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Abstract 

Bamboo has become one of the world’s most important non-timber forest products, 

which have been advocated for poverty alleviation in many regions. Ethiopia utilized 

below its potential due to a limitation of scientific knowledge, modern practice, code 

of practice, and awareness of its management and utilization. This paper aims to 

develop physical testing with the corresponding physical and mechanical properties of 

bamboo as scaffoldings to verify that Ethiopian highland bamboo from Awi zone is 

applicable for this use and try to adapt the Asian experience to the Ethiopian context. 

The study is designed to conduct one-story bamboo scaffolding physical tests on a 

specified site for different parameters. Accordingly, five different experimental 

designs are set for physical testing with different post spacing, bracing, and 

connecting material. Before conducting the physical test, the physical and mechanical 

properties of the bamboo culms are determined and a sound connecting material is 

selected through experiments. Each of the experimental designs is subjected to a 

physical loading using soil bags on site and their load-carrying capacity is determined 

by recording the corresponding deflection or displacement in response to the loading. 

The result shows that the Awi zone highland bamboo has a good and sometimes better 

physical and mechanical properties compared with the Asian and other bamboo 

species; with an average compressive and tensile strength of 78.96Mpa and 

237.77Mpa respectively. All of the experimental designs withstand a different level of 

load carrying capacity ranging from 0.76kN/m
2
 to 4.5kN/m

2
 governed by the British 

standard and found that keeping the material property constant the post spacing, 

connection material and bracing have a significant impact on the stability of the 

scaffolding. It is concluded that the highland bamboos from Awi zone with a 

reasonable design and good construction technique are applicable for use of 

scaffoldings for different level of duties. 

Keywords: Scaffolding, Experimental design, Bamboo, Physical testing, Connection, 

post spacing, bracing. 
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1 Introduction 

1.1. Background of the study 

Bamboo material provides multiple environmental, social, and economic benefits to 

the community and it is one of the fastest-growing plants with a wide range of 

applications in different sectors. It is a tall, fast-growing hollow grass with an 

extensive root system that creates new bamboo shoots and requires no replanting. 

Bamboo is sustainable, lightweight, and cheap and, as long as it remains fairly dry, a 

good construction material with significant mechanical properties [1].  

It is estimated that about 21 million hectares of the earth's surface are covered by 

bamboo forests. Ethiopia has the highest bamboo resource in Africa on an area basis 

[2]. The bamboo species found in  Ethiopia are the highland bamboo  (Yushinia 

alpina)  and the lowland bamboo (Oxytenanthera abyssinica) [3].  

The utilization priorities for bamboo in Ethiopia are for house construction, fencing, 

fodder, fuel wood, household items production, and other smaller uses,  in the order of 

its importance [3]. This study attempts to illustrate how bamboo culm in Ethiopia 

came to be used in the construction industry, mostly in scaffoldings, beyond its 

current utilization. Scaffolding is a temporary structure used to support a work crew 

and materials to aid in the construction, maintenance, and repair of buildings, bridges, 

and all other man-made structures. Scaffolds are widely used on-site to get access to 

heights and areas that would be otherwise hard to get to.  

1.2. Statement of the problem 

Although Bamboo has become one of the world’s most important non-timber forest 

products  (NTFPs)  which have been advocated for poverty alleviation in many 

regions, in Ethiopia it is utilized below its potential due to a lack of scientific 

knowledge and awareness of its management and utilization [3]. Studies have been 

conducted to use bamboo as an alternative for steel reinforcement but it was not 

applicable. Bamboo is quite common for bridges, scaffolding, and housing, but it is 

usually used as a temporary exterior structural material [4].  

In recent periods, government and private companies have been carrying out 

construction sector projects in Ethiopia that use a lot of non-renewable resources. The 
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Eucalyptus tree, a non-renewable natural resource, is used in the majority of these 

building projects as a scaffolding and formwork material. As a result, the availability 

of timber is rapidly declining, and obtaining it is becoming more and more difficult. 

Conversely, employing sustainable and eco-friendly building materials encourages 

local conservation of the diminishing timber supply. Bamboo scaffolds are commonly 

used in Hong Kong and East Asia due to the low costs associated with bamboo [5].  

With its being one of the fastest growing plants in the world, and having the high 

tensile strength (actually more than many alloys of steel), certainly has a great future 

ahead with bamboo construction [4]. It has been practically shown that bamboo 

scaffoldings are very convenient, economical, and efficient for use in many countries. 

The Ethiopian construction sector shall utilize the alternative application of bamboo 

as a structural material for scaffoldings and formworks but has not been studied the 

mode of this bamboo plant physically and experimentally for this use.  

In Ethiopia, until now there is a little published study about physical testing of these 

bamboo scaffoldings with their determined physical and mechanical properties. It is 

known that testing such a phenomenon or a parameter physically in the field is more 

realistic, practicable, and preferable than laboratory tests because it simulates the 

actual loads that act during practice. Connection between members is also crucial for 

any structural frame to keep the scaffolding stable and strong. 

1.3. Scope of the study 

The research area falls in the Awi Zone, Amhara Region, Ethiopia and the study 

focuses only the highland bamboo species because Ethiopia has more than 1 million 

hectares of bamboo in 2014; Out of total bamboo resources, highland bamboo 

(Yushania alpine) covers 92% of hectares [6].  

Both laboratory and physical testing are carried out for the scaffolding. The physical 

test involves determining the carrying capacity and appropriate connection type, 

whereas the laboratory tests are a supportive tool to determine the properties of the 

material used for scaffolding. The bamboo culm samples are not given any extra 

treatment during any of the activities. 
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This study only focuses on double-layered bamboo scaffolds (DLBS), which are the 

most popular form among the three primary types of scaffolding—truss-out, 

signboard, and double-layered bamboo scaffolds. 

This study includes all scaffolding duties as specified in the BS-5973 standard; 

however, false works, such as supports beneath fresh laid concrete, are not included.  

This research is limited to a one-story bamboo scaffolding frame with and only three 

different independent variables are examined keeping the material properties constant.  

1.4. Objectives 

To investigate the Structural Performance of Scaffolding made of Yushania Alpina 

Bamboo Material from Awi zone. 

 Specific objectives: 

 To determine the physical and mechanical properties of highland bamboo 

located in the Awi zone. 

 To conduct a physical test and examine the overall load-carrying capacity of 

bamboo scaffolding as a frame. 

 To develop and test a standard mode of connection between horizontal and 

vertical members of bamboo scaffolding and propose an alternative and 

effective joint material and method for connecting bamboo culms. 

 To determine the most effective parameters of bamboo scaffolding that affect 

the stability and capability of the structure. 

1.5. Methodology 

Various materials and methods have been employed to satisfy the research's general 

and specific objectives. 

In light of this, the materials for the bamboo samples were gathered from the Awi 

zone in the Amhara region and exposed to the atmosphere for over three weeks in 

order to allow them to air dry. Before the construction of bamboo scaffolding for 

physical testing the physical and mechanical properties of bamboo samples were 

determined in laboratory and field measurements.  
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Regarding connecting materials, nylon plastic wires are chosen based on prior 

experience from China, and a different option, polypropylene (PP) sutli, is suggested 

using materials that are readily available locally. Following laboratory testing, the 

mechanical and physical characteristics of these materials were established, and both 

were applied in the physical bamboo scaffolding experiment and then the result is 

discussed. 

Five experimental bamboo scaffoldings were created with consideration for the most 

important factors influencing the stability of the bamboo scaffolding frame in order to 

be tested physically. The HB-CNP, HB-CPS, HB-S80, HB-S120, and HB-BRS are 

the five experimental designs. Highland bamboo is referred to as HB, connection with 

nylon plastic is referred to as CNP, Connection with PP sutli is referred to as CPS, 

vertical member spacing is referred to as S-80 and S-120, and bracing is referred to as 

BRS. 

Following the physical construction of the bamboo scaffoldings, a 30-kg bag of soil is 

loaded over until any observable failures have occurred, and the displacement at each 

of the three bags is recorded. The results are presented using tabular and graphical 

methods using load versus displacement orientation. The displacement was measured 

using total stations, and the results were manually checked by lining a thin wire to a 

fixed reference point. Finally, the discussion is made based on different Asian and 

European standards. 

1.6. Significance of the study 

Bamboo is a versatile plant that grows in diverse climates and environments, making 

it a valuable resource for biodiversity studies. This study tries to create understanding 

of bamboo ecological role, which contribute a broader knowledge about sustainable 

ecosystems and conservation practices. The Research contributes to knowledge about 

sustainable manufacturing and innovative uses of natural resources in the construction 

industry. Understanding bamboo's economic potential contributes to knowledge about 

poverty alleviation, sustainable development, and rural-urban linkages. 

Bamboo offers a renewable and sustainable alternative to traditional materials like 

wood, steel, and concrete. Research into bamboo-based construction materials can 

lead to innovations in manufacturing processes, cost-effective solutions, and 
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environmentally friendly products. Bamboo's strength-to-weight ratio, durability, and 

flexibility make it an ideal material for construction and architecture. Research 

focuses on bamboo's structural properties, treatment methods for enhancing longevity, 

and engineering applications can lead to the development of eco-friendly buildings 

and infrastructure. 

In summary, studying bamboo's significance for industry stakeholders involves 

exploring its diverse applications, sustainable advantages, and economic potential 

across multiple sectors. It represents a pathway towards environmentally responsible 

practices, economic development, and innovative solutions in various industries 

worldwide.  
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2 Literature Review 

In Ethiopia, Amhara Region bamboo research is confined to indigenous knowledge 

and case studies; there is not a single local standard or guideline dedicated to the use 

of bamboo as a construction material. This makes the research special in its area of 

study. The literature listed below demonstrates the availability, capability, Properties, 

and possible deficiencies of bamboo as a construction material. 

2.1 Bamboo Resource 

Raw bamboo can be found throughout Asia, Africa, and Latin America. Like wood, it 

has been used in buildings from ancient times as an ecological material with good 

mechanical capabilities, natural elegance, and low cost. Many people in China and 

other countries select bamboo as the primary building material for their homes [7]. 

Ethiopia has over one million hectares of highland and lowland bamboo resources. 

The coverage of lowland bamboo is estimated to be 1,000,000 hectares, while the 

highland bamboo is estimated to be 300,000 hectares. This means that 86% of the 

African bamboo resource is found in Ethiopia [2].  

Lowland bamboo in Ethiopia grows only in the western part along major river valley 

sand in the lowlands bordering Sudan. The highland bamboo ( Arundinaria alpina ) 

on the other hand grows naturally in the south, south-west, central, and north-west 

highlands of Ethiopia [2]. 

2.2 Bamboo Connection 

(Chung, and  Yu, 2002) [8] conducted an experiment for prefabricated bamboo 

buildings, dowel-type bamboo joints are introduced. The structural behavior and 

failure mechanisms of dowelled joints with various configurations were investigated 

in experimental research. Mechanical modeling was used to forecast the load-bearing 

capability of dowel-type fastener connections in timber buildings that run 

perpendicular to the grain, as well as the classification of these connections in terms 

of ductility. The findings were; 

 The use of infilling grout is a successful method of increasing joint capacity. 

 The thicknesses of the bamboo, bolt strength, and grout strength all have an 

impact on the bearing capacity of the dowelled joints. 
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2.3 Properties of Bamboo 

As (Ramanathan, 2008) [1] reported many writers have addressed basic mechanical 

qualities, but unlike timber, bamboo properties are not related to species due to the 

reliance on other elements like geographical location and age. Despite wide 

differences in diameter, wall thickness, and moisture content, representative 

mechanical parameters could be determined, according to the investigations. In 

compression tests, two failure types were identified: end bearing and splitting. High 

moisture content was the main cause of end-bearing failures. Splitting and local 

crushing were identified as reasons for failure in bending tests. 

(Chung, and  Yu, 2002) [9] investigated the mechanical properties of two bamboo 

species, Kao Jue and Mao Jue. The fluctuation of compressive strength versus various 

physical parameters along the length of bamboo culms for both bamboo species was 

investigated in pilot research. Furthermore, for limit state structural design, a 

systematic test series with a high number of compression and bending tests was 

carried out to establish typical values of both the strengths and Young's moduli of 

each bamboo species. Finally concluded that; 

 End bearing and splitting were identified as two failure modes. End-bearing 

failure was discovered in the majority of specimens, particularly in those with 

significant moisture content. 

 Splitting and local crushing were found as two failure modes. The majority of 

specimens failed the Splitting test, notably those with low moisture content. 

