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 Abstract
In many modern terminals, large cranes called Rubber Tyred Gantry Cranes (RTGs) carry out the storage or retrieval of a container in or from a storage yard block. As the workload under these cranes changes over time, optimizing their number in each block and distributing the total workload among blocks as efficiently as possible during gate operating hours contribute to more efficient yard operations and represent the main objective of this research. This paper describes a proposed approach for optimizing truck appointments and RTG deployment in the case of Beirut Container Terminal (BCT). 
1 Introduction
Operations in the storage yard of a container terminal have the appearance of simplicity, but their complex demands require a high standard of efficient planning and management that ultimately influence all the terminal operations. Container terminal operators need to consider both the design and the operational issues of the yards.

At the operation stage, and in many modern terminals, large cranes called Rubber Tyred Gantry cranes (RTGs) carry out the retrieval of a container from a storage block. Customers pick up import containers using their external trucks (XT). Within the terminal itself, containers are moved using internal trucks (IT). The RTGs retrieve stored containers in import blocks (container stacking areas) and put them on XTs or ITs (to move them to other storage blocks). Because RTGs serve both ITs and XTs, they typically represent bottleneck in the container handling process. Without effective operation planning of yard cranes, both XTs and ITs may have to wait, increasing their turnaround time in the yard. As the RTGs workload distribution changes over time and among blocks because of the random arrival of XT and IT to the yard, dynamic deployment of RTGs among storage blocks becomes an important issue in terminal operations management.
Case study: the Beirut Container Terminal (BCT)

The new BCT started operating in January 2005. Six (more recently seven) storage blocks have been assigned as "import blocks". Knowing the workload in each of them at the beginning of a given period of the day facilitates the allocation of an adequate number of RTGs therein; some blocks with higher activity levels may actually need two RTGs at certain times of the day whereas others may have completed their work making their RTGs eligible to be moved to other congested blocks.  
The trucks to be served are of two types: XTs requesting service to pickup full containers from import blocks to the city (to "gate out") and ITs requesting service to pickup full containers from import blocks to move them to the custom inspections (CI) block or to “special works”. 

XTs are currently showing up randomly during the gate operating hours (between 7 AM and 3 PM), and may queue in the truck passing lane of the block until the RTG working in that block can serve them. Thus, if RTGs are not efficient in their work, this may cause truck congestion on the road near the block or in the block itself and increase the truck turnaround time. In addition, if the RTG holds up the IT serving a quay crane working on a vessel, the quay crane may have to wait, resulting in a delay of the unloading vessel.   
The main objective of the proposed approach for the adoption of a new XT appointment and RTG deployment system in BCT is to optimize the use of RTGs during gate operating hours in the import blocks by distributing their total workload as efficiently as possible. This is achieved by organizing the arrival of XTs at import blocks through the appointment system, whereby RTGs are ready to serve them, which results in diminishing the XT and IT turnaround time, ultimately decreasing vessel-berthing time. 
Several researchers have tackled the RTG deployment problem and the adoption of truck appointment system in container terminals. Section 2 presents a brief literature review about the RTG deployment among storage blocks, along with experiences with scheduled arrivals of external trucks in few container terminals. Next, section 3 describes the methodology for calculating the predicted pickup workload to be accomplished by the RTGs. Section 4 presents the methodology for deploying the RTGs based on the predicted pickup workload, whereas in section 5 the development of the truck appointment system based on the RTGs deployment is described. Section 6 concludes and proposes further research.   
2 Literature Review

The literature review is presented in two sections: the first includes a review of previous research about deployment of yard cranes among storage blocks of container terminals; the second includes a review of previous research concerning the adoption of truck appointment systems in some container terminals. 

2.1 RTG Deployment

Literature related to the yard crane-scheduling problem in planning and control started appearing in the late 1980s. 



In their paper, Zhang et al. (2002) used the forecasted workload of each block in each period of a day in order to solve the crane deployment problem. Every evening, the forecasted workloads in the block for the following day are assembled. The operating plan of RTGs, including any possible deployment, is determined for each of the six planning periods. Crane operation supervisors usually make such operating and deployment plans based on their experience. Given the forecasted workload in each block in each planning period, they make the following two decisions to minimize the total workload overflow between periods: (a) the times to deploy (move) each RTG, and (b) the routes of RTG movements (the origin and the destination blocks of each RTG) for each period of the planning horizon. The authors formulated the problem as a mathematical program and provided suggestions for supervisors and terminal managers. Their objective was to find the times and routes of crane movements among block, so that the total delayed workload in the yard is minimized. The problem was formulated as a mixed integer-programming model and solved by Lagrangean relaxation. 

Kim et al. (2003) suggested a dynamic programming (DP) model based on a learning-based method and heuristic rules for deriving decision rules for a static sequencing problem in which all the arrivals of trucks are known in advance. These decision rules, suggested for automated container terminals, can also be used for conventional terminals. This method of applying DP is called ‘‘DP with a rolling horizon strategy (DPRHS)’’ which is comparable to other dynamic sequencing rules. A simulation study was performed to compare performances of the suggested approaches. 

Linn et al. (2003) presented an algorithm and a mathematical model for the optimal yard crane deployment. The RTGs deployment process was modeled using mix-integer programming and analyzed using real case data of a major container terminal in Hong Kong. The model demonstrated an excellent capability and potential in minimizing the crane workload overflow. Every evening, workload forecast data of each block for the following day are assembled and operating plans for each of six periods are determined. At the beginning of every day, the expected number of moves to be performed in each block is known. The objective is to minimize the workload overflow from one period to the other, by sorting the blocks into sink, source, and neither block. The presorting step and interface procedures were coded in Microsoft Visual C++. The mixed integer-programming model for the RTG deployment step was implemented in CPLEX and Microsoft EXCEL. The process was repeated until all six periods are done. 


