand environmental loads corresponding to a return period of 100 years and shall also be designed for a life of 50 years.



2-2	Design Requirements

2.2.1	Container Terminal Quay Deck

	Design shall be based on,

(1)	Design life to be 50 years.

(2)	Dredged level to be –15.65mPD to a distance 1.0m inside cope line 

(3)	Distance from centerline of seaside rail to cope line to be 3.0m.

(4)	Fall to be 1:100 across the deck toward the cope line.

(5)	Structure to be suitable for 60,000 DWT vessels berthing at 0.15m/s at full loaded displacement.

Fenders and bollards to be provided. Bollards with a minimum working load of 100 tonnes to be provided to suit container vessel berthing requirements.

Live load on deck	-50kPa

	-3-tier high container stacking

(8)	Vehicle load on deck	-HA loading 

	-45 units of HB loading

	-40T forklift truck

	-Mobile crane as appropriate to the intended operation.

(9)	Live loading surcharge immediately behind quay deck to be 30kPa which corresponds to 5 tier high container stacking

(10)	The structure shall be designed to carry loading from a rail mounted container crane capable of lifting and handling a 40 tonne container box from a Post-Panamax (Fourth Generation) container ship. Specially strengthened points shall be provided where cranes can be secured during typhoons. Cranes and other equipment shall not exceed the relevant aviation height restrictions.



2.3.3	Loads

2.3.1	Dead Load

	Density of reinforced concrete	= 24.5 KN/m3

	Density of steel	= 78 KN/m3

2.3.2.	Superimposed Dead Load

40mm thick bituminous surfacing to container terminal quay deck = 1.0 KN/m2 weight of services, fenders, bollards etc. to be evaluated separately.

2.3.3	Live Load

Live loads as subdivided in Clause 47.2 of BS 6349; Part?: 1984 into the categories of cyclic, impulsive, random, and static and long term cyclic loads shall be considered in the design.

2.3.4	Soil Load

The disturbing forces from soil and dead weight of soil shall be assessed based on strength characteristics of the in-situ soils and the proposed filling materials.



2.3.5	Wind Load

Where relevant wind loads shall be based on the Building Regulations and C1.2.4.10 of C.E.Manual.



2.3.6	Wave Load

Design waves to be determined using the Shore Protection Manual in combination with the Port Works Manual Wave loads revetments to be calculated using the average of highest 10% of waves (H10) equal to 1.27 times the Significant Wave Height (HS) in accordance with the Port Works Manual.

Wave loads on berth structures to be calculated using average maximum wave height equal to 1.9 times Hs in accordance with the Port Works Manual.



2.3.7	Temperature Load

Temperature load effects should be calculated assuming a coefficient of expansion of 9?10-6 per ? for the concrete. Temperature loads can be assessed in accordance with C14.8 of the Port works Manual.



2.3.8	Container Stacking Load

The following container stacking loads will be assessed.



	Corner

Stack height	 Equivalent UDL 	 for Single Stack

	(No. of Containers)	(KN/m2)	(KN) 

	1	12.5	75

	2	25	135

	3	30	180

	4	35	210

	5	37.5	225



Note: Loads extracted from “The Structural Design of Heavy duty Pavements for Ports and other Industries” by British Ports Association, 1983. Assume corner casting measure 178 ? 162mm.

2.3.9	Earthquake Load

Not to be considered; possibility of liquefaction of filling materials to be investigated.



2.3.10	Berthing and Mooring Load

Berthing reactions to be calculated in accordance with the Port works Manual. Accident loading (100% berthing energy) to be considered on all structures.

Up to two fenders may be fully loaded simultaneously.

Assumed berthing angle	= 60, container vessels

	100, lighter vessels

Maximum bollard pull to assume capacity of bollard.

Maximum angle to horizontal of bollard pull is 600 for container berths and 300 elsewhere. 

All mooring loads shall be assumed to act simultaneously to give the most advance effects. 







�?Japan

Q1: Experience of 

Damage in last 

20 years�¥The Port of Kobe was damaged by the earthquake on January 17, 1995.

¥The scale of disasters is NW 502gal, UD283gal.

