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Introduction 
 
This paper describes the development of a unique load-bearing system providing hands-free carriage by 
distributing weight across the lower body, which constitutes the strongest structures of the human 
anatomy. The Hip Harness Carrying System enables users to utilize their arms and upper body for 
various tasks or additional support in a variety of applications including emergency rescue, agricultural 
harvesting, construction work, military transport, and diverse general carrying tasks. 
 
The hip harness arose from a realization that the best emergency medical care is ineffective if geographic 
conditions block access. Within the compressed, disorganized architecture of numerous underserved 
urban settlements, such barriers are defined  by a maze of confining alleys, open-air sewage drains, 
uneven terrain, and crowds of people in transit. Reality for the poorest often means that help never 
arrives. 
 
A case can be made that introducing the proper tool would not only improve the reliability of health 
services delivered to slum dwellers, but will also facilitate other tasks that may benefit a much larger 
population. Due to the characteristics of the environment and the challenges they impose, designing 
equipment for rescue in slums will contribute to better rescue in other emergency scenarios, such as in 
natural disaster sites, vertical construction, and war zones – all of which can occur virtually anywhere on 
the planet. 
 
During development of the Hip Harness Carrying System, a number of corelated applications expanded 
the use of the product, helping to justify its production far beyond its initial function. Mainstreaming 
technology designed for a particular context, allows the distribution of the hip harness across broad 
geographic, socioeconomic and cultural contexts. Identified applications include carrying outdoor 
equipment, such as canoes and gear; pulling/pushing rickshaws and carts; harvesting fruit; use in 
construction sites; and other manual labor tasks involving carriage. 
 
The following sections of the paper present characteristics of urban slums, analysis of existing carrying 
methods, biomechanical data on human movement and carriage, and the features and applications of the 
final design solution. The Hip Harness Carrying System presents users with the advantage of hands-free 
carriage, and the ergonomic distribution of weight to diminish back overload and enhance the safety of 
the task, bringing benefits to both rescuers and victims.   
 
Context: Slums 
 
Slums are squatter settlements usually localized near large urban areas. Despite their close proximity to 
the city, they are often deprived of basic services and infrastructure, such as clean water and sanitation, 
electricity, paved streets, access to health-care facilities, public transportation, amenities, etc. Historically, 
these settlements have been inhabited by migrants from rural areas attracted to the supposed abundance 
of opportunities. Housing in big urban centers is expensive, forcing many to pursue alternative solutions 
to live in proximity to employment, where these dwellers constitute a substantial portion of the working 
force. 
 
Slums are often precariously settled on riverbanks, hillsides, or other locations with high risks of flooding 
and landslides. Rapid population growth results in the formation of unhealthy, congested communities; 
aggravating living conditions, notably in the increased transmission of communicable diseases, scarcity of 
resources, pollution, and accumulation of waste. All these factors contribute to weaken the health 
condition of slum dwellers. 
 
Slums are found throughout the developing world. Over 82% of Brazil’s 186 million people live in urban 



centers, 37% of which live in slums; 79% of Nigeria’s urban population is composed of slum dwellers; and 
138 million Chinese inhabit squatter settlements (UN, 2001). Environmental characteristics of these 
heavily populated settlements make it particularly hard for emergency responders to assist community 
members in need. Streets are narrow and unpaved, impeding access to vehicles; there is little orientation 
signage, maps, or street names; and terrain can be rough and steep, all making navigation difficult 
(Figure 1).  
 

 
 
It is very unlikely that slums will stop growing. In fact, UN projections estimate that within the next 30 
years, the world will have 2 billion people living in unhealthy, inappropriate settlements, unless serious 
actions are taken to improve the living conditions of the urban poor. With that in mind, we believe design, 
as a professional practice concerned with enhancing the human experience through the development of 
objects, should prioritize addressing an issue of such magnitude. 
 