Under combined bending and patch load, test specimens with high moisture 

content collapsed, resulting in local crushing. 

(Idriss, 2015) [10] reported that even  if  Ethiopia  is  among  those countries  with  

abundant  bamboo population,  the utilization of Bamboo is limited to the construction 

of houses,  fences,  some ordinary furniture, and household utensils. The use of 

bamboo for scaffolding in other countries demonstrated advantages over other types 

of scaffolding systems due to its flexibility, low cost, and speed of construction.  

The objective of this study is to investigate the physical and mechanical properties of 

Assosa bamboo, To adopt structural design procedures for Assosa bamboo scaffolds 
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from well-established procedures, and to assess the performance of Assosa bamboo as 

a scaffolding system. 

The finding was 

 The moisture content of  Assosa bamboo varies vertically from the bottom to 

the top portions of the culm. The moisture content range of air dry Assosa 

bamboo is 9-25%. The top portions have higher dry density than the bottom 

portion of the culm. And the mean value of dry density is 830 Kg/m
3
 

 The top portion of Assosa bamboo had the highest compressive stress than the 

middle and bottom portions. The fifth percentile of the compressive strength 

for design is taken as 62.5MPa. The fifth percentile of the characteristic 

bending strength for design is taken as 75.8MPa.  The fifth percentile bending 

modulus of  elasticity  is  determined  to  be 11,140MPa. Both mechanical 

properties had a strong inversely proportional relation with moisture content. 

 Among the different bamboo connections only bamboo strips and iron wire 

cross-connection are considered for this study. It is found that the connection 

resistances at the internode are found to be 0.9kN  and  1.4kN  for bamboo trip 

and iron wire respectively. The cross-connection test with the node has 

resulted increase in load resistance for bamboo strips by 50% and for iron wire 

by 60%.  

 In comparison with other conventional construction materials the mechanical 

properties of Assosa bamboo have been comparable to other conventional 

materials like wood and steel. In addition, the mechanical performance of the 

Assosa bamboo scaffold has been found adequate for use as an alternative 

scaffolding material. 

2.4 Axial Resistance of Bamboo 

(Chung, and Siu, 2002) [11] conducted experimental and numerical studies to 

investigate the axial buckling behavior of bamboo columns in bamboo scaffolds. The 

study aims to investigate the axial buckling behavior of bamboo columns in bamboo 

scaffolds and to identify typical routes of failure. The effect of lateral restraint 

arrangement and load distribution is also examined numerically through a systematic 

parametric study. A wide range of practical member lengths was executed to examine 

their axial buckling behavior.  
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A total of four full-scale double-layer bamboo scaffoldings were built and tested with 

the following member configurations and lateral restraint arrangement. 

The findings were: 

 Only axial buckling of bamboo columns occurred without any global collapse 

of the bamboo scaffolds in all four tests, and the structural performance of 

DLBS was found to be adequate in terms of strength and deformation. The 

axial buckling resistances of the bamboo columns under axial buckling were 

measured, and several modes of failure in DLBS members were identified and 

reported. 

 The presence or absence of lateral restraints has a major impact on the axial 

buckling resistances of bamboo columns, and both the simplified and full 

models are capable of accurately predicting the deformed forms and axial 

buckling resistances of bamboo columns. 

 Under evenly distributed stress, the effect of load distribution on the axial 

buckling behavior of bamboo columns in bamboo scaffolds with minimum 

lateral restraint arrangement is substantial. 

2.5 Erection of Bamboo scaffolds 

(Kelbessa, E., et a, 2000) [2]- ―Erection of Bamboo Scaffolds‖ This paper is 

published by INBAR (The International Network for Bamboo and Rattan) an 

intergovernmental organization established in 1997 by Treaty. As of January 2003, 21 

countries and Ethiopia is one of them.  The paper talks about the erection of Bamboo 

scaffolding. 

2.5.1 Bamboo as scaffolding 

Bamboo scaffolds have been widely used in construction applications in Southeast 

Asia, in particular, Hong Kong for many years. Because of their high adaptability and 

low construction cost, bamboo scaffolds can be constructed in different shapes to 

follow any irregular architectural features of a building within a comparatively short 

period. In general, bamboo scaffolds are mainly used to provide access to workers to 

different exposed locations to facilitate various construction and maintenance 

processes. Besides being widely erected on construction sites, bamboo scaffolds are 

also used in signage erection, decoration work, demolition work, and civil work. 
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The use of bamboo has advantages over other types of scaffolds in terms of low 

material cost, simple erection, and adaptability to site conditions. 

Bamboo is a lightweight material that may easily be handled manually, and the 

erection of bamboo scaffolds requires no machinery or sophisticated hand tools. They 

may be cut and tailor-made easily to suit any contour of a construction structure, and 

thus bamboo scaffolds may be erected much quicker than conventional metal 

scaffolds. Moreover, bamboo scaffolds may be securely erected at any level of a 

building stretching a few stories high. This flexibility of bamboo scaffolds is 

particularly advantageous in urban areas where buildings are tall and crowded, 

leaving limited space for construction or maintenance activities. 

2.5.2 Common bamboo members in bamboo scaffolds 

 Posts: They are the vertical members that rest on the ground or steel brackets 

as the primary load-bearing members. They support all the loadings in the 

scaffolding systems such as the self-weight of bamboo members and the 

construction loads.  

 Standards: They are the vertical members that do not rest on the ground or 

steel brackets, and instead, they are attached to the base ledger as secondary 

members with little load-bearing capacity.  

 Ledgers: They are the primary horizontal members which are supported by 

posts and standards. For ledgers supporting working platforms, all the 

construction loads are assumed to act onto the ledgers and thus they are load-

bearing. For ledgers erected at levels between working platforms, they are 

mainly used as safety measures, similar to standards, or simply as ladders for 

workers to climb on. 

 Bracings: They are pairs of diagonal members connected to posts and 

standards in order to form triangulated frameworks. They are very effective in 

providing rigidity against side movements due to lateral or wind loads. 

 Transoms: They are short members connected orthogonally to ledgers in 

order to support working platforms. 

Working platforms are provided with timber planks to allow access for workers, and 

also a level and safe working area for workers to carry out various construction work 

such as plastering and painting. 
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2.5.3 Types of Bamboo Scaffolding  

Bamboo scaffolds are classified by their applications. Some of these applications 

widely adopted in Hong Kong are described: 

 Single-layered scaffolds: They are the basic structural units of scaffolds 

consisting of posts, standards, ledgers and bracings. They are mainly used for 

the provision of access, or for the provision of supporting frame structures for 

screen mesh or advertisement signage. 

 Double-layered scaffolds: They consist of two layers: an outer single-layered 

scaffold and an inner layer of posts and ledgers erected inside. Between the 

two layers, short poles or transoms are connected to both the outer posts and 

the outer standards to the inner posts. The transoms are used to support timber 

planks which form working platforms. They are used for the provision of 

access and also working platforms for various construction activities in 

building construction. 

 Truss-out scaffolds: They are used in locations where it is not practical to 

erect scaffolds from the ground, for example, for repairs of external 

drainpipes, and partial repairs to external facades.  

Double-Layered Bamboo Scaffolding 

They consist of two layers: an outer single-layered scaffold and an inner layer of posts 

and ledgers erected inside. Between the two layers, short poles or transoms are 

connected to both the outer posts and the outer standards to the inner posts (Figure 

2.1 Double layer bamboo scaffolding . The transoms are used to support timber 

planks, which form working platforms. They are used for the provision of access and 

working platforms for various construction activities in building construction. 



 
12 

 

Figure 2.1 Double layer bamboo scaffolding  

2.5.4 Bamboo Scaffolding connection 

(Ramanathan, 2008) [1] reported that Joints in bamboo construction have always been 

tricky. The poles are neither perfectly straight nor round, they have nodes at irregular 

spacing and their thickness varies. Despite such limitations, practitioners have 

developed many connection details over the years. Lashing poles with soaked bamboo 

strips was the preferred method for a long time, but the strips decayed and needed 

constant attention and replacement. 

By the late 1970s, nylon strips had replaced bamboo strips. The new strips made 

erection faster and they also lasted longer, but connections still tended to weaken over 

time due to weathering. This led to Hong Kong researchers specifying engineered 

connections through experimental investigation. The recommended value for basic 

characteristic resistance for each lashing is 1·1 kN with a partial safety factor of 1·1–

1·25. The nylon strips are now well-specified, with a minimum ultimate strength of 

0·5 kN, a width of 5·5–6 mm, and a thickness of 0·85–1 mm. 
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Despite bamboo and lashing materials having been specified, the effort of codifying 

the design data is still ongoing. 

2.6 Bamboo as a building material 

(Hailemariam & Hailemariam, 2018) [4] Bamboo has a long and well-established 

tradition as a building material throughout the world’s tropical and subtropical 

regions. It is widely used for many forms of construction, in particular for housing in 

rural areas. Bamboo is a renewable and versatile resource, characterized by high 

strength and low weight, and is easily worked using simple tools. 

There is a long-standing tradition of bamboo construction, dating back many hundreds 

of years. Different cultures have found in this material an economical system of the 

building, offering sound yet light and easily replaceable forms of shelter. The 

methods, activities, and tools are often simple, straightforward, and accessible even to 

the young and unskilled. Despite human exploitation and unfavorable treatment, trees 

maintain their contributive role towards the dwelling of mankind. Human beings 

enjoyed the benefits of the gift of nature. 

Bamboo culms are used in the building. The thicker culms or strands made up of 

several culms are employed for load-bearing materials such as girder, purlin, post, or 

rafter. Bamboo-based materials are widely used too. In its natural condition as solid 

culms, halved culms, or as longitudinally split strips, bamboo has been used in almost 

all parts of house construction except for the fireplace and the chimneys. 

Bamboo building construction is characterized by a structural frame approach similar 

to that applied in traditional timber frame design and construction. In this case, the 

floor, the wall, and the roof elements are all interconnected, and often one is 

dependent on the other for overall stability. 

2.7 Factors on the possibility of Bamboo as a scaffolding in Ethiopia 

(Amede, et al, 2022) [12] Reported that in several countries, trend bamboo has been 

used as a scaffolding material in building projects. Nonetheless, Ethiopia is known for 

its high population of bamboo vegetation such utilization of the material remained 

untapped.  
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Following that, four major categories for SWOT analysis were chosen to examine the 

Ethiopian construction industry’s stance on the use of bamboo as a scaffolding 

material. 

The investigation focused on four primary topics. The targeted areas were valued 

chain and market assessment, investment incentives, and value addition, bamboo in 

construction and research Support, and timber substitute and resource management. 

The results were: 

 Value chain and market assessment: Ethiopia has one of the largest bamboo 

populations in Africa. Ethiopia is now only a minor player in the global 

bamboo trade. 

 Despite the presence of a vast bamboo population in Ethiopia, most building 

activities utilize the usage of Eucalyptus trees, a non-renewable natural 

resource, as scaffolding material. In this light, bamboo, which grows quickly 

and is abundant in the country, can alleviate the existing burden on natural 

forests. Using bamboo as an alternative material for much more than 

construction fences and houses and agricultural utility products, furniture, fuel 

wood, feed, and fodder might be considered a feasible solution to such a 

problem. 

 The safety aspect is self-explanatory, and the authors believe that factorial 

analysis of the components has indicated that special consideration should be 

given in scaffolding construction of varying loads when utilizing a highly 

variable natural culm. 

 The significant variability in bamboo strength should be appropriately 

considered when designing and preparing the scaffolding material, and 

depending on the type of bamboo species, more energy, methods, and costs 

may be incurred as a result of this issue. This implies that one of the most 

important factors to consider when designing bamboo scaffolding is safety. In 

the case of Ethiopian bamboo, for example, the strength variability of a culm 

would be considered technically by modifying the spacing between scaffolds, 

and alternative sizes of bamboo culm would also be considered as part of a 

solution in how to minimize such strength variability. 
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 Bamboo scaffolding has time and cost advantages, with a shorter lead time 

before construction begins and an economic benefit, respectively. 

2.8 Structural feasibility of bamboo scaffolding 

(Altieri, D. and L. Molari, 2024) [13] demonstrated how bamboo scaffolding can be a 

viable option in Europe. Two prototypes of scaffolding are calculated for the 

refurbishment of two- or three-story buildings, a common typology in European urban 

and extra-urban residential areas. The dimensions of the considered scaffolding are 

1.8 m and 1.0 m for bay lengths and 1.5 m and 0.8 m for bay lifts. 

This study aims to adopt the Asian experience to the Italian and European context. 

