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ABSTRACTS14

Corrosion in steel reinforced concrete structures has provoked research for an15

alternative material to steel that are resistance to corrosion. This paper looked at the use16

of bamboo and rattan cane as alternative materials to steel in reinforced concrete struts.17

Fifteen (15) short concrete struts of dimension 150 mm × 150 mm × 300 mm were18

designed for a 50 KN load, with five (5) struts each reinforced with Steel, Bamboo and19

Rattan cane respectively. The samples were subjected to axial load, the results after20

crushing showed that all the struts failed in the same manner with average compressive21

strength of bamboo and rattan reinforced struts being about 78.18% and 63.48% that of22

steel reinforced struts respectively. Average crack width generated in bamboo and rattan23

reinforced struts were about 83.64% and 169.69% that of steel reinforced struts24

respectively. This paper concluded that bamboo and rattan cane can be effectively used as25

reinforcement in struts of low load bearing structures.26
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1. INTRODUCTION39

Reinforcement of cementitious materials generated considerable interest in recent40

years. The high technology of manufacturing conventional reinforced concrete of cement41

and iron or steel bars coupled with its increasing costs has stimulated the interest on how42

other materials could be used easily in reinforcing concrete and at a cheaper cost [1]. The43

use of Fibre Reinforced polymer (FRP) as an emerging technology for concrete structures44

has been tested and proved successful. This is because of its inherent characteristics such45

as corrosion resistance, high strength, light weight and anticipated long-term durability.46

Attention is gradually been focused on the use of bamboo and rattan cane as alternative47

reinforcement in concrete after the success recorded in the use of FRP.48

Bamboo is used by some American building and construction companies exclusively49

who prize it as the strongest type of wood for construction as well as being the most50

durable, resilient and long-lasting. It can be used in conjunction with steel to create51

mortices and tendon joints, which give a secure locking ability to a wooden frame made52

entirely of bamboo timbers. Bamboo can withstand heat and humid climates the53

traditional climates of Asia, and suppliers boast that bamboo houses can withstand54

hurricane if well constructed. Other uses of bamboo which cannot be disregarded as55

potential materials are as untreated pipe cover, as ceiling or floor trimmings [2].56

The use of bamboo as reinforcement in Portland Cement Concrete has been studied57

extensively by Clemson Agricultural College [3]. Bamboo has been used as a58

construction material in certain areas for centuries but its application as reinforcement in59

concrete had received little attention until the Clemson study [4].60

The commonly used canes or “Rattan” have played a significant role in human61

culture since time immemorial. It is believed that they have been in use since the fifth62

century BC. Particularly in the making of household articles, furniture, tool handles,63

lifting heavy items and in bridge construction etc. Rattans have properties that make them64

very popular as raw materials for furniture, construction, handicraft and other industries –65

they are durable, elastic, light weight, lustrous and flexible [5].66
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Rattan has the tenacity and strength that is high enough so that it can be used as a67

material for the manufacture of reinforced concrete construction. The use of rattan as a68

material for reinforcing concrete was reported in the weekly newspaper in Indonesia.69

This finding was demonstrated in the trial manufacture of reinforced concrete70

construction which was made from rattan for a bridge in Kendari, Southeast Sulawesi71

Province in early 1985. The experiment was with tohiti rattan that has stronger and higher72

power after preservation [6].73

Akinyele and Olutoge [7], investigated the properties of rattan cane reinforced74

concrete façade. They observed that rattan cane reinforced façade and the conventional75

steel reinforced façade both experienced flexural type of failure, but due to the low76

modulus of elasticity of rattan cane, its façade exhibited larger strain than those of steel77

reinforced façade. The experiment showed that rattan façade has lower crack widths78

when compared with that of steel which gave it advantage when exposed to moisture.79

1.2 Structural properties of Rattan cane and Bamboo.80

In order to design any structural component efficiently, it is necessary to know81

in advance the strength capability of the material to be used. Rattan cane and Bamboo82

presents a problem in this respect since the quality can not be controlled as they are83

naturally occurring materials. All the other materials that are used structurally are man84

made and therefore some form of quality control can be exercised during their85

productions, this has led to some research work on the structural properties of Rattan86

cane & bamboo.87

According to Lucas and Dahunsi [8], the rattan cane concrete bond strength ranges88

between 0.0816 and 0.598 N/mm2 depending on the species and natural conditions, as89

compared to 2.07 N/mm2 obtained for steel concrete bond [9].  These values represent90

between 3.94 and 28.86 percent of the bend strength of steel with concrete. They fall91

within the range obtained by Cox and Gyemayer [10], that is 0.34 – 0.38 N/mm2 and92