Current carrying solutions for emergency response have been mainly designed for use in environments 
that provide space, navigation resources, and access to close motorized transportation--elements that 
facilitate primary care--but cannot be found in squatter settlements. In addition, carrying patients always 
involves either the use of the responders’ hands as the load-bearing/transporting means or the use of 
wheeled devices to diminish energy expenditure and facilitate locomotion. The common location of slums 
in precipitous hills, often times accessed via steep flights of stairs or poorly built pathways, makes the use 
of wheeled devices difficult if not impossible. In natural disaster sites, the accumulation of debris presents 
a similar scenario, obstructing the effective use of available carrying devices.  
 
Existing Carrying Methods 
 
The research analysis identified 117 types of carrying methods and devices that included load, gear, and 
people carriage, focusing primarily, but not exclusively, on vernacular solutions. The sample was 
analyzed and organized in 2 categories: A. Wheeled, B. Nonwheeled. These categories were then 
subdivided into 5 groups: A.1. Wheeled, Motorized, A.2. Wheeled, Animal powered, A.3. Wheeled, 
Human-Powered, B.1. Nonwheeled, Stretchers, B.2. Nonwheeled, Miscellaneous. 
 
From this universe of 117 methods/devices collected through research, 20 were selected that best 
represented the range of alternatives. Analysis charts were prepared for each transport method including 
an image of the device, its name, subgroup, number and name of its main components, their function, 
probable materials and manufacturing processes. In addition, a description of how, where and why such 
device would be used was made, as well as the primary body parts and the biomechanics involved when 
using the device. When possible, cost and geographic region were also listed in the charts. 
 
Some analyzed solutions like the Japanese HAL or the American BLEEX, despite being promising and 
potentially very effective, currently comprise, in our understanding, economically unviable configurations 
for most users in the developing world. Both HAL and BLEEX are artificial exoskeletons designed to 
alleviate the weight of loads over a person’s body through the application of advanced computing and 
mechanical engineering. It is important to note that, when thinking about our solution, we considered 



industrial production limitations and scarce access to high-technology resources as restricting 
parameters, since the device would be primarily used in developing world contexts.  
 
Our objective was then to learn from existing successful methods, combining them with optimal usage of 
the mechanical capabilities of our bodies in order to design an effective, low-tech solution for people 
carriage, applicable to emergency rescue situations in the context of slums and other challenging 
environments. 
 

Throughout time, humans have used every part of 
the human body to carry things. These carrying 
techniques can be observed in every corner of the 
globe, although some methods and devices are 
particular to certain areas. Head carriage, for 
instance, has been documented in all continents 
but North America and Western Europe. The 
Dhoko (Figure 2), utilized mainly in Nepal, is an 
example that defies our understanding of load 
bearing. Supported by the carriers’ forehead, the 
baskets are sometimes filled with the equivalent 
of 175 lb. of load, corresponding up to 200% of 
the porter’s body weight (Bastien et al., 2005). 

 
Motorized devices, such as ambulances, are necessary and effective, but their application is limited in the 
aforementioned environment, as they depend on even, paved roads and terrain to provide for drivability 
and maneuvering. Wheeled nonmotorized devices operate similarly, providing the mechanical advantage 
of wheels, which can significantly diminish the effect of the load over the carriers' bodies. Nonetheless, 
when terrain is rough or accessible only via steep stairs or unstable narrow pathways or bridges, they are 
useless and only add to the weight being carried. Nonwheeled methods limit carriers’ mobility, since they 
require hand gripping at all times. These devices place the load on the responders' upper body restricting 
their movements and contributing to chronic back pain and injuries that, in time, might result in permanent 
disability. 
 
Several variables influence how easy it is to carry a given load, particularly the weight of the load; its 
distance from the body’s center of gravity; repetition and time of carriage; rest time; environmental 
conditions (temperature, humidity, surface texture, etc.); technique employed; carriers’ gender, physical 
fitness, and body weight. Since many of these factors cannot be controlled by design, our investigation 
focused on optimizing the task through development of a carrying system that exploits our bodies’ best 
resources for load bearing. 
 