Following European and Italian regulations, two scaffolding prototypes are designed. 

Engineered steel connections are proposed, after some preliminary laboratory 

resistance tests. The bamboo used in the paper is bamboo that can grow, for size and 

species, in a temperate climate such as the Italian or European one. 

The design and construction of scaffolding are influenced by the environmental 

context (i.e., the site and the location external or internal to the building) and the type 

of work to be carried out, which can vary from simple ordinary maintenance 

interventions to the construction of new structures. This study focuses on two 

modules considering two and three-bay lengths and is limited to scaffolding with a 

double-layer structure with relatively modest actions. The scaffolding is built near the 

facade of a building and is intended only for maintenance and/or renovation works. It 

can be used on two or three-story buildings, typical of a historic urban center or extra-

urban residential area. 

Connections are a crucial point for frame structures made of bamboo culms. The basic 

idea is to use sufficiently resistant and rigid joints that can be assembled and 

disassembled in a short time and that do not require specialized workers. To simplify 

feasibility and improve the performance and effectiveness of the joints, steel joints are 

introduced. Different joints are designed for the different mutual orientations of the 

culms. All types of joints have in common a steel connection and the use of the steel 

throat band cable tie. 
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Figure 2.2 Bamboo connections with steel clamp (Altieri, and Molari, 2024) 

A structural calculation is carried out according to the current European and Italian 

legislation. In particular, the standards UNI EN12810-1:2004 and UNI EN12810-

2:2004 121,221 together with ISO22156:2021 and NTC2018 are used. 

For the load analysis, EN1281-1:2004 is divided into service and out-of-service. For 

service loads, the legislation establishes various classes with different values of the 

load per unit of surface to be applied based on the nature of the work carried out on 

the scaffolding. In these case studies, since the scaffolding is intended for 

maintenance and renovation works, service class 2 was adopted. Therefore, the value 

of the vertical load was considered equal to 1.5kN/m2. 

The four scaffolding structures (Prototypes 1 and 2 with two or three bay lengths) 

were pre-dimensioned and then verified. The pre-dimensioning was conducted 

considering the transoms subject to bending, the standards, and the ledgers at normal 

stress with the heaviest load of the different load combinations. Subsequently, a 

model was built in Strauss, and all the verifications recommended by ISO22156:2021 

were carried out. The analyses with all the loading conditions were conducted, and the 

verifications were carried on at the ultimate limit state. 

The study concludes that: 

The structure of scaffolding can take on multiple forms based on the dimensions of 

the building and the various limits and obstacles that may arise in the workplace.  
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Two prototypes were calculated within the European regulatory context, with small 

dimensions but widely applicable in European urban and extra-urban areas.  

The structural analysis showed that a single culm could be used for standards, ledgers, 

and diagonals.  

For the first prototype, the minimum diameters of the culms varied between 7.5 and 

8.5 cm, while for the second prototype, they varied between 6.5 and 7.5 cm. These 

dimensions may fall within the production range of Italian or European bamboo and 

are comparable with those currently used in Hong Kong: 7.5 cm for the Mao Jue type 

and 4 cm for the Kao Jue type. 

The species analyzed in the study is the Phyllosctachys edulis (Moso), which can 

grow in Europe. However, other species that are equally performing and 

dimensionally comparable could be employed. 

A crucial point for bamboo scaffolding is the connection system. This paper proposes 

a solution that is easy to use, effective, and with a possible quantification of the 

performance, by employing BAMBUTIX connectors, which are already available on 

the market. 
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3 Research Methodology 

3.1 General 

Out of the total bamboo resources of Ethiopia, highland bamboo (Yushania alpine) 

covers 92% of hectares. Major highland bamboo areas in Ethiopia include Injibra 

(2350m
2
), Bale mountains (56,851m

2
), Gera (37,250m

2
), Arbaminch (5,710m

2
), 

Bonga (7997m
2
), and Masha (18,652m

2
) [2]. As the research area of this study falls in 

the Amhara region, the samples of bamboo for the experiment were taken from 

Injibara city, Awi Zone, Amhara Region, Ethiopia.  

The study is designed to conduct one-story bamboo scaffolding physical tests on a 

specified site for different parameters. The parameters include the physical dimension 

of bamboo culms such as diameter, unit weight and wall thickness and the other 

parameters are from the bamboo scaffolding design such as spacing between vertical 

members, story height, and bracings.  

After the proper construction of the scaffolding, soil bags, which represent dead and 

live loads were gradually loaded onto the working platform of the bamboo frame and 

deformation will be recorded accordingly. The connection between Bamboo members 

were done by conducting laboratory tests for the proposed connection material and 

applying it physically. The participants of the study include Engineers, Researchers, 

bamboo suppliers, and carpentry. 

MS software were used for data analyzing purposes, and compression and tensile test 

machines were used for testing the strength of the bamboo culms. 

3.2 Sampling techniques 

The strength and mechanical properties of bamboo are influenced by several factors 

such as the type of species, harvesting age, climatic and soil conditions, moisture 

content, location of the sample concerning the length of the culm, and the presence or 

absence of nodes [14]. The samples were selected randomly having different 

diameters and lengths. The following criteria were considered while choosing the 

samples based on referred previous experience and knowledge of bamboo: 

 The sample culms age should be 3–5 years. 

 The sample must be only harvested in the dry season. 



 
19 

 The physical properties of the bamboo including moisture content should be 

determined before use. 

 Samples with high moisture content should be avoided 

 The samples must last at least 2 weeks after being harvested before using 

them. 

Accordingly, the bamboo sample shown in Figure 3.1 A and B has the characteristics 

listed in Table 3-1. 

Table 3-1 Characteristics of sampled bamboo 

Characteristics Description Remark 

Species highland bamboo  

(Yashinia  alpina) 

Based on referred journals 

(Kelbessa, et a, 2000) 

Location Injibara city, Awi zone, 

Amhara region 

Genbeha Kebele 

Age 3-3.5 years Direct interviews of 

farmers 

Air drying time 26days Starting from the harvested 

date 

Treatment No treatment  

 

 

Figure 3.1 A. Samples of bamboo culm    B. Air drying of bamboo culm 
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3.3 Determination of Physical and Mechanical Properties 

Having the samples on hand, it is important to evaluate the physical and mechanical 

properties of the samples before the physical test is conducted; to give some decision 

later after having the results. Among the mechanical properties, tensile, compressive, 

and bending strengths are considered to highly affect the stability of scaffolding 

therefore these tests are conducted and discussed. 

Accordingly, physical and mechanical properties were determined by preparing test 

specimens and then measurements and tests were conducted as follows. 

3.3.1 Physical Properties 

 The primary physical properties of bamboo culms are: 

1. External diameter, D, 

2. Wall thickness, t (and cross-sectional area, A) 

3. Dry density, ρ, and 

4. Moisture content, m.c. 

 Some of these physical parameters vary significantly along the length of 

bamboo culms, depending on the species [9]. In addition to this, the spacing 

between nodes is determined.  

 

 

Figure 3.2 General section of a bamboo culm 
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1. Diameter (D): The External and Internal diameter is determined by direct 

measurement using the vernier caliper tool as shown in Figure 3.3. 

2. Wall thickness (t): Calculated as the difference between external diameter and 

internal diameter. Alternatively, it can be measured directly by vernier calipers 

(Figure 3.3). 

 
Figure 3.3 Measurements with caliper 

3. Dry Density (ρ): is a measure of mass per unit volume. 

ρ = (m/v)*10
6
……………… Equation 3.1 

Where ρ – Mass by volume in Kg/m
3
 

m – oven-dry mass in gram of the specimen in g. 

v- the volume of the specimen in mm
3
. 

4. Moisture content (m.c): the amount of water or moisture present in the bamboo 

culms, expressed as a percentage of the total mass of the bamboo culm. It is 

calculated as: 

    (
     

  
)     …………  Equation 3.2 

Where; m.c – moisture content of the actual bamboo specimen in %. 

 ma – actual mass of the specimen before compression test in g. 

 md – dry (oven dried) mass of the specimen after compression test in g. 
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3.3.2 Mechanical properties 

The mechanical behavior of bamboo is greatly influenced by its transverse properties, 

which are not easily measured by experiments [15]. So that in addition to the 

laboratory tests the physical tests are conducted by applying physical loads. 

In the case of a scaffolding system, the major mechanical properties of bamboo that 

affect the system are found to be compression strength, tensile strength, and bending 

strength. Primary members such as the posts and standards experience compression 

and ledgers and transoms experience bending [10]. 

The compressive strength, Tensile strength, and Bending of bamboo have been 

conducted so far by using ISO- 22157 [16] standard. 

1. Compressive strength test 

Sample Preparation: To ascertain the compressive strength of the bamboo culm at 

various bamboo locations, six specimens were prepared. The physical characteristics 

of each specimen were ascertained as previously mentioned, and the test specimen's 

height is calculated as two times its external diameter as shown in Figure 3.4C.  

 

  

Figure 3.4 Sample preparation for compression test 

A B 

C D 
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The specimens were taken from two different bamboo culms. As shown in the above 

figure the test pieces were named from CS-1 to CS-6 having the following 

characteristics. 

Table 3-2 Characteristics of the compression test specimen 

Specimen ID Location in 

the culm 

Node 

existence 

Species Remark 

CS-1 Bottom No Highland  

CS-2 Middle No Highland  

CS-3 Middle Yes Highland  

CS-4 Middle No Highland  

CS-5 Top Yes Highland  

CS-6 Top no Highland  

Loading: As seen in Figure 3.5A and B below, a compressive load machine was used 

to apply loading to the prepared test pieces at a rate of 0.01 mm/s. The applied load at 

yield was recorded.  

   

Figure 3.5 Compression strength testing 

The compressive strength is then calculated as the applied load at yield divided by the 

contact area of the test piece. 

   
 

 
 …………… Equation 3.3 

Where; CS – Compressive strength in MPa. 

              P – Applied load at yield in N 

A B C 
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  A - Contact of the test piece in mm
2 

The contact area (A) is calculated as  

  
              

 
 ………….. Equation 3.4 

Where; Do – Outside diameter of the bamboo culm in mm. 

 Di – The inside diameter of the bamboo culm in mm. 

Each specimen is oven-dried for eighteen hours following the compressive strength 

test in order to determine its actual moisture content. Specimen CS-1 undergoes 

another compressive strength test once its moisture content has been reduced. 

2. Tensile Strength 

It is the ultimate tensile strength, maximum tensile stress at failure.  Bamboo 

possesses excellent strength properties, especially tensile strength [14]. Bamboo has 

similar mechanical behavior to wood but has higher tensile strength and excellent 

formability, so it is possible to make use of high strength properties of bamboo [17]. 

Sample Preparation: The tensile test in the  ISO  22157  standard requires a dog 

bone shape of a node cut from split bamboo; bamboo is not easy to shape into a dog 

bone which explains why few of these tests have been conducted. Accordingly; three 

test pieces named TS-1, TS-2, and TS-3 were taken with the standard shape and size, 

and the test was conducted as shown in Figure 3.6. 

  

Figure 3.6 Tensile strength specimens and tests 
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Table 3-3 describes the specimens with tensile strength, and Figure 3.6 illustrates 

how the length and width are kept constant. 

Table 3-3 Characteristics of Tensile Strength specimens 

Specimen ID TS-1 TS-2 TS-3 

Weight W (g) 15.5 14.5 16 

Thickness t (mm) 5 4 6 

Cross-sectional 

area (A) mm
2
 

25 20 30 

3. Bending strength 

A bending test is a type of material strength test used to evaluate the flexural or 

bending properties of a material. The test involves subjecting a sample of the material 

to a bending force, typically by applying a load or moment to the sample. The purpose 

of the test is to assess how well a material can withstand bending or flexural stress 

without breaking or undergoing permanent deformation. 

In a typical bending test, a specimen is placed on supports, and a force is applied at a 

specific point along its length. The specimen bends under the applied load, and 

various parameters are measured, such as the amount of deflection, the load at which 

failure occurs, and the shape of the resulting deformation. 

The bending test is essential for determining the mechanical properties of materials, 

such as their modulus of elasticity. 

According to ISO-22157, the 4-point bending test is conducted for three samples of 

bamboo. This test is a variation of the traditional bending test and is commonly used 

to evaluate the flexural strength and properties of materials. In a 4-point bending test, 

a sample or specimen is supported at two points (loading points) and is subjected to a 

load applied at two additional points (support points), creating two spans as shown in 

Figure 3.7. 
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Figure 3.7 Configuration of 4-point bending test 

The samples were taken from the top, middle, and bottom regions of three distinct 

bamboo culms so order to assess the bamboo culm at those sites and to ensure 

objectivity.  