¥Number of berths before disaster: 21

 Number of damaged berths: 21

¥Amount of port damage: 

 Amount of port recovery: JP\421.6 billion 



		1993	1994	1995	1996	1997

 Cargo imported(TEU)	1,242,850	1,350,427	675,043	1,036,726	984,394 

 Cargo Exported(TEU)	1,260,146	1,354,499	670,111	1,035,589	959,814



¥As for liner services before damage: 19 shipping carriers

    APL, MOL, OOCL, COSCO, YML, HMM, MSK, SK, KL, NYK, NOL,  HL. P&O, TSK, HJS ECL, WILHEMSEN LINE, FMG, K LINES, TRANSPORTATION MARITIME MEXICANA SA

    (North America 25, Europe 15, South East Asia 31 etc.)

¥After damage:

    North America 23, Europe  9,  South East Asia 41 

¥Data of damaged berths are as follows:

 Name	Depth	Length	Date of recovery

 RC-3S	14	350	96.6.28

 RC-4	14	350	97.3.17

 RC-5	14	350	96.5.20

 RC-6	14	350	96.4.29

 RC-7	14	350	97.3.27��Q2: Any measures 

Against the     

Natural disasters �¥Yes.

¥Present number of disaster-resistant international container berths is 5.

¥Target number of disaster-resistant international container berths is about 30% 

 of all international container berths.��Q3:Technical 

standard for the  

disaster-resistant 

container terminal�¥ (kind of disaster) earthquake

¥(Scale of assumed disaster for resistant berths) return period hundreds of years  (it depends on plans for local disaster mitigation.)

¥(Scale of assumed disaster for ordinary berths) return period 75 years

¥(The reason why the scale of the disaster is assumed)  

Return period as parameter is put so that the probability of serious earthquakes will be 50% during 50 years (the legal lifetime of facilities). ��Q4: Possibility of  

revising plan  

  and standards�N/A��Q5:Financial 

scheme for the 

recovery�Basically, 66.7% of disaster restoration cost are covered by grants from the central government. (80%: in case of isolated islands, more than 90%: in case of serious disaster)��

�? Korea

Q1: Experience of 

  Damage in last 

  20 years�No severe damage, but just minor damage��Q2: Any measures  

  against the 

  natural disasters �(2-2) Plan for winds and waves, earthquakes(presently working for setting the detail technical standard)

(2-3) We do not have the plan on target number of disaster-resistant berths, but all port facilities including container terminals should be designed to endure the heavy winds and violent waves expected with a return period of about 50 years in general at the distract.��Q3:Technical 

standard for the  

disaster-resistant 

container terminal �(3-2) Waves and winds, earthquake(under construction)

(3-3) A return period of about 50 years against winds and waves. With regard to an earthquake, average return period of 100 years in Operating Level Earthquake(OLE) and 1,000 years in a Contingency Level Earthquake(CLE) as the requirement for the Earthquake Resistance Level ?Structures, and average return period of 50 years in a level of OLE and 500 years in a level of CLE as the requirement for the Earthquake Resistant Level? Structures.

We are now working for preparing the seismic guidelines for ports, which will be completed on March 31, 1999.

(3-4) A return period of about 50 years against winds and waves.

(3-5) For the winds and waves, it is set by considering the life cycle of a structure. In the case of earthquake, the basic standard is set by the national standard on earthquake resistant structures.��Q4: Possibility of 

  revising plan 

  and standards�N/A

��Q5:Financial 

  scheme for the 

  recovery�We do not have a special financial scheme on the recovery of an international container terminal damaged by the four kinds of disasters, but, if the damage will happen, we can recover the facilities instantly by using other national recovery fund prepared for the case of happening disasters or other fund which is for constructing port facilities. ��













�?U.?.?(Port of Anchorage)

Q1: Experience of 

  Damage in last 

  20 years�The 1964 Alaska quake was the largest ever-recorded in North America with a magnitude of 8.4 on the Richter scale. The resulting damage was extensive. The south-central Alaska ports of Valdes, Seward, Whittier and Kodiak were devastated, not only quake damage but also from the resulting tsunami. Ships at sea traveling to those ports were diverted to the Port of Anchorage.