Biomechanical Considerations 
 
Human movement is made possible by the musculoskeletal system, which comprises a semirigid 
framework of 206 bones and 200 joints and a flexible muscular system of 640 skeletal muscles (Watkins, 
1999). The structure of the spine provides for six degrees of freedom and a broad range of movement. 
Consequently, releasing load from the spine during carriage results in a greater ease of mobility and more 
effective functioning of the body in motion. Furthermore, the direct association between load bearing and 
spinal injuries is broadly recognized within the academic community. Lumbar injuries appear as the most 
common cause of back pain among workers, and are usually the result of mechanical overload, which 
“accelerates the degeneration of the discs as they age” (Watkins, 1999). 
 
Most carrying devices employed in the rescue and transport of people place large amounts of load on the 
back of responders. The current nonwheeled methods do not allow for hands-free carriage, impeding 
utilization of the upper limbs for extra support and safety in uneven terrains, such as in most slum 
environments, structures destroyed by earthquakes or tornadoes, and other sites where locomotion is 
made difficult. Hands-free carriage also makes possible to assist victims during transportation, 
contributing to enhanced field care and diminished patient morbidity and mortality. 



 
Placing the load-bearing responsibility primarily on the back, arms and shoulders seems to be a recurrent 
practice that disregards the lower-body structures of our anatomy, which are better equipped to handle 
heavy loads. The hip joint is "one of the largest and most stable joints in the body [...], this joint is well 
suited for performing the weight bearing supportive tasks that are imposed on it" (Papaioannou & Yeni, 
2006). Furthermore, the strongest muscles directly implicated in carrying are the quadriceps femoris 
(Albernethy et al., 2005) and the gluteus maximus rather than the upper limbs and back muscles. In 
addition, many authors have pointed to the advantages of maintaining loads at waist level (Haslegrave, 
2004), and handhold grips for both pushing and pulling at hip height (Chaffin et al., 1999). 
 
By understanding the characteristics of human biomechanics, observing the human body performing its 
natural weight bearing task (a pregnant woman carrying a baby in her womb), considering the challenges 
imposed by rescue in inaccessible areas, and scrutinizing existing carrying methods, the opportunity to 
design a carrying device exploiting the mechanical advantages of bearing weight utilizing the hip and 
lower body as key resources for supporting loads was embraced and developed.  
 
Development of the Hip Harness Carrying System 
 
After completing behavioral, environmental, and 
biomechanical research, the foundation for the 
design process was properly grounded and the 
following guiding parameters were identified: 
 
- Facilitate navigation on rough, steep, uneven, 
unstable terrains, 
- Utilize optimal anatomic structures of human body 
for carrying and lifting tasks, 
- Provide for hands-free carrying, 
- Dispense the use of wheels, 
- Ease the effects of load bearing on carriers’ back, 
and, 
- Allow for low-tech low-cost manufacturing in 
developing countries 
 
Conceptual sketches (Figure 3) led to a number of physical models to explore user interface and 
structural requirements. A rough functional prototype was then assembled; adding in-house manufactured 
metal hooks to an adapted leather work belt. This prototype was used for lifting and carrying tests, which 
involved the participation of local firemen and rescue workers (Figure 4). The prototype presented 
positive results, exciting the individuals involved. Testing indicated the need for two critical improvements. 
First, the design of the hook as an add-on to the belt caused the former to exert large amounts of 
pressure to the greater trochanter (the lateral protrusion of the femur) causing discomfort and hindering 
the carrier’s ability to withstand loads for longer periods of time. Secondly, for some carriers, the flat 
contact area that interfaced with the hip did not provide enough friction or contour to remain stable, 
causing the belt to slip down under load. 
  



 
 
Response to these challenges resulted in design changes, combining the hook with the supporting base 
to achieve a broader integral unit that would decrease the pressure exerted against the carrier’s hip. That 
choice, besides adding more structure to the device, made it possible for the interfacing areas of the 
harness to avoid contact with rigid parts of the anatomy – namely, the great trochanter and the iliac crest 
– eliminating discomfort or pain for carriers. Another benefit stemming from the design refinement is the 
ability for the device to pivot inwards when submitted to forces. Hence, in spite of keeping the smooth 
quality of the contacting surfaces, the belt no longer slips, as the rotation of the harness is proportional to 
the amount of pressure exerted upon it – the heavier the weight, the harder it is for the belt to slide down. 
 