The samples are shown in Figure 3.8 and characterized in Table 3-4 Characteristics 

of bending samples. 

  

Figure 3.8 Samples and tests for bending 

Table 3-4 Characteristics of bending samples 

Sample ID BS-1 BS-2 BS-3 

Outside diameter 

Do (mm) 

65 65 61 

Inside Diameter Di 

(mm) 

33 41 47 

Wall thickness t 

(mm) 

32 24 14 

Weight W (g) 2390 2475 1613 

Length (mm) 

30xDo 

1950 1950 1830 

 

A B 
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The following formula provides the ultimate strength result in static bending at the 

moisture content at test time. 

     
   (

 

 
)

  
  ………………….. Equation 3.5 

The bamboo culm moment of inertia is determined as: 

              -   -     ……………. Equation 3.6 

Where;      Ultimate strength in static bending in mpa, 

 P is applied load in N, 

 L is the clear span in mm, 

 D and t are the outside diameter and the wall thickness in mm respectively, 

 I is the moment of inertia in mm
4
. 

The bending elastic modulus is given by: 

   
    

   
 ………………………… Equation 3.7 

Where; Eb is bending elastic modulus in MPa. 

 P is the force applied in Newton (N). 

 L is the length of the clear span between supports in mm. 

 ∆ is deflection in mm during bending test. 

γ is the deflection coefficient which is equal to 48 for prismatic members, and 

equals 45 to 70 for bamboo culm. To be conservative it is taken as 70. 

I is the moment of inertia in mm
4
. 

3.4 Bamboo Connection 

Because of the hollow and thin-walled material property of bamboo, the connection in 

raw bamboo buildings has always been a major difficulty and problem in the 

application of bamboo, which seriously hinders the development of original bamboo 

structures [7].  

Concerning DLBS the connections are categorized into two parts. These are: 

I. Bamboo – Bamboo connection – is the connection between two bamboo 

members. 
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II. Bamboo – existing structure connection – is the connection between the 

main post of bamboo scaffolding to the existing structure. 

3.4.1 Bamboo-Bamboo connection 

Since DLBS scaffoldings are only temporary structures, they will be demolished as 

soon as their intended use is fulfilled. As a result, the connection for this type of 

structure needs to be easy to use, adaptable, quick, affordable, and at the same time 

able to withstand applied loads.  

In Practice, all of the connections in bamboo scaffoldings are made up by hand using 

plastic strips and are thought to be simple connections by design. 

Bamboo joints evolved to incorporate pins, bolts, hooks, and fiber-reinforced plastic 

(FRP) that is used to wrap the bamboo connection. Lashing is a reasonable way of 

connecting bamboo. The flexible connection of bamboo by rope/plastic wires avoids 

cutting and opening holes in the raw bamboo pole, which weakens the cross-section 

[7]. A tensile test is performed on both materials to ascertain their strength and 

elongation because these connections are in tension. 

Accordingly, two types of plastic wire lashing materials are tested for bamboo-

bamboo connections. These are nylon plastic wires and Green high-quality 

polypropylene plastic sutli having the following characteristics. 

1. Nylon plastic wire: typically refers to a type of wire made from nylon, a 

synthetic polymer known for its strength, flexibility, and durability. Nylon is a 

versatile material that is commonly used in various applications, including 

textiles, automotive parts, and, in this case, wires manufacturing.  

The nylon strips are well-specified, with a minimum ultimate strength of 0·5  

kN, a width of 8 mm, a thickness of 1 mm, and a unit weight of 10g/m. 

because the long strands are not available in Ethiopia a 40cm length with a zip 

is used as shown in Figure 3.9A. 
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Figure 3.9 Nylon plastic wire and connection 

The knots were tight and secure with 5 round turns to form a tight fastening as 

shown in Figure 3.9B and it was applied in one direction (Basic knot) or ―O‖ 

shape. After that, soil bags that weighed 30kg were progressively added to the 

bamboo scaffolding to assess the connection's strength and other 

characteristics. 

Tensile test: Three samples of nylon plastic were prepared to conduct the 

tensile test having the specified dimension above and the test is done using a 

tensile machine as shown in Figure 3.10 following the ASTM D638 test 

procedure. 

 

Figure 3.10 Tensile strength test of nylon plastic 

2. Polypropylene (PP) plastic sutli: is a thermoplastic polymer that is widely 

used for various applications due to its versatility, durability, and resistance to 

moisture. When polypropylene is used to make sutli, it creates a strong and 

lightweight material that is often employed for packaging, bundling, or other 

similar purposes.  

A B 
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Polypropylene sutli is known for its strength, resistance to abrasion, and 

relatively low cost. It is commonly used in agriculture, construction, and 

household applications for tasks such as tying bundles, securing packages or 

supporting plants in gardens. 

 

Figure 3.11 PP sutli and its connection 

Physically these plastic wires are characterized as: 

Thickness – 1mm, Width – 7mm, Length – available more than hundreds of 

meters, have dots to increase strength, flexible and lightweight (3.175g/m). It 

is also produced and manufactured in local markets of Ethiopia.  

The connection is made in two directions with 10 rounds in double layers of 

PP sutli as shown in Figure 3.11 

B. After that a load is applied to the scaffolding system made with this 

connection and deformations are recorded for each loading. 

Tensile test: Similar to nylon plastic three samples of PP sutli were prepared 

with the specified dimension mentioned above. The test is based on the ASTM 

D638 standard. The test is shown in Figure 3.12. 

 

Figure 3.12 Tensile strength test of PP sutli 

A B 
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3.4.2 Bamboo – Existing Structure Connection 

During the erection of demolition scaffolds, Tie rods will be installed firmly onto 

existing buildings to serve as lateral restraints to the scaffolds. Tie rods offer several 

advantages in construction and engineering applications such as adjustability, easy 

installation, versatility, tension load distribution, and cost-effectiveness. To take 

advantage of such materials tie rods are chosen to be a connecting material for 

bamboo with concrete. Accordingly; a 12mm S-275 Round hot rolled scaffolding tie 

rod as shown in Figure 3.13 is used to connect the existing structure (In these case 

columns) to the main post of the scaffolding system. The columns were first drilled to 

enable the tie rods to fix into it and the other end of the tie rod is fixed with the main 

post as shown in Figure 3.13. These connections are applied three times at 70cm, 

200cm, and 300cm above the ground based on previous practice of bamboo 

scaffoldings abroad. In addition to the tie rod sleeves a 3mm flexible steel wire is used 

to knot the tie rod to the bamboo main posts.  

  

Figure 3.13 Tie rods for connection 

A B C 
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Figure 3.14 Bamboo-existing structure connections 

The connections between the bamboo posts and the existing structure are depicted in 

all of the photographs above. With the use of hand tools, the tie rods are pressed to 

insert a depth of 12 cm into the existing column concrete structure. The bamboo 

frame is more stable because of the tie rods' thread, or ridged surface, which aids in 

screwing them into the concrete. 

3.5 Physical test of bamboo scaffolding 

A physical test is a procedure or experiment conducted to measure, observe, or assess 

the physical properties or characteristics of a material. These tests are carried out to 

gather data and information about various physical aspects and responses to different 

members of bamboo scaffolding including connection. 

The physical test involves three sections. These are: 

 Sample preparations 

 Bamboo scaffolding system design and construction 

 Loading and data recording 

3.5.1 The basis for material selection 

While selecting the bamboo culms for each member of the bamboo scaffolding the 

following requirements shall be considered as much as possible [18].   
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A. General Requirements 

 Sufficient material should be provided for and used in the construction 

of scaffolds. 

 Scaffolding components should be of sound material, good 

construction, and adequate strength and free from patent defects, and 

should be properly maintained. 

 Timber (such as fir) so used should be of sound construction, adequate 

strength, and free from patent defects. 

 Boards and planks used in the construction of the working platform 

should be straight-grained and free from large knots, dry rot, 

wormholes, and other dangerous defects. Where necessary, they should 

be protected against splitting. 

 These boards and planks should be unpainted so that any defects are 

readily visible. 

B. Specific requirements 

 The effective diameter of bamboo members used as standards should 

not be less than 75mm and the wall thickness of these bamboo 

members should not be less than 10mm. 

 The effective diameter of bamboo members used as ledgers on the first 

lift of the scaffold should not be less than 75mm and the wall thickness 

of these bamboo members should not be less than 10mm. 

 For the rest of the ledgers, and all the transoms/putlogs, bracings, and 

rakers of the same scaffold, the effective diameter of bamboo members 

used should not be less than 40mm. 

 The effective diameter of a bamboo member refers to the smallest 

external diameter found along the bamboo member. 

 Bamboo members used in the construction of scaffolds should be 

straight, sound, and free from cracks, gnarls, irregular knots, dry rot, 

worm-eaten spots, and other defects affecting the strength of the 

bamboo members. 

 Bamboo of more  than  3 years of growth should be used for 

scaffolding. 



 
34 

3.5.2 Preparation for physical test 

As we discussed in section Sampling technique the samples are taken randomly by 

their diameter and length. Similarly for the physical test, the samples of bamboo 

culms are prepared as shown Figure 3.15. 

 

Figure 3.15 Prepared Bamboo culm sample for physical testing 

Samples that show cracks due to low moisture content are removed and the thin 

sections at each end of the bamboo culm are removed. The irregular roots of the 

bamboo culms are set to have flat surfaces in order to make a stable erection. The 

physical properties of each bamboo culm including the bottom and top diameter, and 

wall thickness at different sections is then measured with calipers and ultrasonic 

thickness gauge tools as shown in Figure 3.16. 

 

Figure 3.16 Measuring of bamboo culm thickness and diameter 

Each bamboo culm is then numbered and their physical property is recorded as shown 

in Table 3-5 below. 
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Table 3-5 Bamboo culm characteristics for use of physical test 

Bambo 

culm ID 

Outside Diameter 

(Do)-mm 

Inside Diameter 

(Di)-mm 

Wall thickness 

(t)-mm 

Height     

(H)-mm Bottom Top Bottom Top Bottom Top Bottom to top 

BC-1 72 72 55 66 17 6 3200 

BC-2 70 58 63 52 7 6 3200 

BC-3 80 62 60 55 20 7 3200 

BC-4 75 61 56 54 19 7 3200 

BC-5 75 67 55 61 20 6 4000 

BC-6 61 48 46 43 15 5 4000 

BC-7 70 55 51 50 19 5 4000 

BC-8 67 56 56 50 11 6 4000 

BC-9 73 56 55 49 18 7 4000 

BC-10 69 54 50 48 19 6 4000 

BC-11 60 58 53 51 7 7 1400 

BC-12 50 49 44 43 6 6 1400 

BC-13 50 50 43 43 6 6 900 

BC-14 62 56 53 48 9 8 2800 

BC-15 61 40 52 34 10 6 5000 

Referring to common practices from China bamboo scaffolding and code of practice 

discussed above the bamboo culms discussed in Table 3-5 are categorized for use of 

different members of bamboo scaffolding. Accordingly; From BC-1 to BC-10 are the 

bamboo columns that are used for main post members, BC-11, BC-12, and BC-14  are 

for main ledgers, BC-13 for transoms and BC-15 are for bracings. A plywood with a 

thickness of 2 cm serves as the working platform. 

3.5.3 Experimental Design and Construction bamboo  scaffolding 

The bamboo scaffolding is designed using a code of practice for bamboo scaffolding 

safety which is in turn on the basis of experiences that have been passed down from 

generation to generation before any numerical calculations are made. In light of this, 

five distinct bamboo frame structures are designed using the bamboo culms from the 

West Gojjam Zone that we now have on hand as shown in Table 3-5. A physical test 

is then conducted to determine each frame's connection and load-carrying capacity.  

The ground or structure on which a scaffold is constructed should be solid, leveled, 

and rammed to give a hard surface, and should be strong enough to keep the scaffold 
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upright. The width of any working platform of the scaffold shall be not less than 

400mm [18]. 

Each of the experimental designs is unique by their dependent and independent 

variables and they also have some variables in common. 

Dependent Variables: Story height (3m), Distance from the existing structure to the 

inner post (20cm), the width of working plat form or spacing between main ledgers 

(60cm), connection with existing structure (at 3 points: bottom, middle, and top). 

The dependent variables are common standards intended to keep a suitable working 

platform for workers. 

Independent Variables: Connection type, spacing between main posts or standards, 

need for bracing, and Diameter of bamboo culm.  