Youssef [11] that is 0.56-0.68 N/mm2 for some bamboo species bonded with concrete.93

The average tensile strength for this bamboo family was determined to be between94

204 N/mm2 and 250 N/mm2 [1]. This result is comparable to mild steel. Tensile strength95
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is also influenced by the diameter of the reinforcement; similar effects do not exist in the96

case of conventional steel reinforcement.97

It was found that the moduli of elasticity for three species of Rattan cane were98

3396, 516 and 11106 N/mm2 for C. deerratus, E. macrocarpa and L. secundiflorum99

respectively [14].100

The use of rattan reinforcement in lieu of conventional steel reinforcements101

requires better understanding under axial loading and performance conditions. This paper102

presents the behavior of reinforced short struts with rattan cane, Bamboo and the103

conventional steel reinforcements under axial loading. The experiment has been carried104

out on Fifteen (15) short concrete struts.105

1.3 Buckling and Compression of Struts106

When load is applied to the centroid of cross section of a column (i.e axial load)107

uniform compressive stresses are developed. Failure occurs when the actual direct stress108

exceeds the crushing stress of the material (i.e Fa ≥Fy). The crushing load is given by109

Py = AFy ………… .1110

Where Py is the crushing load, A is the cross sectional area of the column and Fy is the111

yield or crushing stress of the material.112

In 1757, Euler derived a formula for the maximum load a column can carry without113

buckling called critical load and it is given by114

Pcr = π2EI/L2 ………… 2115

Where Pcr is the critical load, E is the modulus of elasticity, I is the area moment of116

inertia and L is the effective length of the column depending on support condition.117

This expression predicts that when a column becomes indefinitely long, the load118

required causing the member to buckle approaches zero and when the length of the119

column begins to approach zero, the load required to cause it to buckle becomes120

indefinitely large. What actually happens is that as the member becomes short, the failure121

mode changes to that of crushing [12]. From the above, since short struts are under122

consideration in this work, test for compression or crushing was carried out.123

124
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2. MATERIALS AND METHODS127

2.1 Detail of experimental study128

The study considered fifteen (15) short struts of dimension 150 mm × 150 mm ×129

300 mm and were designed for a 50 KN load and cast with five (5) struts each reinforced130

with bamboo, rattan and steel (being control) respectively.131

2.2 Experimental Procedures132

The formula used for steel and rattan cane reinforced struts design was:133

N = 0.4 Fcubh + Asc (0.8Fy - 0.4 Fcu) [13] 1134

Where: N is the design axial load, Fcu is the characteristic strength of concrete, Fy135

is the characteristic strength of Steel, b and h are the width and length of the column cross136

section respectively and Asc is the area of steel provided.137

Bamboo reinforced column design formula was:138

P = 0.8 Ag (0.225 Fcu) [4] 2139

Where P is the design axial load, and Fcu is the characteristic strength of concrete.140

All the reinforcing materials (i.e. bamboo, rattan and steel) were cut to the141

length of 260 mm to allow for 20 mm cover each at the top and bottom of the struts.142

Bamboo culm was cut transversely with the aid of hacksaw and split longitudinally to143

width of 18.75 mm (3/4 inch) as specified by the design. Rattan was also cut transversely144

with the aid of hacksaw. Both bamboo and rattan where coated with MC1 with the aid of145

brush and allowed to dry for two days.146

The high yield steel was cut to the lengths of 260 mm as others with the aid of hacksaw.147

The mild steel was cut and bent as designed for to serve as links for all the148

reinforcements with the aid of binding wire. The prepared reinforcements are shown in149

the figure 1.150

151
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Figure1:  Prepared Reinforcements.153

154

The fifteen formworks were greased with engine oil for easy removal after the155

concrete is set. The already prepared reinforcements were placed into the formworks156

considering the cover to the reinforcements. Batching by mass was done in the mix ratio157

of 1:2: 4 (i.e. one part of cement with two parts of fine aggregate and four parts of coarse158

aggregate) and the water –cement ratio of 0.65 for easy workability. Concrete was then159

placed immediately after the batching and adequate tamping done to prevent voids within160

the concrete.161

The struts were allowed to set for 24 hours after which the formworks were removed.162

