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Introduction
Barbara Eden, Director of Preservation and Collections for Olin Library, contacted the Cornell Musculoskeletal Injury Prevention Program (MIPP) to provide injury prevention resources to her department.  Consultants to the MIPP, Todd Baker and Scott Jones, have conducted departmental job task and environmental analysis in this effort. This report provides a summary of findings and recommendations to support the department’s efforts in promoting a healthier and more productive workplace.


Book Truck Handling
The primary means for transporting books throughout the facility is using manual book trucks.  Books are moved from old to new storage facilities, received, and delivered on these trucks.

Push/Pull Guidelines—The consultants measured forces required to move fully loaded book trucks. Initial and sustained push forces of a sample of loaded carts moved inside (on various surfaces) were measured up to 80 lbs-force. Average initial force was measured between 45-50 lbs-force.  Normative data regarding maximum acceptable push/pull/carry forces are available for various employee populations and work tasks.  The evaluator has selected the following as an illustration:

Maximum Acceptable Forces for 50th percentile female (thus including half the female and most of the male employee population).  The longer the push/pull, the lower the max recommended weight.

50’ Push					7’ Pull
		Initial force	53 (lbs-force)			Initial		66 (lbs-force)
		Sustained	33				Sustained	44


**Note—these values reflect optimal conditions and body mechanics.  Therefore acceptable forces in the field are lower.  Source Snook, Ciriello, 1991.

Recommendations—forces required to move fully loaded book trucks exceed maximum recommended limits in some cases.  
· When possible, don’t load trucks fully.  Only loading the upper 2 shelves to will reduce force and awkward bending/stooping required to move books.) 
· Push slowly as moving faster increases resistance and forces on the body. 
· Take care to use good push/pull mechanics—additional employee training is recommended.
· See below for additional book truck design considerations
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The department indicated that they have approximately 80 trucks total: 
· 10 Tall carts
· 30 old standard height
· 40 new standard height (shown)

The number of trays each truck typically carries depends on the size of books:
A: 16
B: 14
C: 12
D: 10
E: 12
 
Average D tray weight was measured by consultants: 56.1 lbs (Min 48 lbs, Max 66,  Total weighed 10)

The department indicated that truck maintenance is completed as needed or requested.  There is currently no formal preventive maintenance schedule.  The consultants observed several of the trucks to have deferred maintenance--the equipment had bent castors, damaged wheels, and rough/sharp edges to push against.  Please refer to photo 1 below.
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Bent castors/damaged wheels increase chances of injury due to significant increase in force needed to push or pull cart.   The starting force varies largely depending on wheel style and the duration the truck has been stationary. Trucks with older style soft rubber tend to get flat spots the longer they rest with weight (see image 2 above).  This increases needed initial start force.   Newer trucks have harder plastic wheels which resist flat spots and maintain rolling with less effort.   
 
Recommendations
Design, maintenance and utilization of books trucks can go a long way toward reducing risk in work at the Annex. Push pull forces can be reduced and tray/book lifting can be improved.  Please consider the following:
· Preventive maintenance—consider developing a scheduled maintenance review of truck to ensure optimal performance.
· Hard casters—consider replacing rubber caster with harder wheels to reduce rolling resistance and, perhaps, increase equipment life.
· Only load top 2 shelves—leaving the bottom shelf open would accomplish several objectives:
· Reduce the weight of the trucks and push/pull forces by ~1/3  
· [image: ]Reduce awkward, repetitive bending and lifting when handling trays/books at lower levels
· Reconfigure truck shelves— Lower the top 2 shelves to promote lifting of trays at safer heights. The trucks are already pre-drilled to allow for shelf heights 5" above/below the current position (see image at right).  For ease of modification, use these for changing shelf heights.  Lower the top shelf from 46” down to 41” and the second shelf from 31” down to 26”.  Since the bottom shelf is no longer in use, the lower shelves will also lower the center of gravity making the trucks less top heavy and, presumably, reducing the risk of carts tipping. (For detailed analysis of reduced book handling risk at these proposed levels, please refer to the ”Book Lifting” section.)


Book Processing

Retrieval from Old Warehouse—the consultants observed staff pulling books and loading trucks, then transporting trucks to the central processing area.  Risks identified included:
· Awkward body mechanics associated with low and high retrieval, grasping multiple books—see images below
· Excessive forces required to move full trucks in confined spaces—see images below
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Recommendations
· Lighten truckloads to reduce  unnecessary forceful exertion
· Body mechanics training to address spine, shoulder, hands/wrists and lower extremity joint protection