Fortunately, the Port of Anchorage suffered only minor damage in 1964 and was returned to full operation within 72 hours. This is attributed to the design, engineering and construction methods used in building this port. Our port expansion has continued to meet and exceed all earthquake seismic standards and other applicable codes found in the Uniform Building Codes as they apply to the Alaska Region/Zone. The Port of Anchorage is constructed on a forgiving geologic foundation and is located at the end of Cook Inlet some eight to twelve hours sailing time from the open ocean. This Inlet is wide and fairly shallow. For these reasons, tidal waves and tsunami that usually follow large earthquakes would dissipate before impacting the Port of Anchorage.



It was this act of nature (1964 quake) which destroyed other south-central Alaska ports, that put the Port of Anchorage on the map. Besides ships being diverted to Anchorage, our port became the staging area for the rebuilding of earthquake damaged Alaska. Massive amounts of construction equipment and materials were shipped through this port. The small city dock built in 1961 was well on its way too becoming Alaska’s Regional Port, the Port of Anchorage. Since that time, cargo volumes have increased each year. Today, the Port of Anchorage serves over 80% of the states populated area, is rated as one of the most efficient container ports on the west coast and is listed as one of the top twenty container ports in North America.



We believe the key to a ports ability to survive a major natural disaster, is the design and construction standards which are met when originally built. This high construction standard must be followed by rigorous and aggressive property and facilities maintenance and upgrading programs to insure that all seismic standards continue to be met at the port location.



We had no experience with heavy winds, hurricane or violent wave disaster.     ��Q2: Any measures 

  against the   

  natural disasters ���Q3:Technical 

standard for the 

disaster-resistant 

container terminal���Q4: Possibility of 

  revising plan  

  and standards���Q5:Financial 

  scheme for the 

  recovery���

�

??.?.?(Port of Charleston)

Q1: Experience of 

  Damage in last 

  20 years�¥The Port was damaged by the hurricane on September, 1989.

¥The scale of disasters is 130 MPH

¥Number of berths before disaster:	15

 Number of damaged berths:	1

¥Amount of port damage:	US$15 million

 Amount of port recovery:	Total Recovery

¥	1988	1989	1990	1991

 Cargo imported(TEU)	645,400	798,366	785,686	807,186 

 Cargo Exported(TEU)

¥Approximate 30 shipping lines are available in the port. The event did not affect the number of liner services.

¥Data of damaged berths are as follows:

 Name	Depth	Length	Date of recovery

 CST#1	40’	1,000’	30days later��Q2: Any measures 

  against the 

  natural disasters �¥Objective disasters of the plan are earthquakes and hurricanes.

¥Present number of international container berths is three.

Present number of disaster-resistant international container berths is 

four.

¥Target date of the plan is subject to construction of the new facilities.

¥Target number of the berths : all future.

¥Target number of the resistant berths : all future. ��Q3:Technical 

standard for the 

disaster-resistant 

container terminal�¥Scale of assumed disaster for resistant berth: 110 MPH hurricane

                                     Zone 2 earthquake

¥Scale of assumed disaster for ordinary berth: the same as above.

¥The reason why the scale of the disaster is assumed: concurs with 

 standard building code��Q4: Possibility of 

  revising plan   

  and standards�N/A��Q5:Financial 

  scheme for the 

  recovery�Insurance��













�??.?.?(Port of Honolulu)

Q1: Experience of 

  Damage in last 

  20 years�¥The Port was damaged by the hurricane* on September 11, 1992.

¥The scale of disasters: 4 

¥Number of berths before disaster: 5

 Number of damaged berths: 2

¥Amount of port damage:	US$292,500 (estimated)

 Amount of port recovery:	US$142,000(actual cost)

¥	1991	1992	1993 (fiscal year: July to 

		June)

 Cargo imported(TEU)	5,710	6,809	11,976

 Cargo Exported(TEU)	748	2,031	3,953



¥Sipping lines: NYK, P&O, Blue Star Lines, K Line, SPI

¥Data of damaged berths are as follows:

 Name	Depth	Length	Date of recovery

 Pier 1	39 ft	1,266 ft	9-28-93

 Pier 2	34 ft	1,779 ft	5-13-94��Q2: Any measures   

  against the 

  natural disasters �¥Present number of international container berths: 5

 Present number of disaster-resistant international container berths:

 1,2,51,52,53

¥Target number of the resistant berths: all��Q3:Technical 

standard for the 

disaster-resistant 

container terminal�There is no technical standard available for disaster-resistant berths. Design engineers use multiple sources of design criteria to determine the critical/controlling loads.��Q4: Possibility of revising plans/standards���Q5: Financial scheme for recovery���

*Hurricane Inikki:

On September 11, 1992, Hurricane Iniki struck the State of Hawaii, passing directly over the island of Kauai. Hurricane Iniki was classified as a category 4 storm on a scale of increasing intensity of 1 to 5, and the hurricane inflicted severe damage to Kauai. At Honolulu Harbor, Piers 1 and 2 also suffered damages due to the high waves. Immediately after the storm, debris in the harbors was cleared and other piers are available to accommodate vessels loading or discharging cargoes.