The above independent variables are parameters that are considered to be major 

factors that affect the stability of bamboo scaffolding. 

Accordingly; the five experimental designs for bamboo scaffolding structures that can 

be used for a physical test are listed below.  

1. HB-CNP – This is a 3 x 1.4m one-bay bamboo scaffolding 

- Main ledgers and posts Connection made with nylon wire 

- h1 = 0.7m, h2 = 2.3m, H = 3m 

- Member's property is as described in Figure 3.17 as presented 

in Table 3-5. 

 

Figure 3.17 Section view of HB-CNP 
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Figure 3.18 Structure and inspection of HB-CNP Bamboo scaffolding 

The main objective of the HB-CNP experimental design is to evaluate the 

suitability of connecting with nylon plastic wires. The structure's stability will 

also be examined.  

2. HB-CPS: This is the same as HB-CNP except for its mode of connection. The 

connection is made with PP sutli plastics. 

3. HB-S80: This is a 3x2.5m Scaffolding frame having a continuous frame 

structure to the right. The physical properties of each member are presented in 

Figure 3.19 referring to Table 3-5. The frame characterized as h1 = 0.8m, h2 = 

2.2m, L = 0.83m. 

 

Figure 3.19 Section view of HB-S80 

Nylon wires 
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The posts at each 4 corner are main posts and they are connected with the 

existing structures and the others are standards as shown in Figure 3.19. All 

transoms are made with BC-13 bamboo culms. 

 

Figure 3.20 Structure of HB-S80 Bamboo scaffolding 

As shown in the above pictures four standard members which have no direct 

connection with the existing structure is used. The connection is then made 

fully by PP sutli plastics. 

4. HB-S120: This is similar to HB-S80 but with different vertical member 

spacing. Only two standards are used in the middle. The frame is then 

characterized as h1 = 0.8m, h2 = 2.2m, L = 1.25m. All transoms are made with 

BC-13 bamboo culms. 

 

Figure 3.21 Section view of HB-S120 
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The above figure shows the physical properties of bamboo culms used for the 

scaffolding structure. 

 

Figure 3.22 Structure of HB-S120 Bamboo scaffolding 

As shown in the above figure the connection is made with fully PP sutli plastic 

wire. 

5. HB-BRS: This is similar to HB-S120 but with bracing provided in both the 

inner and outer faces of the scaffolding as shown in Figure 3.23 below. 

Bamboo culms BC-15 were used for the bracing members. 

 

Figure 3.23 Structure of HB-BRS Bamboo scaffolding 
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In general, experimental tests 1 and 2 are aimed to evaluate the connection type or 

material, tests 3 and 4 are designed to determine the applicable spacing between 

vertical posts or the necessity of standards and test 5 is to examine the need for 

bracing members.  

3.5.4 System of Loading and Data Recording 

After the experimental design and construction are completed, a physical load is 

applied to the scaffolding working platform and the response of the main members 

especially the ledger deformation is recorded at a different location.  

To represent the actual mass of people and materials for work which is expected to 

have happened in the scaffolding system 30 bags of soil each weighing 30kg is 

prepared to be loaded on each experimental design with a rate of 3 bags or 90kgs per 

minute up to failure or big deformations. Since the worst displacement or deformation 

is likely to happen on the ledger which is directly below the applied loads; the 

deformations at mid-span and support of the main ledgers are recorded using total 

station equipment for each loading. Using a total station for measuring levels offers 

several advantages in surveying and construction applications. Some of the key 

advantages include high accuracy, efficiency, and speed, data storage and 

connectivity, digital display and readouts, and geodetic compatibility. 

 

 

Figure 3.24 System of loading and measuring relative displacement 

A 

D C 

B 
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The above figure summarizes how the loading and data recording is done. Figure 

3.24A - shows how the loading soil bags are prepared, Figure 3.24 B – shows how 

the loading is done, Figure 3.24C – shows how the initial measurement is taken and 

Figure 3.24D – shows how the displacement reading is taken with a total station. 

The force is calculated as F = mg, m – mass of bags, and g – gravity taken as 10m/s
2
. 

3.5.5 Cautions taken during bamboo scaffolding construction 

The following safety and technical precautions were followed during the construction 

of the bamboo scaffolding for the physical test in order to avoid dangers, misleading 

information, and incorrect conclusions. 

 Workers are to wear safety helmets. 

 Not to put the ledgers and transoms over the top of the tie bar. 

 To re-check that the proposed connections are maintained before loading. 

 Not to throw the bags from a height during loading. 

 To recheck the total station measurements by manual techniques. 

 To inspect the bamboo scaffolding by technicians. 
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4 Results 

4.1 Physical properties and Mechanical properties 

Following the procedures outlined in the section Determination of Physical and 

Mechanical Properties, the following outcomes are discovered. 

Table 4-1 Results of physical and mechanical properties 

Parameters Test Specimen’s Average 

Value’s CS-1 CS-2 CS-3 CS-4 CS-5 CS-6 

Specimen 

location 

Internode Inter node Node Internode Node Internode 

Physical Properties  

Do (mm) 60 57 57 56 49 45 54 

Di (mm) 54 51 49 49 43 40 47.67 

tw(mm) 6 6 8 7 6 5 6.33 

H=2xDo(mm) 120 114 114 112 98 90 108 

A (mm
2
) 537.21 508.94 666.02 577.27 433.54 333.79 509.46 

Actual Wt. (g) 123 115 181 103 109 51 113.67 

Dry Wt. (g) 84 83 131 78 80 44 83.33 

M.C (%) 46.43 38.55 38.17 32.05 36.25 15.91 34.56 

Compressive strength 

P (kN) 39.95 40.27 44.73 38.62 40.15 31.25 39.16 

CS (MPa) 74.37 79.12 67.16 66.9 92.6 93.63 78.96 

Tensile strength 

 TS1 TS2 TS3 Average Value 

P (kN) 5.6 4.8 6.7 5.7 

TS ultimate (MPa) 236.9 242.3 234.1 237.77 

Bending strength 

 BS-1 BS-2 BS-3 Average Value 

P (kN) 19.8 20.23 17.23 19.09 

∆ (mm) 27 29 31 29 

I (mm
4
) 876,240.46 872,140.68 621,442.37 789,941.17 

δult (MPa) 122.00 125.64 140.94 129.53 

Eb (Gpa) 11.95 11.43 12.77 12.05 
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After being oven-dried to remove moisture content, specimen CS-1 itself is subjected 

to a second compressive strength test; the findings indicate P = 52.98kN, CS = 

98.62Mpa. That represents an increase of 32.6%. 

Compressive strength test failure mode: As seen in Figure 4.1, only CS-6 exhibits 

a noticeable failure mode, and in that case, both the end bearing and splitting failure 

are involved. When the machine stops counting up, the maximum load is recorded, 

and none of the other specimens has displayed any observable failure modes. 

  

Figure 4.1 Failure mode of compression strength test 

Tensile strength test failure mode: Under tensile, two different failure modes were 

noted. Figure 4.2 -A illustrates a splitting failure for specimen TS-1, while -B 

illustrates a ductile failure, wherein the specimen loses its rigidity like crushing.       

                            

Figure 4.2 Failure mode of tensile strength test 

A C B 

A B 
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Bending strength test failure mode: The three specimens all show the same splitting 

failure mode as shown in Figure 4.3. 

 

Figure 4.3 Failure mode of bending test 

Spacing between nodes:  Figure 4.4 depicts the majority of the bamboo culms' node-

to-node spacing, which ranges from 70 to 645 mm. up to the given maximum working 

length of 4.2 meters. 

 

Figure 4.4 Bamboo culm node spacing 
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4.2 Connection materials 

4.2.1 Nylon plastic 

As discussed in the section Bamboo-Bamboo connection three samples are prepared 

and tested based on ASTM D628 standard and the following result is noted as 

described in Table 4-2. 

Table 4-2 Tensile test result of nylon plastic 

Samples 1 2 3 Average 

value 

Ultimate strength 

(kN) 

0.33 0.35 0.42 0.37 

Elongation (mm) 42 43 57 47.3 

4.2.2 PP sutli 

Similarly, three samples are taken to determine the ultimate strength and the result is 

discussed in Table 4-3. 

Table 4-3 Tensile test result of PP sutli 

Samples 1 2 3 Average 

value 

Ultimate strength 

(kN) 

0.47 0.54 0.49 0.5 

Elongation (mm) 311 316 312 313 

 

Figure 4.5 Elongation of PP sutli 
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4.3 Physical test 

The physical test results for the five experimental designs of the bamboo scaffolding, 

as mentioned in the section Physical test of bamboo scaffolding are shown below. 

A. Failure Mechanism: Bamboo scaffolding can be subject to several failure 

mechanisms due to its natural characteristics and environmental factors. Some 

common failure mechanisms include: 

1. Bamboo Quality and Integrity: 

 Weak or defective bamboo poles: Bamboo used for scaffolding must be of 

sufficient quality and strength. Weak or defective poles can break under load, 

leading to structural failure. 

 Splitting or cracking: Bamboo poles can split or crack due to knots, insect 

damage, or natural defects, compromising their load-bearing capacity. 

2. Environmental Factors: 

 Weathering: Exposure to weather elements such as rain, humidity, and 

sunlight can weaken bamboo over time, reducing its structural integrity. 

 Rot and decay: Bamboo is susceptible to rot and decay, especially if not 

properly treated or maintained. Rot can weaken poles and lead to sudden 

collapses. 

3. Construction Practices: 

 Improper assembly: Incorrect tying or lashing techniques, weak connecting 

material, inadequate bracing, or poor structural design can lead to instability 

and failure of bamboo scaffolding. 

 Overloading: Exceeding the maximum load capacity of bamboo scaffolding 

can cause poles to buckle or snap, leading to collapse. 

3. Structural Design and Stability: 
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 Lack of diagonal bracing: Diagonal bracing is crucial for distributing loads 

and enhancing stability in bamboo scaffolding. Its absence can lead to swaying 

or collapse under wind or load conditions. 

 Inadequate tying: Proper tying of bamboo joints and connections is essential 

to maintain structural integrity and prevent dislodgment or failure of scaffold 

components. 

B. Failure Propagation: 

In the context of bamboo scaffolding, failure propagation refers to how a failure in 

one part or component of the scaffolding can lead to broader or more extensive 

structural failures. Several key ideologies or mechanisms contribute to failure 

propagation in bamboo scaffolding: 

1. Load Redistribution: When a bamboo pole or joint fails under load, the remaining 

structure must redistribute the load. If this redistribution is not managed properly, it 

can overload other components, leading to further failures. 

2. Chain Reaction: A failure in one part of the scaffolding can trigger a chain 

reaction where adjacent or connected bamboo poles or joints also fail due to increased 

stress or sudden load shifts. 

3. Weakened Connections: Bamboo scaffolding relies heavily on lashing or tying 

joints together. If these connections are weak or compromised (due to wear, 

weathering, or poor construction), a failure at one connection point can propagate to 

nearby connections. 

4. Structural Instability: Bamboo scaffolding structures require proper bracing and 

support to maintain stability. If bracing elements are inadequate or fail, it can lead to 

structural instability and subsequent collapses. 

5. Environmental Factors: External factors such as wind, rain, or seismic activity 

can exacerbate failure propagation in bamboo scaffolding. For example, strong winds 

can induce swaying motions that weaken joints over time, leading to cascading 

failures. 
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6. Material Properties: Bamboo, while strong and flexible, can degrade over time 

due to weathering, insect damage, or decay. A failure in a degraded bamboo pole can 

propagate to nearby poles or joints that are similarly compromised. 

7. Overloading: Exceeding the maximum load capacity of bamboo scaffolding can 

lead to localized failures, which may propagate to other parts of the structure if load 

redistribution mechanisms are not adequate. 

8. Construction Practices: Poor construction practices, such as improper tying 

techniques, inadequate bracing, or using low-quality bamboo poles, can create weak 

points in the scaffolding structure that are more prone to failure propagation. 

To mitigate failure propagation in bamboo scaffolding, it's crucial to adhere to best 

practices in construction and maintenance: 

By understanding and addressing these ideologies of failure propagation, stakeholders 

can improve the durability, safety, and reliability of bamboo scaffolding structures in 

construction projects. 

4.3.1 Experimental test HB-CNP 

The main purpose of this test is to evaluate the connection of main bamboo members 

with nylon plastic wires and the stability of the scaffolding frame is examined. 

Displacement: The applied load is transferred to the main ledgers after transoms. 

Here is the outcome, below. 