Ng and Mak (2005) studied the problem of scheduling a yard crane to perform a given set of loading/ unloading jobs with different ready times. Their objective was to minimize the sum of job waiting times. They proposed a branch and bound algorithm to solve the scheduling problem optimally. In mega port container terminals like those in Singapore and Hong Kong it is important to reduce the waiting time of trucks by coordinating yard crane and truck movements. A terminal operations control system would normally determine the expected arrival times of the trucks for transporting containers from or to each yard block during the coming hour. Currently, human judgment determines the schedule for each yard crane to perform handling jobs for the arriving trucks. The scheduling objective is to reduce the amount of the trucks waiting time for the cranes. The problem of scheduling a yard crane to handle all the jobs with different ready times within its movement zone was formulated as an integer program.
Murty et al. (2005) described a variety of inter-related decisions made during daily operations at a container terminal and proposed a decision support system (DSS) for optimizing the operations of container terminals in Hong Kong. The basis of their DSS is the hierarchical decomposition technique with substitute objective functions, which allow them to study each decision separately. In the RTG deployment decision, they handled uncertainty by considering the variation of the workload level and its uneven distribution over time.   They used models and algorithms for solving the DSSs based on this randomness, which seems to be ignored in previous literature. Towards the end of each period, the terminal uses the latest information available for the following period to formulate a plan for operations in that period. The aim of RTG deployment is to minimize the total delayed RTG workload in each period. 

2.2 Experience with Scheduled Arrivals of External Trucks
Several researchers have tackled the experience of some container terminals with the scheduled arrivals of external trucks at their gate entry.   


In his dissertation presented to the University of Texas, Huynh (2005) analyzed the advantage of using a truck appointment system in order to reduce the truck turnaround time in Barbours Cut Terminal (with a total of 30 storage blocks to be served by 24 RTGs), as opposed to adding yard cranes to serve the trucks. The aim of using an appointment system is to “flatten” the gate activity to an efficient and proportionate level to reduce the trucks’ queuing time. The author built a simulation model of the terminal in order to evaluate the effectiveness of an appointment system. He developed a methodology to calculate the number of trucks a terminal would allow into a specific area of the yard per time window. He evaluated the use of the truck appointment system by examining its effect on two factors: the overall truck turn around time, and the yard crane utilization. Furthermore, he proposed solutions to account for trucks tardiness and no-shows.

Giuliano et al. (2006) evaluated the gate appointment system at the Los Angeles/Long Beach ports, the fifth busiest container facility in the world in 2004. The appointment system was implemented in 2002 in response to a legislation that seeks to reduce vehicle emissions and highway congestion by reducing truck queuing at marine terminal gates and distributing truck traffic over a greater period throughout the day. The legislation imposes that the appointments must be for a window of at least 60 minutes, and no penalty was imposed for missing or canceling appointments. Appointments are made via a proprietary web-based information system, mostly for import pickups, as they are the most complicated. Terminal operators responded to the legislation but without adopting new operating policies inside the gates. Monitoring the appointment system over a 16-month period, the authors found that there is no evidence that the appointment system has affected queuing at marine terminal gates or reduced the turnaround times since its use depends upon operating policies of a terminal. They deduced that the appointment system would simply shift the queue to inside the terminal if the rate of processing transactions did not change. They proposed to consider the role of gate entry within the process of picking up (or delivering) containers, as a metering point allowing a rate of entry based on the rate at which each truck can be serviced. 

Morais and Lord (2006) conducted a study to assess the impact of gate reservation systems and other strategies for improving cargo velocity at terminals in order to reduce congestion, delays and emissions. They reviewed the experience of North American west coast container ports, leaders in environmental legislations, in solving truck idling by the integration of appointment systems, and found them to be effective in reducing truck emissions by reducing truck idling at gates and turn-around time. The authors aimed at transferring the lessons learned and experience gained by the west coast ports to the Canadian context. They examined different internet-based appointment systems and found them to reduce the truck turnaround time in terminals. The Freight Information Real-Time System for Transport (FIRST) that will eventually include a truck driver's appointment system to allow trucking companies to pick up or deliver containers was tested. They constructed an analytical demand and a simulation model to estimate its benefits at the Howland Hook terminal in Staten Island, New York, using accepted transportation queuing theory concepts to determine queuing activity “with” and “without” the system in operation at various levels of acceptance. The results were highly dependent on the level of appointment system usage: at 100% use of the appointment system, the total in-terminal time across all vehicles demonstrated 48% decrease compared to the 0% use scenario. Another truck appointment/reservation system, the Pacific Gateway Portal (PGP), designed to permit truckers to reserve time slots during gate hours, had by large gained acceptance by the trucking community by virtue of the ease of making reservations electronically through the terminal’s web page. Each is matched with transactions, which are determined by the terminal based on yard and sector capacities. The terminal set aside dedicated lanes for trucks with appointments. All import container pickups require reservations. The truckers with reservations are given specified hourly time slots. All trucks must be in line at the gate entrance at least 15 minutes before the expiration of their slot reservation. 
   
Southampton Container Terminal, the largest British terminal in the Asia/U.K. container trade, has recently introduced a compulsory truck appointment system where trucks are given a one-hour time slot and can change the appointed time in advance. Up to 120 vehicles per hour can be handled under the system, which replaces an optional truck appointment booking system. Trucks had been given a tolerance of arriving half an hour before or after the one-hour slot, and only about 60 percent of trucks used the appointment system at peak hours (American Shipper, 2007). 