Honolulu Harbor is the hub of the commercial harbor system since essentially all the State’s overseas waterborne traffic enters and leaves this harbor. Further, it is the focal point for inter-island cargo transportation.

Pier 51 through 53 on Sand Island comprise the State’s principal container ship handling area. Piers 1 and 2 at Fort Armstrong comprise the other major container handling facility in Honolulu Harbor.

�??.?.?(Port of Los Angeles)

Q1: Experience of 

  Damage in last 

  20 years�¥On January 17,1994, there was a Magnitude 6.8.

¥The number of container berths before the earthquake was 14.

 The number of damaged berths was 1.

¥The amount of port damage was U$51.6 million.

¥The amount of port recovery: eligible for 545,000.



?	1992	1993	1994	1995	1996

Cargo imported(TEU)	1.14mil	1.17mil	1.27mil	1.25mil	1.29 mil 

Cargo Exported(TEU)	679,000	650,000	725,000	624,000	836,000



¥Liner services before damage: American President Line

 Liner services after damage: No change

¥Data of damaged berths :

 Name of berths	Depth	Length	Date of recovery

 APL B122-126	45’	2,400 ft	1/1794��Q2: Any measures 

  against the 

  natural disasters �¥Yes. (But having no target number) All new container terminals are built earthquake-resistant.

¥Present number of international container berths is 19.

 Present number of disaster-resistant international container berths is 19.��Q3:Technical 

standard for the 

disaster-resistant 

container terminal�¥(Scale of assumed disaster for resistant berth)

 2-Level Seismic Standard: Operating level earthquake (terminal remains operational, possible minor damage): 50% probability of exceeding in 50 years (0.28 acceleration). Contingency level earthquake (structures do not collapse, possible major damage but prefer repairable) : 10% probability of exceeding in 50 years.



¥(Scale of assumed disaster for ordinary berth)

N/A. We now design all our new container terminals to be earthquake 

resistant.

 

¥(The reason why the scale of the disaster is assumed)

 Site-specific seismological studies��Q4: Possibility of 

  revising plan 

  and standards�N/A ��Q5:Financial 

  scheme for the 

  recovery�¥Yes. The Port of Los Angeles has a designated catastrophic (in-house) self insurance reserve. Additionally, covered under Federal Emergency Management Act (FEMA).��

�

??.?.?(Port of Long Beach)

Q1: Experience of 

Damage in last 

20 years�¥On January 17,1994, there was a Magnitude 6.7 Northridge earthquake which occurred, in our metropolitan area. It was approximately 40 miles from our harbor. However, the damage in the harbor area was minimum.

¥In our area, the major concern is earthquake. It is very unlikely that we will experience tsunamis, heavy winds, or violent waves.

¥As for the scale of disasters, there was no actual record of the maximum ground acceleration at the harbor area. The ground acceleration within the harbor area was not destructive. It was estimated to be 0.06g or 0.6M/secˆ2. 

¥The number of container berths at the time of the earthquake was 23.

 The number of damaged berths during the earthquake was zero.

¥The amount of port damage was minimum.

¥The amount of port recovery: Not applicable



¥	1992	1993	1994	1995	1996

Cargo imported(TEU)937,402	1,161,652	1,334,349	1,421,601	1,754,449   

Cargo Exported(TEU)920,398	1,173,640	1,405,167	1,534,986	1,631,669



¥The number of container shipping lines during 1994 was 15.

 The number of container shipping lines before 1994 was 15.

 The number of container shipping lines right after the 1994 earthquake was 15.

¥Data of damaged berths : Not applicable. There was no significant damage in the harbor. ��Q2: Any measures 

against the 

natural disasters �¥Yes. However, it is basically related to earthquake. It is very unlikely that, in our area, we will experience tsunamis, heavy winds, or violent waves.