Table 4-4 Physical test result for HB-CNP 

Cu.load      

(bags) 

Cu. load 

(Kg) 

Cu.force 

(N) 

Elevation 

Reading (m) 

M.Ledger S 

(mm) 

M.Ledger 

Cu.S(mm) 

Remark 

0 0 0 1827.851 0 0 None 

3 90 900 1827.855 3 4 None 

6 180 1800 1827.845 6 10 None 

9 270 2700 1827.804 47 57 Connection 

sliding 

11 330 3300 collapse Collapse Collapse Connection 

failed 

 Cu – Cumulative  S – Displacement M – Main,  Force = mg 
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Figure 4.6 Force-Displacement curve for HB-CNP 

As the above table illustrates, a connection causes the scaffolding to break at a 

distributed load of 330 kg or 3.3kN. 

Mode of failure: 

  

Figure 4.7 Initial and Final Stability of HB-CNP 
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Figure 4.8 Nylon plastic connection failure of HB-CNP 

As seen in the aforementioned images, one of the nylon plastic wire connections was 

slid down together with the inner main ledger, and ultimately, all five rounds of the 

nylon plastic connections were severed as shown in Figure 4.8. The primary posts 

remain in their original position; no further member failures are noted. So the failure 

is generalized as connection failure. 

4.3.2 Experimental test HB-CPS 

This is similar to HB-CNP but different connection material. 

Force-Displacement: 

Table 4-5 Physical test result for HB-CPS 

Cu.load      

(bags) 

Cu. load 

(Kg) 

Cu.force 

(N) 

Elevation 

Reading (m) 

M.Ledger 

S (mm) 

M.Ledger 

Cu.S(mm) 

Remark 

0 0 0 1827.782 0 0 None 

3 90 900 1827.779 3 3 None 

6 180 1800 1827.774 5 8 None 

9 270 2700 1827.765 9 17 None 

12 360 3600 1827.748 17 34  None 

15 450 4500 1827.719 29 63 Sliding 

connection 

18 540 5400 The load bags fall down No space 

for loading 
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 Cu – Cumulative  S – Displacement 

 

 

Figure 4.9 Force-Displacement curve for HB-CPS 

Failure: There isn't another failure noted, with the exception of the inner main 

ledger's larger displacement of 63mm at 4.5 kN. Every bamboo member remains safe.  

Due to the working platform's restricted space, loaded bags fall to the ground, 

allowing for a maximum of 15 bags (450 kg) to be loaded. 

  

Figure 4.10 Stability of HB-CPS 
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The above pictures show loadings and frame stability at different stages. 

4.3.3 Experimental test HB-S80 

A 3 × 2.5 m bamboo scaffolding with two standards positioned between two main 

posts is provided. 

Force-Displacement: for outer main ledger 

Table 4-6 Physical test result for HB-S80 outer ledger 

Cu.load      

(bags) 

Cu. load 

(Kg) 

Cu.force 

(N) 

Elevation 

Reading (m) 

Outer 

M.Ledger 

S (mm) 

Outer 

M.Ledger 

Cu.S(mm) 

Remark 

(Failure) 

0 0 0 1828.2350 0 

0 

4.1 

4.6 

5.1 

5.7 

6.3 

7 

7.7 

8.6 
 

0 

 

None 

3 90 900 1828.2309 4.1 4.1 None 

6 180 1800 1828.2263 4.6 8.7 None 

9 270 2700 1828.2212 5.1 13.8 None 

12 360 3600 1828.2155 5.7 19.5 None 

15 450 4500 1828.2092 6.3 25.8 None 

18 540 5400 1828.2022 7.0 32.8 None 

21 630 6300 1828.1945 7.7 40.5 Transom 

Deformed  

24 720 7200 1828.1853 9.2 49.7 Transom 

Deformed  

27 810 8100 1828.1593 26  Transom 

Crushed  

0 0 0 1828.1883 -29          After unloading 

 Cu – Cumulative  S – Displacement M-Main 

The data at Table 4-6 indicates that under a loading of 720 kg or 7.2 kN, the total 

displacement before the transom crushed at the inner main ledger is 49.7mm. After 

unloading all the soil bags the ledger displace upward with 29mm. 
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Figure 4.11 Force-Displacement curve for HB-S80 outer ledger 

To avoid providing misleading information, the data following the transom failure is 

excluded from the above Figure 4.11. 

Force-Displacement: for Inner main ledger 

Table 4-7 Physical test result for HB-S80 inner ledger 

Cu.load      

(bags) 

Cu. load 

(Kg) 

Cu.force 

(N) 

Elevation 

Reading (m) 

Inner 

M.Ledger 

S (mm) 

Inner 

M.Ledger 

Cu.S(mm) 

Remark 

(Failure) 

0 0 0 1828.2380 0 0 

 

None 

3 90 900 1828.2312 6.8 6.8 None 

6 180 1800 1828.2238 7.4 14.2 None 

9 270 2700 1828.2158 8.0 22.2 None 

12 360 3600 1828.2070 8.8 31.0 None 

15 450 4500 1828.1975 9.5 40.5 None 

18 540 5400 1828.1871 10.4 50.9 None 

21 630 6300 1828.1757 11.4 62.3 Transom 

Deformed  

24 720 7200 1828.1630 12.7 75.0 Transom 

Deformed  

27 810 8100 1828.1390 24  Transom 
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Crushed  

0 0 0 1828.158 -19           After Unloading 

 Cu – Cumulative  S – Displacement M-Main 

 

Figure 4.12  Force-Displacement curve for HB-S80 inner ledger 

Failure Mode: The scaffolding has a total maximum displacement of 75mm at the 

mid-span when loaded with 24 bags, or 720 kg. The center transom begins to distort 

after the 21st bag, and when the 25th bag is reached, the transom is crushed as shown 

in Figure 4.14 and no further load is given.  

  

Figure 4.13 Stability of HB-S80 Bamboo scaffolding 

0

1000

2000

3000

4000

5000

6000

7000

8000

0 5 10 15

Fo
rc

e
 (

N
) 

Displacement (mm) 

Force-Displacement graph 

Force-Displacement
graph



 
55 

 

Figure 4.14 Failure mode of HB-S80 Bamboo scaffolding 

4.3.4 Experimental test HB-S120 

This is similar to HB-S80 but with higher spacing between vertical members i.e. 

125cm. 

Force-Displacement: For Outer Ledger 

Table 4-8 Physical test result for HB-S120 outer ledger 

Cu.load      

(bags) 

Cu. load 

(Kg) 

Cu.force 

(N) 

Elevation 

Reading (m) 

Outer 

M.Ledger 

S (mm) 

Outer 

M.Ledger 

Cu.S(mm) 

Remark 

(Failure) 

0 0 0 1828.1680 0 0 

1.7 

None 

3 90 900 1828.1620 6.0 6 None 

6 180 1800 1828.1485 13.5 19.5 None 

9 270 2700 1828.1238 24.7 44.2 None 

12 360 3600 1828.0668 57 101.2 Inner 

Transom 

Failure 

0 0 0 1828.0558 -11           After Unloading 

 Cu – Cumulative  S – Displacement M-Main 
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Figure 4.15 Force-Displacement curve for HB-S120 outer ledger 

As the above Table 4-8 and Figure 4.15 shows a 360 kg load results in a 

displacement of 101.2mm overall, and no more loads are given because of a high 

degree of deformation of the inner main ledger at the mid-span. 

Force-Displacement: For Inner Ledger 

Table 4-9 Physical test result for HB-S120 inner ledger 

Cu.load      

(bags) 

Cu. load 

(Kg) 

Cu.force 

(N) 

Elevation 

Reading (m) 

Outer 

M.Ledger 

S (mm) 

Outer 

M.Ledger 

Cu.S(mm) 

Remark 

(Failure) 

0 0 0 1828.2010 0 0 

01.7 

None 

3 90 900 1828.1918 9.2 9.2 None 

6 180 1800 1828.1714 20.4 29.6 None 

9 270 2700 1828.1360 35.4 65.0 None 

12 360 3600 1828.0400 96 161 Inner 

Transom 

Failure 

0 0 0 1828.0460 -6           After Unloading 

 Cu – Cumulative  S – Displacement M-Main 
For the inner ledger, a high displacement is noted at the 12

th
 bag due to a high 

deformation of this member itself. A total of 161mm of displacement is recorded at 

the final loading. 

As the below Figure 4.16 implies the curve does not go down before the member 

failure which means the loading stops before the displacement starts to get down. 
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Figure 4.16  Force-Displacement curve for HB-S120 inner ledger 

Failure: There are no additional failures noted; the inner main ledger excessive 

deformation depicted in Figure 4.18 is considered the experimental test's failure.  

 

Figure 4.17 Stability of HB-S120 Bamboo scaffolding 

  

Figure 4.18  Failure mode of HB-S120 bamboo scaffolding 
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4.3.5 Experimental test HB-BRS 

While bracing is supplied on both the inner and outer faces of the scaffolding, this is 

comparable to HB-S120. 

Force-Displacement: For the outer main ledger 

Table 4-10 Physical test result for HB-BRS Bamboo scaffolding 

Cu.load      

(bags) 

Cu. load 

(Kg) 

Cu.force 

(N) 

Elevation 

Reading (m) 

Outer 

M.Ledger 

S (mm) 

Outer 

M.Ledger 

Cu.S(mm) 

Remark 

(Failure) 

0 0 0 1828.5500 0 0 

1.7 

None 

3 90 900 1828.5419 8.1 8.1 None 

6 180 1800 1828.5325 9.4 17.5 None 

9 270 2700 1828.5219 10.6 28.1 None 

12 360 3600 1828.5101 11.8 39.9 None 

15 450 4500 1828.4963 13.8 53.7 None 

18 540 5400 1828.4800 16.3 70 Transom 

deform 

21 630 6300 1828.4550 25 95 Transom 

Failure 

0 0 0 1828.5060 -51           After Unloading 

 Cu – Cumulative  S – Displacement M-Main 
 

 

Figure 4.19 Force-Displacement curve for HB-BRS Bamboo scaffolding 
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A higher displacement is recorded at the 21
st
 bag due to the transom failure. A very 

similar result is noted for the inner and outer main ledgers. 

Failure: As the figure illustrates, the transom at the mid-span is completely distorted 

and has failed. 

Figure 4.20 Stability and failure mode of HB-BRS Bamboo scaffolding  

Generally; Connection failures and complete collapses typically only occur at HB-

CNS; transom and ledger members fail other experiments. In every instance, the 

primary posts maintain their initial positions; deformations and other failure modes 

are not shown. 
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5 Discussion 

The discussion is made based on British standards (BS), European Norms (EN), the 

code of practice for bamboo scaffolding safety in Asia, and different studies.  

5.1. Physical and mechanical properties of bamboo 

BS 5973 states materials and components should be clearly and readily identifiable by 

shape and size. No material should be used unless its properties are known or 

established, and its application should be within these limits [19]. 

5.1.1 Physical Properties 

Diameter: it is noted that the bamboo species' outside diameter is in the range of 

80mm to 61mm for main posts. The code of practice for bamboo scaffolding states 

that the effective diameter of bamboo members used as standards should not be less 

than 75mm. referring to Table 3-5 only members BC-3, BC-4 and BC-5 fulfill this 

requirement. 

The requirement for transoms and bracing diameter is 40mm that is below the actual 

diameter used for the scaffolding.  

Wall thickness: The wall thickness of bamboo members should not be less than 

10mm; the actual wall thickness used is between 15mm-20mm for standards, which is 

above the requirement.  

Spacing between nodes:  

The spacing between nodes on a bamboo culm (stem) indicates the internode length, 

which can vary widely depending on the species of bamboo. The internode length is 

the distance between two consecutive nodes or joints along the stem of the bamboo 

plant. This distance can range from a few centimeters to several meters, depending on 

factors such as species, environmental conditions, and growth rate. 

In general, shorter internode lengths result in a denser and more compact culm, while 

longer internode lengths can lead to a more open and elongated culm structure. 

Internode spacing is an important characteristic of bamboo, influencing its overall 

appearance, strength, and utility for various purposes such as construction, crafts, and 

furniture making. 
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The poles are straight; they have nodes at irregular spacing as shown in Figure 4.4. It 

is observed that the culms node spacing increases rapidly for the first two meters and 

the ranges are between 70mm and 645mm. most of the internodes are above 600mm 

which is one to say a long spacing. 