Based on the above review, one may conclude that, in order to improve the success chances of implementing a truck appointment system in a container terminal, it is crucial to coordinate the trucks arrival under an RTG with an optimized RTG deployment among blocks. The remaining sections present a study of a planned RTG deployment among import blocks in the new BCT based on the scheduled arrivals of external trucks through the implementation of the truck appointment system.  
3 External Pickup Workload Predictions at BCT
The RTG deployment schedule for any day can be developed during the evening of the previous day. The total expected workload in every import block at the BCT is used in order to assign an adequate number of RTGs in each such block. Given the predicted workload on each block, more RTGs are to be allocated to the congested blocks. 
The BCT has acquired advanced information systems that keep real-time information on container flows. This information is not only essential for tracking the containers for security and customs reasons, but also provides reliable input data for decision-making. A study of the container “gate out” values from import blocks over a six-month period was used to calculate the predicted pickup probability of a container given its dwell time in the yard. This value was then applied to the containers present in a block at the beginning of a day, given their dwell times, in order to determine the predicted workload in each block at the beginning of that day. Correction factors were then introduced in order to reduce discrepancies generated due to day of the week variations and the presence of containers destined to CI in the yard. The adjusted predicted workload of a day was finally compared to actual container "gate out" values as recorded by the end of the day to validate the proposed workload prediction approach. 

3.1 Calculating the pickup probability
The containers "Gate Out" profile over a period extending from April till November 2005 (including dwell time in yard, time of move, type, block location) is used to obtain the pickup probability of a container of a given dwell time from an import block. 
Figure 1 represents pickup probabilities for three different dwell time ranges, namely, 20 days, 30 days, and 40 days. By exploring the containers dwell time in the 6 import blocks it is inferred that 7.7%, 2.3%, and 1.1% of containers stay in the block for more than 20, 30, and 40 days, respectively. This suggests that pickup probabilities may be considered for containers having a dwell time ranging from one to 40 days. As such, a timeframe of 40 days is adopted for calculating pickup probabilities by container dwell time in the import blocks.

Moreover, the pickup probability for each of the six import blocks considered separately was calculated in a manner similar to that described above. Figure 2 illustrates that “pickup probabilities by block” are similar to the “overall pickup probabilities”; as such, overall probabilities for the six blocks taken together can be fairly used in calculating the predicted workload.

Given the composition of the containers in each of the 6 import blocks in terms of their dwell time at the beginning of a day, the number of containers present in an import block and having a certain dwell time are multiplied by the probability of “being picked up” on that day based on its dwell time. The total number of containers that is predicted to be picked up on a specific day from a given block is obtained by summing up the predicted number of containers to be picked up for all dwell time categories (ranging from one to 40 days).

3.2 Day of the week correction factor

"Gate Out" average values on Mondays (1), Tuesdays (2), Wednesdays (3) and Thursdays (4) during the study period differ remarkably from those of Fridays (5) and Saturdays (6). Figure 3 represents these differences. The average “gate out” per day over the study period (April-November, 2005) is calculated to be 215 containers per day. The discrepancy of each day of the week from this value as shown in Table 1 is used in applying a day of week correction factor on the predicted workload.

Reported “gate out” values are also analyzed to identify whether they vary from one day to another within the same month due to considerations such as vacations and holidays, start and end of a month, etc… No clear discernible monthly patterns are observed which indicates that there is no need for a month of the year correction factor.

3.3 "CI" correction factor 

A considerable number of the reported containers by dwell time in each import block will be eventually moved to customs inspection (CI) block (13-18% as reported by the yard supervisor) and will not be picked up directly from that block. This implies the need for an adjustment to the predicted workload. Based on block composition data for three different days, and observing the number of containers that are moved to CI within a month, a CI correction (reduction) factor of 17.5% is used to adjust the predicted workload by block.

3.4 Validation of Predicted Workload
A comparison between the pickup values predicted based on block profiles in the morning and the recorded "gate out" in the evening along a 2 week observation period (in December 2005) before applying the correction factor shows significant discrepancies. However, applying the day of the week factor and the CI factor to the predicted workload results in an adjusted predicted workload with much smaller discrepancies from the actual/observed values, as shown in Figure 4. These adjustments to the predicted workload reduce the Chi square factor from 143 (predicted) to 13 (adjusted predicted) when comparing to the actual workload.

4 RTG Deployment 
Once the pickup workload to be served by RTGs during a working day is determined as described in section 3 above, the RTG deployment plan is prepared as presented next. 
4.1 Assumptions

The following assumptions are set in the RTG deployment approach:

· The number of available RTGs is greater than or equal to the number of import blocks 

· "Deployment and appointments" systems are implemented for an 8 hour operating shift (7  AM till 3 PM)

· The average capacity of an RTG in pickup from import block is set (8 moves/hr)

· The average lost moves due to RTG displacements between import blocks is set
· The average lost moves due to total daily RTGs downtime are set
· The demand/capacity threshold to deploy 2 RTGs is set
4.2 Required Data
In planning RTG deployment, the following data is required:

· Number of available RTGs  at the beginning of the next operating shift

· Number of import blocks in use

· XT requests for gate out from import blocks

· XT requests for gate out from reefer blocks

· Internal requests for IT pickup from import blocks to CI block 

· Internal requests for IT pickup from import blocks to special works
4.3 Daily RTG Deployment Decisions

With the RTG serving capacity assumed to be 8 moves/hour, the total RTG hours needed daily per block to handle the total workload therein can be calculated. A planned schedule of RTGs deployment among the import blocks during the operating shift of the following day is developed based on the following simple principles:

· RTGs are deployed for each 2 hour period starting 7 AM until 1 PM, then for each hour until 3 PM

· At the beginning of the day, the total workload to be performed by the RTGs per block is calculated

· For the first time period (7 AM to 9 AM), one RTG is allocated per block, and any extra RTGs are allocated to the blocks having the highest demand (or to reefer blocks if so desired)

· At the beginning of later periods, one RTG is allocated to each block based on the remaining demand:

· If a block had 2 RTGs in previous period, both RTGs are to be kept as long as demand/capacity is greater than the specified threshold

· If available, allocate extra RTGs to blocks having highest demand (or to reefer blocks if so desired)

At the beginning of the operating shift, RTGs can be dispatched among the import blocks as scheduled during the planning period the day before. Figure 5 is a representative Excel sheet that describes the RTG deployment methodology.  