¥As for objective disasters of the plan, we are adopting a performance based design philosophy for designing and constructing new harbor structures:



Designing structures to be functional during and after the operational level earthquakes

Designing structures for life safety protection and to avoid collapse due to rare, contingency level earthquakes.

¥Present number of international container berths is 26.

 Present number of disaster-resistant international container berths, in our opinion, is 16.

¥There is no specific target date.

¥The target number of the berths is 40.

¥The target number of the resistant berths is 30, 75% of the total number of 

 berths.��Q3:Technical 

standard for the 

disaster-resistant 

container terminal�¥In our opinion, there should be an organized group effort to set up some standard guidelines for design. Specialized design standards on details shall be in accordance with the corresponding approved code or specification of their particular specialties.



For earthquake design, the “Seismic Guidelines for Port” by the American Society of Civil Engineer Technical Council on Lifeline Earthquake Engineering Ports Committee may be a good source for information.

¥In our area, the immediate concern is earthquake.



¥(Scale of assumed disaster for resistant berth)

 Seismic design should be based on the seismic histories of the area and based on the known activities faults. Design approach should be according to the probability of failure for operation level and contingency level of earthquakes.



¥(Scale of assumed disaster for ordinary berth)

 Seismic design criteria should specify not only the earthquake ground shaking and the earthquake forces to be used in the design of the facilities, but should also specify the allowable stresses and strains to be used in the design, so that the seismic risk is kept to an acceptably low level. Structures and facilities shall be classified into several classes according to their importance and cost.



¥(The reason why the scale of the disaster is assumed)

 In earthquake design, the intent is to keep the seismic risk to an acceptably low level. The seismic design criteria must distinguish between the importance of various structures as regards hazard to the public, deleterious effect on the environment, importance of function and cost of repair. Assessment of seismic risk requires a balancing of expected future seismicity against the consequences of damage sustained, i.e. hazard to life and limb, monetary loss, effect on environment, and impairment of function, as well as the cost of preventing damage.    ��Q4: Possibility of 

revising plan   

and standards�¥Yes. Since, in the field of seismic design, the design methods, approaches, and principles are being constantly revised, updated, and improved as results of theoretical and experimental research accumulate.

¥Our objective is to have safe design with the latest knowledge. The criteria for design loading shall be in accordance with the latest edition of the legal general code or specification that pertains to the project to be designed. ��Q5:Financial 

scheme for the 

recovery�Port facilities are privately, commercially insured.

Public infrastructures are covered by the Federal Government.

An annual contribution to a disaster relief fund has been initiated.��



�??.?.?(Port of Miami)

Q1: Experience of Damage in last 20 years�N/A��Q2: Any measures 

against the   

natural disasters �¥Yes.

¥Present number of international container berths is 5.

 Present number of disaster-resistant international container berths is 5.

¥Target date of the plan: currently in plan

¥Target number of the berths: 5

¥Target number of the resistant berths: 5��Q3:Technical 

standard for the 

disaster-resistant 

container terminal�¥(Kind of Disaster)

 hurricane, wave 

¥(Scale of assumed disaster for resistant berth)

 120 mph storm, flood tide 10’ above normal

¥(Scale of assumed disaster for ordinary berth)

 the same

¥(The reason why the scale of the disaster is assumed)

 Miami experiences a full blown hurricane at least once a decade. Hurricanes cause flood tides.

��Q4: Possibility of revising plans/standards�N/A ��Q5:Financial 

  scheme for the 

  recover�¥Yes. 

 Federal Emergency Management Act (FEMA).��

??.?.?(Port of Mobile)

Q1: Experience of 

  Damage in last  

  20 years�N/A��Q2: Any measures 

  against the 

  natural disasters �Objective disaster of the plan is hurricanes (winds, tidal surge).

The plan on development of disaster-resistant international container terminals includes one disaster-resistant international container berths as a target number. (Present number of international container berths is one.) ��Q3:Technical 

standard for the 

disaster-resistant 

container terminal�The technical standards is for hurricanes. The scale of assumed disaster for resistant berths is Cat3 Saffir-Simpson scale. (the same as the scale of assumed disaster for ordinary berths)

It is because of historical records and past experience.��Q4: Possibility of 

  revising plan   

  and standards�N/A��Q5:Financial 

  scheme for the 

  recovery�Private Insurance on facility��

�??.?.?(Port of Oakland)

Q1: Experience of 

Damage in last 

20 years�¥The Port was damaged by the earthquake on October 17, 1989.