These innovations were confirmed in 
tests that followed the first trials with 
the adapted prototype. A cast-
aluminum part was made in-house to 
verify some aspects of the device’s 
shape, weight, and 
manufacturability. However, 
constraints of the sand-casting 
process limited the appearance 
development of the Hip Harness. 
Sketches and digital model 
refinements (Figure 5) targeted 
product functionality, improved 
aesthetics, and production capabilities that would include die-casting aluminum and injection molding 
reinforced thermoplastics. For mass-production, the use of glass or mineral filled polymers is proposed, in 
order to retain load-bearing structure with the advantages of diminished weight, and lower unit cost in 
comparison with foundry sand casting.  
 
Applicability of the Hip Harness Carrying System 
 
Emergency Rescue 
 



 
 
The features of the Hip Harness present numerous advantages over existing non-wheeled carrying 
methods enhancing emergency response by providing for faster and safer traversing on challenging 
terrains. The possibility for hands-free carriage, allows rescuers to deliver first-care assistance (IV and 
oxygen administration, for example) to victims while evacuating from site (Figure 6). In addition, 
responders can seek support when locomotion is made difficult by environmental factors.  
 
Ascending or descending stairways or inclined terrain carrying injured individuals is currently a precarious 
and strenuous task. The harness facilitates passage by simply making it possible for the lead carrier to 
walk face forward, which cannot be achieved using available stretchers. When performing lifts above 
chest level or when carrying for longer periods of time, the hip harness offers support for the carriers to 
switch grip or rest their upper body’s muscles, concentrating the weight on the stronger structures of the 
lower body. 
 
Military 
 
Field applications of the device are plenty. Harkening to the abovementioned driving force of the project is 
the ability to more effectively rescue wounded or disabled soldiers during or following confrontations. 
Cohorts could assist allies in need more safely, as the hip harness enables personnel to utilize weaponry 
or communication devices as they maneuver in war zones to better protect themselves even as they 
focus on saving others.  
 
Another key application is the delivery of supplies and equipment to the frontline. Current methods are 
often large and clumsy and easily targeted by the enemy. Rapid and agile deployment of provisions in 
difficult terrain, including today’s urban war zones would contribute to soldiers’ endurance and ability to 
fight better and longer.  
 
Construction 
 
A number of materials applied in commercial construction could be more conveniently carried using the 
hip harness. One- or two-man carrying of beams, reinforcement bars, and tools would be made easier 
utilizing the hip bones and lower body muscles for weight bearing, leaving the arms for stability. Other 
common materials could also be carried with greater ease by adding a durable bag or strapping 



mechanism to the system. The bag would hold bricks, sand, stones, and hardware, whereas the hip 
harness would support the load, freeing the carrier’s hands to hold more materials, aid in locomotion, or 
perform construction tasks. 
 
Harvesting and Sowing 
 
Utilizing a basket or bag that hooks onto the device, fruit 
pickers and farmers can improve on their daily activities of 
collecting and planting. The placement of the bags to the 
sides of the body, aligned with its gravity center, provides 
for a more natural carriage and contributes for better upper 
limb movement when harvesting, as the task of loading the 
bags does not require repetitive bending or twisting of the 
spine. Using ladders to reach the taller branches of trees is 
made easier since the Harness keeps the bags away from 
the harvester’s knees and legs when climbing up and 
down (Figure 7).  
 
Conclusion          
 
In developing a simple, low-tech solution inspired by the body’s natural weight bearing function of the hips 
and lower limbs, the Hip Harness Carrying System contributes to lightening the load for all people 
performing numerous lifting and carrying activities in a variety of environments and situations. 
 
Understanding the mechanics of human carrying and weight bearing and how the structures of our bodies 
function when withstanding loads, and learning from existing vernacular and industrial solutions to 
facilitate the tasks of lifting, holding, and transporting people and things, informed the design of a more 
effective device for a historical need of humanity. Such investment constitutes the essence of the 
endeavor to optimize the interface between man and the environment through the invention of purposeful 
material implements.     
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