5 Truck Appointment System

A crucial element that contributes to terminal congestion is the fluctuating arrival of external trucks to its yard. This unpredictability in demand for delivery service in storage blocks leads to situations where demand greatly exceeds supply or vice versa. When supply greatly exceeds demand, the terminal is wasting resources, and when demand greatly exceeds supply, truckers lose time. That is why container terminals are encouraged to adopt truck appointment system to regulate truck arrivals into the terminal. A study conducted by Marine Terminals Corporation shows that by spreading on the work throughout the day, a considerable amount of truck hours could be saved (Huynh, 2005). It is estimated that more than 3.7 million hours of truck wait time at ports are spent annually (Giuliano, 2006).
However, the appointment system in a container terminal should be properly implemented in coordination with the RTGs deployment among storage blocks in order to be efficient and successful. The proposed appointment system in BCT organizes the arrival of external and internal trucks under the RTGs by time of the day during gate operating hours. It is to be based on the availability of RTGs in blocks (given the optimal deployment strategy). Given the capacity of an RTG in pickup and discharge by hour, the number of RTG hours available in each block is calculated; this determines the total number of appointments available for servicing trucks by RTGs in a block per period. 
It is proposed that the BCT requires all XTs to inform the terminal about the date they intend to pick up a container in storage at the yard at least one day before pickup operations, and to request a pickup appointment for that day. Requests by XTs for pickup appointment reservation shall be accomplished through an SMS-based system. Once the RTG deployment schedule among import blocks for the operating shift is set, slots for pickup appointments by time of the day can be defined. This number is based on the RTG hours available for pickup in each block per period, as mentioned before. SMS messages can be sent to freight agents by 3 PM to confirm their XT appointment time for the next day.

At the end of each period, the number of extra available appointments in each block is calculated. An XT having no appointment and  showing  up randomly during the day can be given an appointment during the operating shift as long as there is vacancy based on "first in first serviced" rule; otherwise, its appointment is delayed till the end of the day. ITs that require service to pickup to CI and "special works" are given time slots in certain periods (as a matter of policy). 

Thus, a schedule of hourly appointments during gate operating shift for the trucks that are registered to show up the next day can be prepared one day before actual operations (given the block from which they will pick up the containers). Priority for early appointments is to be set as a matter of policy. The average lost moves due to total daily RTGs downtime and RTG displacements among blocks are to be deducted from the total appointments available at each period. It is proposed that in phase 1 of implementation, the XTs daily pickup workload of full containers from import blocks to the city (to "gate out") is predicted, while in phase 2, after the initial period of implementation, XT pickup workload would be based only on appointments. As such, in phase 2 of implementation, actual daily truck requests for appointments are used for planning (eliminating the need for workload prediction). 

The interface between the truck appointment system and yard crane deployment is represented in Figure 6. The BCT is currently developing specialized software for implementation of this proposed RTG deployment / truck appointment system.
6 Conclusion and Further Research

The proposed truck appointments and RTG deployment system in BCT represents a promising approach for allocating RTG resources where they are needed. Once adopted, the RTG deployment system is expected to ameliorate RTG performance, such as scheduled versus actual operating hours, displacement among blocks, and idle rate during gate operating hours. On the other hand, a truck appointment system is expected to reduce truck turnaround time and to distribute the pickup workload by block, reducing current daily surges in truck arrivals. 
The coordination between the pickup workload under RTGs and the intended discharge workload during gate operation hours is the next initiative in the operation improvement studies.
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Figure 1 Pickup probability for three different dwell time ranges
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Figure 2 Pickup probabilities by block as compared to the grand total


Figure 3 Gate out for a month showing differences between days of the week
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Figure 4 Comparing actual gate out to adjusted predicted