5.1.2 Mechanical properties 

Compressive strength: As described in Table 4-1 the average compressive strength 

is found 78.96mpa with an average moisture content of 34.56%. Specimen CS-6, 

which is positioned at the internode and has the lowest moisture content of 15.91%, 

has the maximum compressive strength of 93.63MPa. On the contrary, specimen CS-

4, which is located at the internode and has a moisture content of 32.05%, has a 

minimum compressive strength of 66.9MPa. 

Specimen CS-1 was treated to a 24-hour oven drying process to eliminate moisture 

content. Following this, the specimens undergo a second compressive strength test, 

yielding a result of 98.62Mpa, indicating a 32.6% or 24.25mpa increment in 

compressive strength. This demonstrates how the moisture content affects 

compressive strength significantly, with a decrease in moisture content leading to an 

increase in compressive strength. With such moisture content, the Asian bamboo 

species Phyllostachya Pubescens (Mao Jue) are in the range of 122-152MPa, hence 

the result is in between this range. 

The compressive strength of the most used bamboo species Phyllostachya Pubescens 

(Mao Jue) Asian bamboo, at moisture content ≥30%, ranges from 37 to 81 MPa, but 

the Awi zone highland high land bamboo with the same moisture content range has a 

compressive strength of 66.9 to 92.6 MPa. This is an indicator that the high-land 

bamboo in the Awi zone is applicable for the use of scaffolding in terms of 

compressive strength. 

Tensile Strength: It is shown in Table 4-1 the ultimate tensile strength (UTS) for the 

three specimens TS-1, TS-2, and TS-3 is found to be 236.9MPa, 242.3MPa, 

234.1MPa respectively having average value of 237.77MPa.   

According to BS EN 12810 [20], aluminum tubes with an outer diameter of 48.3mm 

and thickness of less than 4mm used for scaffolding must have a minimum yield 

strength of 195 MPa or an ultimate strength of 234 MPa. This implies that highland 
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bamboo from the Awi zone, which has an average ultimate tensile strength of 237.77 

MPa, can meet the minimum requirement for aluminum tube scaffolding. 

The average ultimate tensile strength (UTS) of bamboo for different species is found 

to be 159MPa [21]. Thus, Awi zone highland bamboo's tensile strength of 237.77MPa 

is higher than the average of all bamboo species. 

Bending strength: Three specimens, BS-1, BS-2, and BS-3, were subjected to a four-

point bending test, as indicated in Table 4-1. The results reveal an average ultimate 

bending strength of 129.53 MPa, with values of 122 MPa, 125.64 MPa, and 140.94 

MPa, respectively. 

Phyllostachya Pubescens (Mao Jue), the most often used bamboo species in Asia, has 

an average compressive strength of 88 MPa and a range of 50–132 MPa. Thus, the 

highland bamboo of the Awi zone has greater bending strength than that of Mao Jue. 

According to reports, the average bending strength of various bamboo species is 120 

MPa, which is lower than the average value of the Awi zone highland bamboo. 

Bending Elastic Modulus: This is a measure of a material's stiffness when subjected 

to bending stress. From section 4.1 Table 4-1 the average elastic module is found to 

be 12.05GPa. Asia bamboo has a bending elastic modulus in the range of 11 to 

39.3GPa and the average bamboo mechanical property for bending elastic modulus is 

reported between 14.3-20GPa. In both scenarios, the Awi zone highland bamboo is 

found in the lower range.   

5.2 Connection Materials 

Two different plastic materials are tested for the purpose of connection these are 

Polypropylene (PP) plastic sutli and Nylon plastic. Both are subjected to a tensile test. 

5.2.1 Nylon plastic 

Nylon strips of adequate strength should be used for fastening and connecting 

standards, ledgers, transoms, bracings/rakers, and ties together to form a scaffold.  For 

example, nylon strips of width 5.5 mm to 6mm and length 2m should be used, and 

their tensile strength should be greater than 50kg (0.5kN) with a rate of elongation 

less than 20%. Besides, the strips should be anti-aging [18].  
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The results of the tensile strength test for three samples indicate that they were 0.33, 

0.35, and 0.42 kN, with an average value of 0.37 kN, whereas, the average elongation 

for the three samples is found to be 47.3mm which is 11.8% of the whole length 

(40cm). Both the strength and elongation are less than what the code of practice for 

the safety of bamboo scaffolding requires. This is mostly because the products that are 

available locally are of poor quality because they are not made for this kind of 

purpose. 

5.2.2 PP sutli 

The nylon strips are not up to the standard, therefore this PP sutli suggested using 

them as the connecting material. 

The three samples' average tensile strength was determined to be 0.5kN, with values 

of 0.47kN, 0.54kN, and 0.49kN; the elongations measured 313mm or 78.25%. As a 

result, the elongation is far greater than the required 20% and the strength is just what 

the code of practice stipulates. Higher elongation, a crucial property for connections, 

is demonstrated by PP sutli. As a result, PP sutli was selected for the use of 

connection material for all experimental designs except the first one. 

5.3 Physical test 

For the five experimental designs analysis and discussion are made based on BS 

5973:1993 code of practice for access and working scaffolds and special scaffold 

structures in steel.   

The maximum deflection for each experimental design is calculated by assuming the 

bamboo span as a simply supported beam as follows; 

    Equation 5.1 

Where; δmax is the maximum deflection at mid-span in mm 

 W is the applied load in Newton (N) 

 L is the clear span length in mm. 

 Eb is the bending elastic modulus in N/mm
2
 (MPa) 

 I is the moment of inertia in mm
4
. 

δmax  
5𝑊𝐿4

 8 𝐸𝑏𝐼
……….. 

……………. 
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For bending elastic modulus Eb and moment of inertia I the average values were 

taken. Table 5-1 shows the average values of mechanical properties taken for the 

analysis and discussion of the bamboo scaffolding physical test.  

Table 5-1summarizes value of average mechanical properties  

Mechanical properties Unit Value 

Tensile strength MPa 237.77 

Compressive strength MPa 78.96 

Bending strength MPa 129.53 

Elastic modulus GPa 12.05 

Once the actual and design deflection are compared the safe working load is discussed 

referring to the BS -5973 access and working scaffold table as summarized below. 

Table 5-2 BS-5973 Minimum imposed load on scaffolding 

Minimum Imposed Loads   

Duty Use of platform Distributed load 

on the platform 

Concentrated load to 

be applied on plan 

over any square with a 

300mm side and at the 

end portion of a 

cantilever 

Inspection and 

very light-duty 

Inspection, painting, 

stone cleaning, light 

cleaning, and access 0.75 kN/m² 2 kN 

Light duty 

Plastering, painting, 

stone cleaning, glazing, 

and pointing 1.5 kN/m² 2 kN 

General purpose 

General building work 

including brickwork, 

window and mullion 

fixing, rendering, 

plastering 2 kN/m² 2 kN 

Heavy duty 

Blockwork, brickwork, 

heavy cladding 2.5 kN/m² 2 kN 

Masonry or special 

duty 

Masonry work concrete 

block work and very 

heavy cladding 3 kN/m² 2 kN 

 

The EBCS-3 design principle is employed in the transom and ledger design process. 

According to Design of Steel Structures, Section 4.6.1.1, the design bending moment 

Msd must be less than the design moment resistance McRd of the bamboo cross-section. 
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        …………………. Equation 5.2 

Where:  McRd is the design moment resistance of the cross-section of bamboo 

      Equation 5.3 

Where; Wpl, section modulus. The section modulus for a circular section (which is 

common for bamboo culms) can be calculated using:   

 ……….. 

 

γmo, partial safety factor for bamboo, 2.0,  

fb, Design bending strength of bamboo taken as 129.53MPa 

In the cross-section of bamboo, the design shear resistance VRd will be greater than 

the design shear force Vsd in the following manner: 

 

 ………….. 

Where; A, is the area of the cross-section of bamboo,  

fcd,  Design compressive strength is taken as 78.96MPa 

γmo, the partial safety factor for bamboo, 2.0 

Msd and Vsd are calculated using the common formula for simply supported beam as: 

 

 

  

Where; W is the distributed load and L is the length of the span. 

5.3.1 Experimental Design HB-CNP 

As described in the section Experimental test HB-CNP this is 3x1.4m bamboo 

scaffolding and the frame failed by connection by nylon plastic. The maximum 

deflection for each loading is calculated using     Equation 5.1 as follows:           

For W = 900N/1400mm=, L = 1400mm, Eb = 12.05kN/mm
2
 and Iav = 789,941.2mm

4
 

 max  
    

 8    
  

                  

 8              8       
    8           

𝑊𝑝𝑙  
𝜋   𝐷𝑒  − 𝐷𝑖    

   𝐷𝑒
 

Equation 5.4 

𝑉𝑅𝑑  
 𝐴   

𝑓𝑐𝑑

√ 
  

𝜋  𝛾𝑚𝑜
 Equation 5.5 

𝑀𝑠𝑑  
𝑊𝐿2

8
 Equation 5.6 

𝑉𝑠𝑑  
𝑊𝐿

 
 Equation 5.7 

……………. 

………………

… 

McRd   Wp  F   mo......................... 
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The physical test resulted in an actual deflection of 4mm for this load, which is 

greater than the maximum deflection of 3.38mm. As a result, the frame cannot safely 

support this load. 

For W = 1800N/1400mm 

 max  
    

 8    
  

   8               

 8              8       
                 

The physical test yields a total deflection of 10 mm under this loading, which is 

greater than the maximum deflection. As a result, it is unsafe for the frame to support 

this load. 

No more analysis is possible at W = 2700N since the frame has completely collapsed 

as a result of a connection failure. 

It is known that the frame can carry a load less than 900N but since we don’t have a 

tabulated value of displacement under this load using interpolation or referring to the 

displacement versus load graph for a deflection of 3.38mm the load will be 0.76kN. 

Therefore HB-CNP can carry a load of 760N distributed on an area of 0.4*1.4 which 

is 0.56m
2
 which means 0.76kN/0.56m

2
 = 1.35kN/m

2
. Referring to Table 5-2 with 

such a safe working load it can be applicable for Inspection and very light-duty 

activities like Inspection, painting, stone cleaning, light cleaning, and access.  

5.3.2 Experimental Design HB-CPS 

This is the same as HB-CNP but different connection material which is PP sutli. PP 

sutli has been shown to possess superior strength and elongation compared to nylon 

plastic. As a result, the scaffolding with this connection shows a significant capacity 

to support loads. 

The maximum deflection δmax is the same as HB-CPS 

For W = 900N, δmax = 3.38mm < 3mm…..OK! 

For W = 1800N, δmax = 6.75 > 8mm…..NOT OK! 

Based on the HB-CPS displacement versus load graph, the load for δ = 6.75mm 

would be 1.5kN. It would be distributed as 1.5/0.56 = 2.6 kN/m
2
. Based on Table 5-2 

for this working load, the HB-CPS can be applicable for heavy-duty activities like 

Block work, brickwork, and heavy cladding. 
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It is demonstrated that a considerable increase in load-carrying capacity may be 

achieved by simply switching the connection material from nylon plastic to PP sutli. It 

is shown that the application is improved from very light-duty to heavy-duty 

activities. 

There is only a slight joint slipping when the frame is loaded to 4500N. Otherwise, no 

major failure is visible and No overall collapse has happened. 

5.3.3 Experimental Design HB-S80 

This is 3m high bamboo scaffolding with 4 posts having 83cm spacing which gives us 

a total width of 2.5m. Since the strength and performance of PP sutli are verified it is 

used for all of the remaining experimental designs including HB-S80. It includes 4 

posts continuously and the span length is taken as 83cm*4. The maximum deflection 

is calculated as follows: 

For W = 900N/2500mm, L = 2500mm, Eb = 12.05kN/mm
2
 and Iav = 789,941.2mm

4 

 max  
    

 8    
  

                  

 8              8       
              

For the outer and inner ledgers, the actual deflection at this force is 4.1mm and 

6.8mm, respectively. As a result, the frame can safely support the 900N load because 

the deflections are less than the maximum design deflection. 

For W = 1800N/2500mm, L = 2500mm, Eb = 12.05kN/mm
2
 and Iav = 789,941.2mm

4 

 max  
    

 8    
  

   8               

 8              8       
  8        8        

The maximum deflection recorded for this frame is 32.8mm at a load of 5400N. So 

the frame can carry a load of 5400N force distributed on an area of 0.4m*2.5m which 

gives us a distributed load of 5.4kN/m
2
. According to Table 5-2, HB-S80 is 

appropriate for masonry and special duty tasks including concrete block work and 

extremely heavy cladding, as well as brickwork. 