Accessioning—for the purposes of this study, the term ‘accessioning’ is used to describe the job of processing books to be stored in the new warehouse facility.  Tasks include sizing, barcode scanning, computer data entry and filling trays in which the books are transported and stored.
A full time employee was timed to accession and fill a truck with D high/low books in roughly 18min.  Another temporary staff person did so in 13:30 using books already sized/scanned. The department indicated that may be done for up to a few hours consecutively.  The process is fairly continuous though if a worker accidentally improperly sized a book then the accessioner will have to walk to another area to find accurately sized books, thus giving him/her a break. Refer to images illustrating awkward body mechanics below: 
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Staff remove books from the truck, scan each book in tandem with its tray, load each into a tray and then lift the trays onto the truck.  A variety of techniques and adjustments unique to each staff member were observed.  One task that consistently caused most workers awkward, repetitive wrist deviations was barcode scanning—see image 1 below.  Consider a tool modification that will improve hand interface with this process. Data entry on computer workstations was also observed.  Awkward spine/neck and extremity postures were observed, though actual computer use was sporadic. 
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Ergonomics analysis of accessioning using the Rapid Upper Limb Assessment (RULA)—the RULA was performed to provide a risk assessment for the repetitive accessioning process. When all postural and force risk factors were entered into the equation (worst case scenario), the task triggered significant risk (score 7).  When scored with the improvements possible with environmental adjustment and improved technique (best case), the score improved to 5.  Conclusion—repetitive and forceful exertions of the accessioning process carry significant risk.  Frequency and duration should be controlled to allow sufficient rest and recovery. Training for improved body mechanics and work surface adjustments can improve RULA scores and reduce the risk for injury while accessioning.  (Please see Appendix A for a print-out of the results).
 
New High Density Warehouse--Shelving and pulling the trays from this warehouse involves operating a large forklift to transport book trucks and manually handling trays to shelve or pull books.  This process isn’t highly repetitive because safe lift operation limits how many books they can handle. Demands include handling/lifting trays in confined space and some awkward movements to set/pull the second row of trays in each column. Tasks can be slightly modified by how the worker positions the lift. Education appears to be the primary intervention for improving both processes.  In addition, workers in this process would also benefit from the adjusted shelf heights proposed for the modified trucks.  
 
Assembling Book Trays-- The work height is reasonable and the pace is directed by the builders.  This task provides an opportunity to rest recover from more demanding jobs.
 
Book Scanning   
[image: ]There are two primary computers for scanning, depending on where the scanned books are going to somewhat determines which station will be used.  The scanner that was favored due to its ability to support large books and ability to send via intra-net is the scanner that provided the most awkward position.  The worker stands with their shoulders and hips towards the book they are scanning and then proceeds to turn their neck to the left to view the scanned section.  They do this repetitively and reported they, at times, will scan for several hours.    The worker needs to look at the screen so that they can ensure a clean scan of the document.  Consider installing a wall mounted remote screen on the wall behind the scanner so that the worker can continue to look forward as he/she adjusts the image.   The other scanner had reasonable positioning and the least used scanner was the micro film one which is rarely used.  Staff were able to achieve good positioning. 
[image: ]Book Lifting
Lifting and carrying of individual books and book trays comprises a significant portion of Annex employee workdays.  For instance, a book is handled 4 different times just to move it from the old warehouse to the new high density storage facility.  The physical demands of this material handling are noteworthy, so the consultants have performed a detailed analysis of book lifting task to help quantify risk and inform environmental and training interventions.  The following illustration utilizes the NIOSH Lifting Equation as a tool for quantifying and reducing risk when lifting book trays. Follow the link for additional information regarding the NIOSH Lifting Equation and its applications. See Appendix B for a detailed print-out of the calculation.

The first calculation describes the lift of D trays from standard counter height (36”) to the low shelf of a standard book truck (16”).  Although the average weight of the trays was ~56 lbs, the recommended weight limit (RWL) of the load for lift at the destination was only 21.9 lbs.  The NIOSH equation also calculates a relative value called the Lifting Index (LI)—any value greater that 1.0 is considered a risk that warrants ergonomic intervention.  The LI for this lift at its destination was 2.56. 

A second calculation was completed to quantify the improvement in the lift if the truck shelf was moved to 26” (the proposed height of the second shelf after the trucks are modified). In this scenario, the RWL was 25.95, an increase of 4 lbs in the max load recommended for this lift.  The LI also improved to 2.16, an 18.5% risk reduction.

Conclusions
Moving the destination of the lift to a more comfortable height reduces risk and allow employees to lift more weight safely.  However the computation suggests the risk is still significant, primarily because the D trays are so heavy.  Trays of smaller books will carry less risk, and the improved truck design can still have a proportional effect.  Additional factors that can further improve the lift scores can be addressed with technique training and reducing frequency/duration of lifting tasks. 