[image: image4.emf]Time 16-1-2006 6C 6D 5C 5D 5E 5F 5G 5H New Total

RTG's used 

regular blocks

RTG's used in

reefer blocks

Extra RTG's

Available

7:00-9:00 Demand 10 6 44 67 62 54 46 77 0 366

No. of RTG  0 0 1 1 1 1 1 1 0 6 6 0 0

Available appointments 0 0 16 16 16 16 16 16 0 96

Extra appointments 0 0 0 0 0 0 0 0 0 0

9:00-11:00 Remaining demand 10 6 28 51 46 38 30 61 0 270

No. of RTG  0 0 1 1 1 1 1 1 0 6 6 0 0

Available appointments 0 0 16 16 16 16 16 16 0 96

Remaining demand 12 35 30 22 14 45 0 158

Extra RTG's 0 0 0 0 0 0 0 0

Total no. of RTG's 0 0 1 1 1 1 1 1 0 6 6 0 0

Available appointments 0 0 16 16 16 16 16 16 0 96

Extra appointments 0 0 0 0 0 0 0 0 0 0

11:00-1:00 Remaining demand 10 6 12 35 30 22 14 45 0 174

No. of RTG  0 0 1 1 1 1 1 1 0 6 6 0 0

Available appointments 0 0 16 16 16 16 16 16 0 96

Remaining demand 0 19 14 6 0 29 0 68

Extra RTG's 0 0 0 0 0 0 0 0

Total no. of RTG's 0 0 1 1 1 1 1 1 0 6 6 0 0

Available appointments 0 0 16 16 16 16 16 16 0 96

Extra appointments 0 0 4 0 0 0 2 0 0 6

1:00-2:00 Remaining demand 10 6 0 19 14 6 0 29 0 84

No. of RTG  1 1 0 1 1 1 0 1 0 6 4 2 0

Available appointments 7 7 0 8 8 8 0 8 0 46

Remaining demand 0 11 6 0 0 21 0 38

Extra RTG's 0 0 0 0 0 0 0 0

Total no. of RTG's 1 1 0 1 1 1 0 1 0 6 4 2 0

Available appointments 7 7 0 8 8 8 0 8 0 46

Extra appointments 0 1 0 0 0 2 0 0 0 3

2:00-3:00 Remaining demand 3 0 0 11 6 0 0 21 0 41

No. of RTG  1 0 0 1 1 0 0 1 0 4 3 1 2

Available appointments 7 0 0 8 8 0 0 8 0 31

Remaining demand 0 3 0 0 0 13 0 16

Extra RTG's 0 0 0 0 0 1 0 1

Total no. of RTG's 1 0 0 1 1 0 0 2 0 5 4 1 1

Available appointments 7 0 0 8 8 0 0 16 0 39

Extra appointments 4 0 0 0 2 0 0 0 0 6

Requests not served 0 0 0 3 0 0 0 5 0 8

Total Extra appointments 4 1 4 0 2 2 2 0 0 15


Figure 5 An Excel sheet showing the methodology for RTG deployment & XT appointments 
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Figure 6 Planning methodology for RTG deployment in coordination with truck  appointments

Table 1  Day of the week correction factors
	
	

	Weekday
	Average Gate out on a weekday
	Discrepancy from the average day

	Monday
	221
	1.028

	Tuesday
	241
	1.117

	Wednesday
	242
	1.123

	Thursday
	253
	1.173

	Friday
	184
	0.853

	Saturday
	156
	0.723

	Average
	215
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� Priority between reefer and regular import blocks to be specified as a matter of policy
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proposal 3a (2)

		

				Number of available RTG's		8

				Capacity for pickup/hr		8

				Capacity for reefer pickup/hr		7

				Capacity for discharge/hr		20

						6C		6D		5C		5D		5E		5F		5G		5H		New

		Requests		XT		8		6		48		71		58		63		53		74		0

				CI		0		0		12		23		13		17		11		28		0

				Special works		2		0		4		6		7		4		3		5		0		total

				Total		6		6		64		100		78		84		67		107		0		512

		Time interval																										RTG's used in
5C-5H & new		RTG's used in
6C and 6D		Extra RTG's
Available		Extra RTG hours available if pickups		Extra RTG hours available if discharge

		7:00-9:00		Demand		8		6		48		71		58		63		53		74		0

				No. of RTG		0.5		0.5		1		1		1		1		1		2		0		total				7		1		0		0		0

				Available appointments		7		7		16		16		16		16		16		32		0		126

				Extra appointments		0		1		0		0		0		0		0		0		0		1

		9:00-11:00		Remaining demand		1		0		32		55		42		47		37		42		0

				No. of RTG		0.5		0		1		1		1		1		1		2		0		total				7		0.5		0.5		4		10

				Available appointments		7		0		16		16		16		16		16		32		0		119

				Extra appointments		6		0		0		0		0		0		0		0		0		6

		11:00-1:00		Remaining demand		0		0		16		39		26		31		21		10		0

				No. of RTG		0		0		1		1		1		1		1		1		0		total				6		0		2		16		40

				Available appointments		0		0		16		16		16		16		16		16		0		96

				Extra appointments		0		0		0		0		0		0		0		6		0		6

		1:00-3:00		Remaining demand		0		0		0		23		10		15		5		0		0

				No. of RTG		0		0		0		1		1		1		1		0		0		total

				Extra RTG's						0		1		0		0		0		0		0						5		0		3		24		60

				Available appointments		0		0		0		32		16		16		16		0		0		80

				Extra appointments		0		0		0		9		6		1		11		0		0		27

				Requests not served		0		0		0		0		0		0		0		0		0

				Total Extra appointments		6		1		0		9		6		1		11		6		0		40





proposal 3a

		

				Number of available RTG's		8

				Capacity for pickup/hr		8

				Capacity for reefer pickup/hr		7

				Capacity for discharge/hr		20

						6C		6D		5C		5D		5E		5F		5G		5H		New

		Requests		XT		8		6		48		71		58		63		53		74		0

				CI		0		0		12		23		13		17		11		28		0

				Special works		2		0		4		6		7		4		3		5		0		total

				Total		6		6		64		100		78		84		67		107		0		512

		Time interval																										RTG's used in
5C-5H & new		RTG's used in
6C and 6D		Extra RTG's
Available