The struts were cured for 28 days by wetting them everyday after which they were tested163

for crushing (compression). The crack widths observed after crushing of the struts were164

measured using Vernier caliper.165

166

167
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Fig.2 Strut under test.169

170

3. RESULTS AND DISCUSSIONS171

It was observed that after crushing the struts, all of them failed in similar patterns172

with cracks emanating from their bases and extending up to more than two - third of their173

heights from the base and crack widths were also larger at the base as shown in figures 3-174

5 . The crack width formed are different from each other, rattan cane had larger crack175

width, followed by steel reinforced column, although the difference between the crack176

widths of bamboo and steel struts were very small, the implication is that mode of failure177

is independent of the type of reinforcing material used, the crack pattern has showed that178

the reinforcement is not involved in forming the pattern, hence the cracks run parallel to179

the reinforcement, although the stirrup used was made of low yield steel materials, but it180

has little to contribute to the crack patterns. Only the intensity of the failure load in terms181

of crack width generated is of significance because the ability of the reinforced column to182

resist axial force depends on the yield strength of the individual material used as183

reinforcement. This will determine the amount of load to be resisted and eventually the184
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crack widths. The higher the ability to resist load the lower the crack width that will be185

formed on the concrete column. The reason for this is because if the stress due to load on186

the reinforcement is more than what the reinforcement can withstand the excess stress is187

then transferred to the concrete which has a lower strength: hence cracks are formed on188

the concrete before it eventually fails by crushing.  Although, the actual unit stress on the189

concrete or the actual unit stress on the reinforcement of a concrete column under190

sustained actual loading cannot be precisely measured. If the materials were really elastic,191

it would be possible to equate the unit deformation of the two materials and obtain the192

ratio of the reinforcement stress to concrete stress.193

A load applied for only a short time causes very little creep, especially when the194

concrete is well cured; a long time loading may not necessary give the same results as195

that of the short term test carried out in this study.196

It is evident from Table1 that all the struts performed efficiently with respect to the197

design load of 50 KN but the average ultimate load that caused compression or crushing198

of bamboo reinforced concrete struts and rattan reinforced struts were about 78.18% and199

63.48% that of steel reinforced struts respectively. Since all the struts are of the same200

cross sectional area, the average compressive or crushing strength which can be201

calculated from equation 1 are also of the same proportions as the average ultimate loads.202

Furthermore from the Table 1, the average crack width generated after the failure of203

the struts was the lowest in bamboo reinforced column (83.64% that of steel) and highest204

in rattan reinforced struts (169.69% that of steel). Since cracking is an undesirable205

property in reinforced concrete, it follows that in terms of cracking, bamboo performed206

more efficiently than steel and rattan cane was the least efficient.207

208

209

210

211

212

213
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Table1: Values of the test results215

Reinforcing Materials Average

ultimate

load (KN)

Average

crack width

(mm)

Rattan 94.82 2.80

Bamboo 116.78 1.38

Steel 149.38 1.65

216

217

Figure 3. Failure mode in Rattan cane reinforced Strut218
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Fig.4 Failure mode in Bamboo Reinforced Strut220
221
222

223
Fig.5. Failure mode in Steel Reinforced Strut224

225

226

227
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4. CONCLUSION228

From this study, it can be inferred that all the concrete struts reinforced with the three229

different materials performed efficiently with respect to the design load. The compressive230

strength of steel reinforced concrete struts was the highest followed by bamboo231

reinforced concrete struts and that of rattan reinforced concrete struts was the least. In232

terms of cracking, struts reinforced with bamboo performed more efficiently than those233

reinforced with steel and those reinforced with rattan were the least efficient.234

Low load carrying concrete struts can be constructed using bamboo and rattan as235

reinforcements since both of them performed less efficiently than steel.236

Research and design engineers should work on classification of the various bamboo and237

rattan species, preservative and bond strength enhancing conditions. Characteristic238

strength for each class should also be established from which unified codes and239

specifications for design can be provided. Possibility of forming bamboo and rattan cane240

into stirrups or links should also be investigated so that the reinforcements will be241

uniform.242
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