Production Implications
The weight of some full book trays (C, D, D high) are heavier than recommended, even for a one-time lift.  Yet, Annex staff are required to handle them repetitively. The forces required to push full book trucks also exceeded recommended limits. Even with the proposed lighter loads and truck modifications, forces will likely approach or exceed upper limits of the guidelines. 
In cases where the work environments cannot be engineered to eliminate risk, administrative controls must be put in place. These include limiting frequency of forceful exertions and ensuring that employees have enough time to recover from demanding tasks. This may have a negative impact on production in certain book handling tasks:
· Transporting books on trucks – reducing the maximum load of books on trucks will increase the number of loads (C, D, D high) taken to the new warehouse. Therefore, it will take more time to retrieve and shelf the same number of books. 
· Lifting book trays—reducing the number of book trays lifted per shift will reduce the risk associated with these activities. Therefore, the department should consider implementing a maximum task duration and mandatory rotation.  For example, employees can accession no more than three truck loads of books (approximately one hour) before taking a break or rotating tasks. Again, this may reduce the number of books moved by each employee.
Based on the data and calculations provided in this report, reducing frequency and duration of identified activities will reduce the risk for injury.  These controls are vital to the health and safety of staff, but the department should also consider how it will measure and compensate for decreased productivity in the identified tasks.

Summary Recommendations
To summarize, the following principles will help reduce risks associated with book handling:
· Reduce lifting risk as outlined above
· Keep load and destination as close to waist level as possible
· Reduce push/pull forces as outlined above
· Fix/maintain trucks
· Lighten truck loads
· Reduce handling frequency and rotate tasks to provide staff the opportunity to recover from demanding work—see Production Implications section above.
· Provide employee back safety and body mechanics training—the consultants have made note of training opportunities related to all tasks observed at the Annex facility. Please consider the MIPP consultants a resource for providing interactive, hands-on continuing education services.

Thank you for the opportunity to provide this consultation.  Please contact the MIPP consultant to further support your injury prevention efforts.

Todd Baker, OTR/L, CEES
Lead Ergonomics Consultant
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NIOSH Lifting Equation

Note: The following tool uses JavaScript to make calculations. if you have scripting disabled or the device you are using does not support JavaScript,
visit the NIOSH website for more information on this equation.

Job Analysis Worksheet
Department: CU Library Job Description: | Ana
Job Title: D-High Trays to Low Cart Shelf I
Analyst's Name:
Date: August 2010
Step 1. Measure and record task Variables
Object Hand Location (in) Vertical Asymmetric Angle (Degrees) Frequency Rate Duration Object
Weint(be) Origin Dest. Distance|(n) Orign Destination lifts/min. (HRS) couping
H \ H \4 D A A F Cc
56 15 | 35 | 15 | 15 20 0 45 0.5 >1but<=2 Fair

Step 2. Determine the muiltipliers and compute the RWL's
RWL=|LCI{X|{HM|X|VM|XIDM|X|AM |X{FM|X|CM

Origin 27.46 |51 |X].67 [ X|.96 |X|.91 |X]1.00|X]|.92|X]|1.00

Destination | 21.90 |51 | X|.67 | X}.89 [ X|.91 | X|.86 |X].92|X|1.00

Step 3. Compute the LIFTING INDEX = Object Weight/ RWL
Origin u= 56 ! }271.48 = |204

Destination u= 56 I }21.90 = |2.56

Recommendation Based on Lifting Index:

The NIOSH lifting equation determines this lifting task should be studied and engineering or ergonomic improvements should be
implemented to reduce the risk of injury.
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NIOSH Lifting Equation

Note: The following tool uses JavaScript to make calculations. If you have scripting disabled or the device you are using does not support JavaScript,
visit the NIOSH waebsite for more information on this equation.

Job Analysis Worksheet
Department: CU Library Job Description: | Analysis of lifting D-High trays from table to
lowest cart shelf AFTER CART
Job Title: D-High Trays to Low Cart Shelf—
Proposed
Analyst's Name:
Date: August 2010
Step 1. Measure and record task Variables
Object Hand Location (in) Vertical Asymmetric Angle (Degrees) Frequency Rate Duration Object
Waeight (Ibs) T Distance (in) 3 % Coupling
Origin Dest. Orign Destination lifts/min. (HRS)
H|IV|H}V D A A F o]
56 15 | 36 | 15 | 25 <=10 [ 45 0.5 >1but<=2 Fair

Step 2. Determine the muitipliers and compute the RWL.'s
RWL=|LC|X|HM|X|VM|X|DM | X]AM [X|FM|X]|CM

Origin 30.18 |51 |X|.67 | X|.96 | X]1.00|X|1.00[X|.92|X]1.00

Destination | 25.95 |51 | X|.67 | X|.96 | X}1.00]|X|.86 |X|.92|X|[1.00

Step 3. Compute the LIFTING INDEX = Object Weight / RWL
Origin u= |s6 |/ |3018 = {188

Destination U= 56 | |25.95 = (216

Recommendation Based on Lifting Index:

The NIOSH lifting equation determines this lifting task should be studied and engineering or ergonomic improvements should be
implemented to reduce the risk of injury.

EMC Insurance Companies © Copyright Employers Mutual Casualty Company 2010. All rights reserved.
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