		7:00-9:00		Demand		6		6		64		100		78		84		67		107		0

				No. of RTG		0.5		0.5		1		1		1		1		1		2		0		total				7		1		0

				Available appointments		7		7		16		16		16		16		16		32		0		126

				Extra appointments		1		1		0		0		0		0		0		0		0		2

		9:00-11:00		Remaining demand		0		0		48		84		62		68		51		75		0

				No. of RTG		0		0		1		1		1		1		1		2		0		total				7		0		1

				Available appointments		0		0		16		16		16		16		16		32		0		112

				Extra appointments		0		0		0		0		0		0		0		0		0		0

		11:00-1:00		Remaining demand		0		0		32		68		46		52		35		43		0

				No. of RTG		0		0		1		1		1		1		1		2		0		total				7		0		1

				Available appointments		0		0		16		16		16		16		16		32		0		112

				Extra appointments		0		0		0		0		0		0		0		0		0		0

		1:00-3:00		Remaining demand		0		0		16		52		30		36		19		11		0

				No. of RTG		0		0		1		1		1		1		1		1		0		total

				Extra RTG's						0		1		1		1		1		0		0						10		0		-2

				Available appointments		0		0		16		32		32		32		32		16		0		160

				Extra appointments		0		0		0		0		2		0		13		5		0		20

				Requests not served		0		0		0		20		0		4		0		0		0

				Total Extra appointments		1		1		0		0		2		0		13		5		0		22





proposal 3b

		

																										16-1-006

				Number of available RTG's		6				Demand/Capacity threshold per period to deploy 2 RTG's														1.5		from/to		From block and .tip (Basma)		To CI		To special wrks

				Capacity for pickup/hr		8				Demand/Capacity threshold per period to deploy 2 RTG's (after 1 PM)														1.0		5C		28		12		4

				Capacity for reefer pickup/hr		7				Lost moves due to displacement (average)														??		5D		38		23		6

				Capacity for discharge/hr		20																				5E		42		13		7

				Number of import blocks		6																				5F		33		17		4

		Requests				6C		6D		5C		5D		5E		5F		5G		5H		New		Total		5G		32		11		3

				Gate out		8		6		28		38		42		33		32		44		0		231		5H		44		28		5

				To CI		0		0		12		23		13		17		11		28		0		104		6C		8				2

				To special works		2		0		4		6		7		4		3		5		0		31		6D		6

				Total		10		6		44		67		62		54		46		77		0		366		Grand Total		231		104		31

		Time		16-1-2006		6C		6D		5C		5D		5E		5F		5G		5H		New		Total		RTG's used regular blocks		RTG's used in
reefer blocks		Extra RTG's
Available

		7:00-9:00		Demand		10		6		44		67		62		54		46		77		0		366

				No. of RTG		0		0		1		1		1		1		1		1		0		6		6		0		0

				Available appointments		0		0		16		16		16		16		16		16		0		96

				Extra appointments		0		0		0		0		0		0		0		0		0		0

		9:00-11:00		Remaining demand		10		6		28		51		46		38		30		61		0		270

				No. of RTG		0		0		1		1		1		1		1		1		0		6		6		0		0

				Available appointments		0		0		16		16		16		16		16		16		0		96

				Remaining demand						12		35		30		22		14		45		0		158

				Extra RTG's						0		0		0		0		0		0		0		0

				Total no. of RTG's		0		0		1		1		1		1		1		1		0		6		6		0		0

				Available appointments		0		0		16		16		16		16		16		16		0		96

				Extra appointments		0		0		0		0		0		0		0		0		0		0

		11:00-1:00		Remaining demand		10		6		12		35		30		22		14		45		0		174

				No. of RTG		0		0		1		1		1		1		1		1		0		6		6		0		0

				Available appointments		0		0		16		16		16		16		16		16		0		96

				Remaining demand						0		19		14		6		0		29		0		68

				Extra RTG's						0		0		0		0		0		0		0		0

				Total no. of RTG's		0		0		1		1		1		1		1		1		0		6		6		0		0

				Available appointments		0		0		16		16		16		16		16		16		0		96

				Extra appointments		0		0		4		0		0		0		2		0		0		6

		1:00-2:00		Remaining demand		10		6		0		19		14		6		0		29		0		84

				No. of RTG		1		1		0		1		1		1		0		1		0		6		4		2		0

				Available appointments		7		7		0		8		8		8		0		8		0		46

				Remaining demand						0		11		6		0		0		21		0		38

				Extra RTG's						0		0		0		0		0		0		0		0

				Total no. of RTG's		1		1		0		1		1		1		0		1		0		6		4		2		0

				Available appointments		7		7		0		8		8		8		0		8		0		46

				Extra appointments		0		1		0		0		0		2		0		0		0		3

		2:00-3:00		Remaining demand		3		0		0		11		6		0		0		21		0		41

				No. of RTG		1		0		0		1		1		0		0		1		0		4		3		1		2

				Available appointments		7		0		0		8		8		0		0		8		0		31

				Remaining demand						0		3		0		0		0		13		0		16

				Extra RTG's						0		0		0		0		0		1		0		1

				Total no. of RTG's		1		0		0		1		1		0		0		2		0		5		4		1		1

				Available appointments		7		0		0		8		8		0		0		16		0		39

				Extra appointments		4		0		0		0		2		0		0		0		0		6

				Requests not served		0		0		0		3		0		0		0		5		0		8

				Total Extra appointments		4		1		4		0		2		2		2		0		0		15





proposal 2

		Assumptions of the study

		1- Consider RTG deployment and XT appointments during a working shift of 8 hrs starting at 7:00 a.m.ending at 3:00 p.m.

		2 - Set the capacity of an RTG to be 8 moves/hr for pickup and 12 moves/hr for discharge

		3-During a 2 hours period: any block can be assigned 0, 1,or 2 RTGs

		4- External Trucks requests for the study day end at 6:00 p.m.of the previous day

		5- CI requests for the study day end at 6:00 p.m.of the previous day

		6- "Special works" requests for the study day end at 6:00 p.m.of the previous day

		7- Vessels unloading schedules during the working shift of the study day are known by 6:00 p.m. of the previous day

		8- Berth productivity = 120 moves/hr (Port operational benchmarks)?