The transom begins to deform when the frame is loaded with 6300N, and it 

completely crushes when 8100N is applied. As a result, 8.1 kN is considered as the 

failure load; however, no complete collapse is noted. 
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Accordingly, the following calculation is made to analyze the cause of transom failure 

using the moment and shear equation.  

The span length for the transom is taken as 0.6m and the total force is distributed to 

the four transoms equally. Therefore the load for one transom will be the total load 

divided by 4. 

Based on Equation 5.3 and Equation 5.4 for W = 8100N/4 = 2025N = 2025/0.6 = 

3375N/m, L=0.6m, referring to Table 3-5 bamboo culm for use of transom is BC-13 

having De = 50mm, Di = 43mm. 

Check for the bending moment: 

Equating this into Equation 5.4 Wpl = 5559.05mm
3
 and using Equation 5.3 the 

moment becomes 

McRd = 5559.05*129.53/2 = 360Nm 

Msd = 3375*0.6
2
/8 = 151.87Nm < 360Nm….Safe! 

Check for shear: 

Cross-sectional area for BC-13; A = 511.3mm
2
 

Using Equation 5.5 VRd = (2/π*511.3*78.96/√3)/2 = 7428.26N 

Vsd = 3375*0.6/2 = 1012.5N ≤ 7428.26…..Safe! 

One of the transoms is crushed during the physical test at a weight of 8.1 kN, although 

the analysis against shear force and bending moment indicates that it is safe. 

The following suggestions are made for the failure: 

 It is possible that the load is not distributed uniformly among the four 

transoms. There's a good chance that a significant portion of the load was 

transferred to the failed transom because of its location in the middle. 

 The crushed transom may have a weak section due to natural defects 

 A higher spacing between nodes may cause a weak section  

 There may be poor workmanship  

5.3.4 Experimental Design HB-S120 

This is similar to HB-S80 but the post spacing is 125cm with three main posts. The 

total span is taken as 2*1.25 which is 2.5m. As shown from Figure 4.18 the frame 
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failed by inner ledger failure. Therefore the analysis will be based on the inner ledger. 

The maximum deflection is calculated as follows; 

For W = 900N/2500mm, L = 2500mm, Eb = 12.05kN/mm
2
 and Iav = 789,941.2mm

4 

 max  
    

 8    
  

                  

 8              8       
              

The actual deflection at this loading for the inner ledger was 9.2mm which is the 

design maximum deflection. Therefore the frame is capable of supporting 900N force. 

For W = 1800N/2500mm, L = 2500mm, Eb = 12.05kN/mm
2
 and Iav = 789,941.2mm

4 

 max  
    

 8    
  

   8               

 8              8       
  8                 

For W = 2700N/2500mm, L = 2500mm, Eb = 12.05kN/mm
2
 and Iav = 789,941.2mm

4 

 max  
    

 8    
  

                   

 8              8       
                   

For W=2700N the deflection during the physical test was 65mm which is greater than 

the maximum design deflection. As a result, the frame cannot safely support 2700N 

force. At a load 3600N, the inner ledger is failed so no more loads are applied; 3.6kN 

is taken as the failure load. 

Therefore the maximum load-carrying capacity is between 1800N and 2700N. Below 

here is an evaluation for W=2000N so that it can be used for general-purpose 

scaffolding. 

 max  
    

 8    
  

                   

 8              8       
         

From Figure 4.16 for W = 2000N the deflection is 23.5mm which is less than the 

maximum design deflection. As a result, the frame can withstand 2000N force 

distributed on 0.4*2.5 area which means 2kN/m
2
. According to Table 5-2 HB-S120 

can be used for General Purpose scaffolding involving General building work 

including brickwork, window and mullion fixing, rendering, and plastering. 

The following analysis is made to determine the cause of the inner ledger failure using 

W = 2700N/2.5m = 1080N/m divided by two ledgers W = 540N/m, L = 2.5m and 
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from Table 3-5 BC-11 is taken for the ledgers physical property which has De = 

60mm, Di = 53mm and A = 621.25mm
2
. 

Check for bending moment resistance: 

Using Equation 5.4:                                           = 8295mm
3
 

Using Equation 5.3:       8              = 537.2Nm 

Using Equation 5.6:                                        = 421.87Nm < 537.2Nm…safe! 

Check for shear force resistance: 

Using Equation 5.5:                                                      = 9025.63N 

Using Equation 5.7:                                 =  = 675N < 9025.63N….Safe! 

The ledgers are safe from bending moment and shear force effects; the same 

suggestions as the transoms can be made for the failure. 

5.3.5 Experimental Design HB-BRS 

This is identical to HB-S120 but involves bracing on both frame faces. The physical 

test shows that the frame remains stable at 4500N of force. However, at 5400N of 

force, the transom begins to distort, and at 6300N of load, the center transom 

completely collapses and fails. So 6.3kN is taken as the failure load. 

The deflection is then analyzed as follows: 

For W = 900N/2500mm, L = 2500mm, Eb = 12.05kN/mm
2
 and Iav = 789,941.2mm

4 

 max  
    

 8    
  

                  

 8              8       
        8         

For W = 1800N/2500mm, L = 2500mm, Eb = 12.05kN/mm
2
 and Iav = 789,941.2mm

4 

 max  
    

 8    
  

   8               

 8              8       
  8                 

For W = 2700N/2500mm, L = 2500mm, Eb = 12.05kN/mm
2
 and Iav = 789,941.2mm

4 

 max  
    

 8    
  

                   

 8              8       
       8          

For W = 3600N/2500mm, L = 2500mm, Eb = 12.05kN/mm
2
 and Iav = 789,941.2mm

4 

𝑊𝑝𝑙  
𝜋       −       

     
 

𝑀𝑠𝑑  
       2

8
 

𝑉𝑅𝑑  
          

 8   

√ 
  

𝜋   
 

𝑉𝑠𝑑  
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 max  
    

 8    
  

                   

 8              8       
                  

For W = 4500N/2500mm, L = 2500mm, Eb = 12.05kN/mm
2
 and Iav = 789,941.2mm

4 

 max  
    

 8    
  

                   

 8              8       
                  

For W = 5400N/2500mm, L = 2500mm, Eb = 12.05kN/mm
2
 and Iav = 789,941.2mm

4 

 max  
    

 8    
  

                   

 8              8       
               

The transom has revealed deformation, thus even though the deflection is good at 5.4 

kN, this may not be considered a safe working load. As a result, the physical test 

currently determines the frame's capability. As a result, the distributed load of 

4.5kN/m2 would be the safe working load, distributed over a 0.4*2.5m area. 

Having this working load by referring to Table 5-2 BS-5973 Minimum imposed 

load on scaffolding BS-BRS can be used for masonry and special duty which 

involve masonry work, concrete block work, and very heavy cladding. 

As discussed before the difference between HB-S120 and HB-BRS is only the 

bracing. The failure load for HB-S120 was 3.6kN whereas 6.3kN for HB-BRS. It has 

been confirmed that the structure's strength has increased significantly with just the 

bracing member added.   

Designing bamboo scaffolding before construction is essential to ensure safety, 

compliance, efficiency, and quality, as well as to manage risks and costs effectively. It 

is a critical step that helps ensure the success and safety of the construction project. 

Table 5-3 can be used as guidance for a reasonable and efficient design and 

construction of bamboo scaffolding. Furthermore, it is important for the safety, 

efficiency, customization with project requirement and cost management (budgeting 

and resource allocation). 

Generally, five distinct experimental designs with varying parameters are physically 

tested. The following table summarizes the results of physical testing as a frame in 

terms of safe working load, failure load, and level of duty.  
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Table 5-3 Summarized Discussion of the experimental designs and level of duty 

Experimental 

design 

HB-CNP HB-CPS HB-S80 HB-S120 HB-BRS 

Post spacing (m) 1.4 1.4 0.83 1.25 1.25 

Connection 

material 

Nylon 

plastic 

PP sutli 

Bracings 

(Yes/No) 

NO YES 

Safe working 

load (kN) 

0.76 1.5 5.4 2.0 4.5 

Failure mode Connectio

n material 

Slipping 

connection 

Middle 

Transom 

Inner 

ledger 

Transom 

Duty based on 

BS-5975 

Level 1-

inspection 

Level 4-

heavy 

duty 

Level 5-

special 

duty 

Level 3- 

General 

purpose 

Level 5- 

special 

duty 
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6 Conclusion and Recommendation 

6.1. Conclusion 

Generally, Awi zone highland bamboo has good and sometimes a better mechanical 

property compared with the Asian and other species with the exception of the lower 

range of the bending modulus of elasticity. Highland bamboo's mechanical and 

physical characteristics show that, with the sound and strong connection, it can be 

used as scaffolding. 

Accordingly; two connection materials are proposed and tested for strength and 

elongation. PP sutli, which is fabricated locally in Ethiopia is found to have 

significantly better strength and elongation therefore it was used in four of the 

experimental designs out of five. 

The following points can be summarized from Table 5-3 in particular and the overall 

study in general; 

 The highland bamboos from Awi zone with a reasonable design and good 

construction technique are applicable for use of scaffoldings for different level 

of duties. 

 The physical properties can be characterized as a good diameter and wall 

thickness but relatively a large distance between nodes or a longer length of 

internodes. On the other hand, the mechanical properties like compressive, 

tensile and bending strength found to be excellent values with the exception of 

bending elastic modulus which is lower values compared with other species. 

 

 Because of the connecting material's elastic behavior and lower bending 

elastic modulus of the culm, the scaffolding is mostly securely transfer loads 

with relatively significant deformations. 

 

 The mechanical properties are primarily affected by the moisture content, with 

the compressive strength increasing as the moisture content decreases.  

 

 The stability and capability of bamboo scaffolding have been discovered to be 

significantly impacted by the connections between scaffolding members and 

the distance between vertical posts. 
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 Bracing the bamboo scaffolding is also have a great impact on the load 

carrying capacity of the frame and it is an alternative way of strengthen the 

scaffolding without minimize the spacing between vertical posts.  

 

 For use of scaffolding the axial resistance of the bamboo culm is found to be 

more than enough since buckling is not shown in all of the five experimental 

designs. 

 

 Lashing with PP sutli plastic material is found to be a sound, fast, easy and 

economical way of connection. 

6.2. Recommendation 

Based on what it is seen during the test and from the results shown the following 

recommendations are given. 

In the end, it was found that Awi zone bamboo was suitable for the scaffolding 

structure's components; nevertheless, to increase the strength and performance, more 

advanced design techniques, design specifications and full scale physical tests  unique 

to bamboo scaffolding work are recommended. 

 During construction of the bamboo scaffolding it is recommended:  

 To air dry the bamboo culms before use to minimize the moisture content. 

 To not use culms with different defects mainly culms with cracks.  

 To use culms with smaller gaps between nodes. 

 To apply bracings at any time for any high rise buildings. 

 To not exceed 1.4m for the spacing between vertical posts for any use. 

  To use PP sutli plastic for use of lashing connection for any duty bamboo 

scaffolding. 

 To refer standards and guidelines for overlap lengths of vertical posts 
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Appendices 

Appendix A: Project location and resource 

 

 

Figure A 1 "map of the study area" Google Maps, 8 July 2024, 

https://www.google.com/maps 
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Injibara is a town in Ethiopia. It is the administrative center of the Agew Awi 

Zone in the Amhara Region. Injibara is located at 10°57′N 36°56′E, in Banja 

Shekudad woreda at an elevation of 2,560 meters (8,400 ft) above sea level. 

Table A. 1 Major Highland Bamboo areas In Ethiopia (Kelbessa, E., et al, 2000) 

 

In Addis Abeba, the processing and selling of bamboo has increased dramatically in 

recent years. Processing is mostly done by two groups. Originally from Injibara or 

Kosober, traditional processors made Addis Ababa their home. They create low 

quality goods that are sold to people with low incomes. The second group consists of 

cutting-edge Addis Ababa workshops that create superior goods. 

 

 

 

 

 

 

 

 

https://en.wikipedia.org/wiki/Agew_Awi_Zone
https://en.wikipedia.org/wiki/Agew_Awi_Zone
https://en.wikipedia.org/wiki/Amhara_Region
https://geohack.toolforge.org/geohack.php?pagename=Injibara&params=10_57_N_36_56_E_
https://en.wikipedia.org/wiki/Banja_Shekudad
https://en.wikipedia.org/wiki/Banja_Shekudad
https://en.wikipedia.org/wiki/Woreda
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Appendix B: Practice of Bamboo Scaffolding 

 

 

 

Figure A 2 Application of bamboo scaffolding for sky scraper buildings in Hong 

Kong China 