¥The scale of disasters is 0.45g

¥Number of berths before disaster: 28

 Number of damaged berths: 14

¥Amount of port damage:	US$43.5 million

 Amount of port recovery:	US$31.8 million from FEMA & OES

	US$10.5 million from Insurance (including $2.0 million extra expense for tenants)  

¥	1987	1988	1989	1990	1991

 Cargo imported(TEU)417,360	444,918	471,554	472,230	515,485

 Cargo Exported(TEU)537,501	586,858	619,043	651,893	679,223

¥As for liner services before damage, 38 shipping carriers used Port of 

 Oakland facilities.

¥After damage, we had no change – Only one vessel diverted.



¥Data of damaged berths are as follows:



 Name	Depth	Length	Date of recovery

 Berths 32,33,34	35’	32/33 = 1,500’	10/18/89

 Berths 35,36,37,38	35’-40’	35 = 839’	35 = 4/90

	36/37 = 1,536’	36,37,38 = 3/91

	38 = 862’

 Berths 60, 61, 62, 63	37’-38’	60/61 = 1,443’	10/18/89

	62/63 = 1,300’

 Berths 67,68,69	35’-40’	67/68 = 1,712’	10/18/89

	69 = 566’��Q2: Any measures 

against the 

natural disasters �¥No plan.

¥Present number of international container berths is 19.

 Present number of disaster-resistant international container berths is 14.

¥As for target number of the resistant berths, all new berths is to meet 

 earthquake design standards.��Q3:Technical 

standard for the 

disaster-resistant 

container terminal�¥All new berths to meet earthquake design standards

¥(kind of disaster)

 Level 1: An earthquake magnitude that has a 20% probability of exceeding in 50 year period is selected. Peak ground acceleration of 0.35 ft/sec.

 

 Level 2: An earthquake magnitude that has a 63% probability of exceeding in 50 year period is selected. Peak ground acceleration of 0.20 ft/sec.



¥Scale of assumed disaster for ordinary berth: All new berths to meet 

 earthquake design standards



¥The reason why the scale of the disaster is assumed:

Level 1 is to insure survivability of structure.

Level 2 is to insure serviceability of structure following smaller, more 

  frequent earthquake.��Q4: Possibility of 

revising plan  

and standards�N/A��Q5:Financial 

scheme for the 

recovery�Federal Emergency Management Agency funding

Office of Emergency Services funding (State of California)

Insurance��







































�5.	Additional Questionnaire for Chile, Chinese Taipei, Indonesia, Mexico and USA 



Background of the questionnaire

The 1995 Southern Hyogo Prefecture Earthquake gave enormous damage to the ports and harbors. This brought reconsideration of the seismic design method and the Technical Standard for the port and harbor facilities in Japan. Moreover, a major earthquake, called the Chichi Earthquake, occurred in Taiwan on September 21, 1999. At present, we have no information from Chinese Taipei regarding the above earthquake. Under these circumstances, the seismic design methodologies have been developed in many regions and mitigation of the earthquake disasters is a subject of the worldwide interest.

In this background, following information will be requested of some of the economies in order to study our subject “Suggestions for Earthquake Disaster Countermeasures in APEC Ports” more deeply.



Questionnaire

Q-1?Answer to the previous questionnaire will be requested especially of Chinese Taipei, Indonesia and Mexico which experienced or may experience a major earthquake.  



Q-2?Copy of technical standards regarding earthquakes (English version) will be requested of Chile, Chinese Taipei, Indonesia, Mexico and USA, for comparison and examination with Japan’s standards.



Q-3?Copy of the manual for the earthquake-disaster prevention in time of Emergency(English version) or summary of the manual will be requested of Chile, Chinese Taipei, Indonesia, Mexico and USA.

Major Items are as follows.

Disaster prevention system

Disaster prevention activities 

Education of disaster prevention

Disaster-fighting drill

Facilities and equipment for countermeasures against disasters

Temporary works in time of emergency

Restoration works in time of emergency
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