		9- Total RTG hours available in yard during the study shift = 8 RTG x 8 hours = 64 RTG hrs

				Step 1- Determine the predicted pickups to XT for the study day at the evenning of the previous day given the block profile by dwell time

				Daily Total Predicted pickups to XT

				Block		Total Predicted pickups

						to XT

				5C		53

				5D		44

				5E		43

				5F		48

				5G		52

				5H		70

				New		50

				6C		10

				6D		14

				Total		384

				Step 2- Get a list of requested pickups to XT, to CI, to "special works" for the study day at the evenning of the previous day

				A list of requested pickup to XT, to CI, and to "special works" for the study day

				Block		Requested pickups		Requested Pickups		Requested pickups

						to XT		to CI		to "special works"

				5C		32		2		1

				5D		34		2		2

				5E		34		2		0

				5F		37		1		3

				5G		45		0		0

				5H		55		1		1

				New		40		1		2

				6C		7		0		0

				6D		9		0		0

				Total		293		9		9

				Step 3- Get a list of requested demand for discharge from vessel during gate operating hours of the study day at the evenning of the previous day

				RTG hrs demanded for vessel discharge in blocks during gate operating hours

				Period		Gate operating hours				7:00 a.m. till 9:00 a.m.				9:00 a.m. till 11:00 a.m.				11:00 a.m. till 1:00 p.m.				1:00 p.m. till 3:00 p.m.

				Block		Requested discharge		RTG hrs for discharge		Requested discharge		RTG hrs for discharge		Requested discharge		RTG hrs for discharge		Requested discharge		RTG hrs for discharge		Requested discharge		RTG hrs for discharge

				5C		20		1.67		10		0.83		10		0.83		0		0.00		0		0.00

				5D		0		0.00		0		0.00		0		0.00		0		0.00		0		0.00

				5E		36		3.00		18		1.50		18		1.50		0		0.00		0		0.00

				5F		0		0.00		0		0.00		0		0.00		0		0.00		0		0.00

				5G		0		0.00		0		0.00		0		0.00		0		0.00		0		0.00

				5H		0		0.00		0		0.00		0		0.00		0		0.00		0		0.00

				New		40		3.33		0		0.00		0		0.00		20		1.67		20		1.67

				6C		3		0.23		0		0.00		0		0.00		0		0.00		0		0.00

				6D		0		0.00		0		0.00		0		0.00		0		0.00		0		0.00

				Total		99		8.23		28		2.33		28		2.33		20		1.67		20		1.67

				Step 4- Calculate the daily demand for RTG hours during Gate operating hours of the study day at the evenning of the previous day

				Block		Requested pickups		Predicted extra pickups		Requested Pickups		Requested pickups		Total Requested		Requested discharge		RTG hours		RTG hours		Total RTG hours

						to XT		to XT		to CI		to "special works"		pickups		from vessel		demanded for pickups		demanded for discharge		demanded

				5C		32		21		2		1		56		20		7.00		1.67		8.66

				5D		34		10		2		2		48		0		5.96		0.00		5.96

				5E		34		9		2		0		45		36		5.57		3.00		8.57

				5F		37		11		1		3		52		0		6.50		0.00		6.50

				5G		45		7		0		0		52		0		6.56		0.00		6.56

				5H		55		15		1		1		72		0		9.01		0.00		9.01

				New		40		10		1		2		53		40		6.63		3.33		9.96

				6C		7		3		0		0		10		3		1.25		0.23		1.48

				6D		9		5		0		0		14		0		1.75		0.00		1.75

				Total		293		91		9		9		402		99		50.21		8.23		58.44

																						64		Total RTG hrs capacity

				Step 5- Optimize a demand schedule for RTGs hrs among blocks each 2 hrs.period during the study 8 hrs.shift

				RTG hrs Demand schedule by block and 2 hrs. period

				Period		Operating hours						7:00 a.m. till 9:00 a.m.				9:00 a.m. till 11:00 a.m.				11:00 a.m. till 1:00 p.m.				1:00 p.m. till 3:00 p.m.

				Block		RTG hrs for Pickup		RTG hrs for Discharge		Total RTG hrs demand		RTG hrs for Pickup		RTG hrs for Discharge		RTG hrs for Pickup		RTG hrs for Discharge		RTG hrs for Pickup		RTG hrs for Discharge		RTG hrs for Pickup		RTG hrs for Discharge

				5C		7.00		1.67		8.66				0.83				0.83				0.00				0.00

				5D		5.96		0.00		5.96				0.00				0.00				0.00				0.00

				5E		5.57		3.00		8.57				1.50				1.50				0.00				0.00

				5F		6.50		0.00		6.50				0.00				0.00				0.00				0.00

				5G		6.56		0.00		6.56				0.00				0.00				0.00				0.00

				5H		9.01		0.00		9.01				0.00				0.00				0.00				0.00

				New		6.63		3.33		9.96				0.00				0.00				1.67				1.67

				6C		1.25		0.23		1.48				0.00				0.00				0.00				0.00

				6D		1.75		0.00		1.75				0.00				0.00				0.00				0.00

				Total		50.21		8.23		58.44		0.00		2.33		0.00		2.33		0.00		1.67		0.00		1.67

				Step 6- Optimize an RTGs deployment schedule among blocks each 2 hrs.period during the study 8 hrs.shift (allocate 2 RTG a block in the time of discharge)

				RTG deployment schedule among blocks each 2 hrs. period during gate operating hours

				Block/Period		7:00 a.m. till 9:00 a.m.		9:00 a.m. till 11:00 a.m.		11:00 a.m. till 1:00 p.m.		1:00 p.m. till 3:00 p.m.

				5C		2		2		0		0

				5D		1		0		1		1

				5E		2		2		1		1

				5F		1		0		1		1

				5G		1		1		1		1

				5H		1		1		1		2

				New		0		1		2		2

				6C		0		0		1		0

				6D		0		1		0		0

				Total		8		8		8		8

				Step 7- Translate the RTG deployment schedule into total number of available appointments per block per time period during gate operating hours based on RTG travel time matrix between blocks

				Travel Time matrix of eligible RTGs in blocks to sink blocks(in minutes)

				From/To		Sink block

				RTG initial  position		5C		5D		5E		5F		5G		5H		New		6C		6D

				5C		0		10		15		20		25		30		35		10		15

				5D		10		0		10		15		20		25		30		15		10

				5E		15		10		0		10		15		20		25		20		15

				5F		20		15		10		0		10		15		20		25		20

				5G		25		20		15		10		0		10		15		30		25

				5H		30		25		20		15		10		0		10		35		30

				New		35		30		25		10		15		10		0		40		35

				Appointment schedule for pickup service based on RTG deployment by time period among blocks

				Block/Period		7:00 a.m. till 9:00 a.m.		9:00 a.m. till 11:00 a.m.		11:00 a.m. till 1:00 p.m.		1:00 p.m. till 3:00 p.m.

				5C

				5D

				5E

				5F

				5G

				5H

				New

				6C

				6D





Proposal 1

				Year		Month		Day		Date		Weekday

		Date		2006		1		20		1/20/06		5

				Expected Workload to be handled

						Expected Pickups

						Adjusted								Total Containers

				Block		Predicted		Special Works		CI		Reefers		to be Handled								Expected RTG Workload/day/block

				5C		43		4		6		5		58						Block		Total Expected Workload		RTG-hrs		RTG-min.

				5D		36		4		4		8		52						5C		53		6.62		397

				5E		35		4		4				43						5D		44		5.46		328

				5F		40		4		4				48						5E		43		5.32		319

				5G		42		4		6				52						5F		48		6.00		360

				5H		57		5		8				70						5G		52		6.56		394

						253								323						5H		70		8.76		525

																				New						0

				Expected RTG Workload/day/block																6C		5		0.63		38

				Block		moves/hour		RTG-hrs		time b/w blocks		Total RTG-hrs								6D		8		1.00		60

				5C		8		7.2		0.5		7.7

				5D		8		6.5		0.5		7.0

				5E		8		5.3				5.3

				5F		8		6.0				6.0

				5G		8		6.6				6.6

				5H		8		8.8				8.8

								40.3				41.3

										Travel Time matrix of eligible RTGs to sink blocks(in minutes)

								Eligible RTG		From		To Sink block

										RTG initial  position		5C		5D		5E		5F		5G		5H		New		6C		6D

								No.1		5C		0		10		15		20		25		30		35		10		15

								No.2		5D		10		0		10		15		20		25		30		15		10

								No.3		5E		15		10		0		10		15		20		25		20		15

								No.4		5F		20		15		10		0		10		15		20		25		20

								No.5		5G		25		20		15		10		0		10		15		30		25

								No.6		5H		30		25		20		15		10		0		10		35		30

								No.7		New		35		30		25		10		15		10		0		40		35

										RTGs Deployment between blocks during shift 1														Appointments

		Shift1		Period		Block		RTG Assignment		RTG Availability in the block		Travel time lost		Accidental time loss		RTG min.Available		RTG min./move		RTG available moves/period		Available No.of appointments		XT Quota		IT Quota		Discharge Quota

				7 till 9		5C		No.1		1		0				120		7.5		16		16

						5D		No.2		1		0				120		7.5		16		16

						5E		No.3		1		0				120		7.5		16		16

						5F		No.4		1		0				120		7.5		16		16

						5G		No.5		1		0				120		7.5		16		16

						5H		No.6		1		0				120		7.5		16		16

						New		No.7		1		0				120		7.5		16		16

						6C		No.1		0		0				0		7.5		0		0

						6D		No.2		0		0				0		7.5		0		0

				9 till 11		5C		No.1		0		0				0		7.5		0		0

						5D		No.2		0		0				0		7.5		0		0

						5E		No.3		1		0				120		7.5		16		16

						5F		No.4		1		0				120		7.5		16		16

						5G		No.5		1		0				120		7.5		16		16

						5H		No.6		1		0				120		7.5		16		16

						New		No.7		1		0				120		7.5		16		16

						6C		No.1		1		10				110		7.5		14		14

						6D		No.2		1		10				110		7.5		14		14

				11 till 1		5C		No.1		1		10				110		7.5		14		14

						5D		No.2		1		10				110		7.5		14		14

						5E		No.3		1		0				120		7.5		16		16

						5F		No.4		1		0				120		7.5		16		16

						5G		No.5		1		0				120		7.5		16		16

						5H		No.6		1		0				120		7.5		16		16

						New		No.7		1		0				120		7.5		16		16

						6C		No.1		0		0				0		7.5		0		0

						6D		No.2		0		0				0		7.5		0		0

				1 till 3		5C		No.1		1		0				120		7.5		16		16

						5D		No.2		1		0				120		7.5		16		16

						5E		No.3		1		0				120		7.5		16		16

						5F		No.4		1		0				120		7.5		16		16

						5G		No.5		1		0				120		7.5		16		16

						5H		No.6 & No.7		2		10				230		7.5		30		30

						New		No.7		0		0				0		7.5		0		0

						6C		No.1		0		0				0		7.5		0		0

						6D		No.2		0		0				0		7.5		0		0

																						438

								Available RTGs minutes in blocks during shift 1

						Block		Available RTG minutes				Requested RTG minutes

						5C		350				397

						5D		350				328

						5E		480				319

						5F		480				360

						5G		480				394

						5H		590				525

						New		360				0

						6C		110				38

						6D		110				60
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