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Abstract 

Truss structures are usually only considered to accept 

compressive axial forces and tensile axial forces. Structure 

node point is assumed to be a joint that cannot receive 

moments. But it's not the case with truss structures from 

concrete, large self-weight causes moment, so that "Truss" 

structures from concrete are called "Frame" structures. This 

study aims to increase the capacity and crack pattern of the 

precast bridge frame from bamboo reinforced concrete with 

different reinforcement variants. Two frames are made with 

the focus of observation on the underside element of the 

frame. Frame variations consist of one frame with symmetry 

reinforcement as the joint frame model or “truss model”, one 

frame with flexural reinforcement as the rigid portal model or 

“frame model”. Testing is done with two load points at the 

knot on the top side of the frame. The test results show that 

the bamboo reinforced concrete frame with a rigid portal 

model or "frame model" has stiffness and higher load capacity 

than the stiffness of the joint frame model or "truss model". 

Large self-weight will cause the moment can not be zero on 

each element, and the knot point behaves elastic clasps. 

However, a reinforced concrete frame does not fully behave 

as a rigid portal, this is evidenced by the crack pattern similar 

to the crack pattern on the "truss model", namely cracking 

perpendicular to the stem element and propagate across the 

tensile element.  

Keywords: Precast Bridge Frame, Bamboo Reinforced 

Concrete,  Crack Pattern, Truss Model, Frame Model 

 

I. INTRODUCTION 

Bamboo as a construction material has been widely used 

especially in rural areas that produce bamboo. The utilization 

of bamboo is usually used as a warehouse construction 

framework, simple house construction, non-permanent 

bridges, and others. Bamboo as a material renewable and 

environmentally friendly has been widely researched as a 

concrete reinforcement by [1], [2], [3], [4], [5], [6], [7], [8], 

and [13]. The use of bamboo as truss reinforcement has not 

been much researched. Dewi et al. (2011)  [9] examined 

bamboo as a reinforcement material for simple house horses 

and his research showed that the cracking patterns that occur 

are due to the flexural effect. 

The main principle of the truss as a load-bearing structure is 

the arrangement of the truss elements into triangular 

configurations so that it becomes a stable shape. External load 

is a centralized load that works at knot points. This external 

load effect causes pure tensile force and compressive force on 

each truss element. The truss structure from reinforced 

concrete has an uncertain element of the knot point so that the 

compressive force and tensile force are not completely pure 

axial forces. This is due to the restraint at the knot point and 

its considerable weight. 

Theoretically, the maximum force that can be resistant by 

every bamboo reinforced concrete frame element is the load 

that causes the f'c stress on the concrete. The frame element 

with area Ag with width b and height h, area of reinforcement 

of Ab bamboo, then the net area of the cross-section of the 

bamboo reinforced concrete frame element is Ag-Ab. The 

maximum centric load capacity on a bamboo reinforced 

concrete frame can be obtained by adding concrete 

contributions, ie (Ag-Ab)f’c and the contribution of Abfyb 

bamboo. Thus, the maximum centric load capacity, Po can be 

stated as follows Equation (1). 

               

  bybcbgo xAffAAP  '
             (1) 

Centric load causes the pressure to be evenly distributed on 

the cross-section so that the stress and strain will be the same 

throughout the cross-section. In reinforced concrete design, 

the assumption of concrete tensile strength is ignored because 

the tensile strength of the concrete is small so that the tensile 

force is fully retained by the reinforcement. However, at 

elastic loads, before cracking occurs in the concrete, the 

tensile strength is restraint by the concrete and bamboo 

reinforcement. So that the tensile capacity of frame elements 

is calculated by calculating the tensile strength of concrete 

such as Equation (2) [9], [10]. 

                                       

  bambootrbamboogcro AfAAfP .85,0 '     (2) 

where f'cr = concrete tensile stress, ftr = tensile yield stress of 

bamboo, Ag = Area of cross section of concrete elements, 

Abamboo = area of bamboo reinforcement. 
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There are two types of cracks on pure reinforced concrete 

frame elements, namely primary cracks and secondary cracks 

[11]. When reinforced concrete elements experience tensile 

stress, two types of cracks will form. The first type is cracks 

that are seen on the concrete surface (primary crack), usually 

occurring at the ends of the trunk, while the second crack does 

not appear to the concrete surface (secondary crack) as shown 

in Figure 1. The formation of additional primary cracks 

continues as the stress increases until the cracking distance 

approaches twice the thickness of the concrete blanket 

measured in the direction of the concrete reinforcement center 

[11]. 

The crack pattern of a bamboo reinforced concrete frame 

structure usually has a crack pattern that is almost the same 

that is perpendicular to the axis of the stem. The initial cracks 

occur in the element that experiences the greatest tensile 

force, then the cracks move on the compressive element, 

along with the load continue to increase cracks approaching 

the knot point, especially the knot point near the support [9]. 

The collapse of the entire structure is caused by a combination 

of the compressive force and the shear force at the support 

point. The collapse of the knot point causes the frame tensile 

element and the frame compressive element to be unable to 

increase the tensile strength and compressive strength to the 

maximum. And the cracks pattern and collapse of reinforced 

concrete frame structures still show a bending effect [9]. 

 

Fig. 1. Primary and secondary cracks in reinforced concrete 

elements that experience tensile stress [11] 

 

II. MATERIAL AND METHODS 

A. Bamboo Reinforcement 

Bamboo reinforcement used is petung bamboo species aged 3-

5 years. Before use, bamboo reinforcement is treated by 

immersing it in water for approximately 3 weeks, drying on 

free air to a moisture content of approximately 12%, cut off 

according to the planned size and shape, given a first stage 

waterproof coating, hose-clamp installation, and given a 

second stage waterproof coating. The type of waterproof 

coating used is Sikadur®-752. Hose-clamps used in diameter 

are ¾” made in Taiwan. 

B. Bamboo Reinforced Concrete Frame and Testing 

Methods 

The design of the bamboo reinforced concrete bridge frame 

was made with a length of 320 cm and a height of 115 cm. 

Dimensions of the underside element measuring 12 cm x 20 

cm, the vertical element and top side element measuring 12 

cm x 10 cm, and the diagonal element measuring 12 cm x 14 

cm. Hose-clamp spacing of 25 cm is installed only on the 

tensile element of the underside section of the bridge frame. 

Tests carried out with a maximum load of 10 tons, adjusting 

to the loading frame capacity in the laboratory. Strengthening 

of knot point used Ø 6 mm steel reinforcement, while the 

distribution reinforcement used Ø 8 mm steel reinforcement. 

Dimensions and details of reinforcement of the bridge frame 

are presented in Figure 2, Figure 3, and Table I. 

Bridge frame testing is carried out with static loads at two the 

knot points of the top side elements. Bridge frames are made 

as many as 2 pieces with different reinforcement models, 

namely the rigid portal model "frame" and the joint frame 

model "truss". The rigid portal model uses the tensile 

reinforcement and compressive reinforcement, while the truss 

model uses symmetrical reinforcement on all four sides, as 

shown in Table I-P. 

The bridge frame test is carried out on two supports, namely 

hinge support and roller support. The load given is a 

centralized load on two the knot points on the top side of the 

bridge frame, each spaced ⅓L from the support. The loading 

uses a hydraulic jack and a load cell that is connected to the 

load indicator tool. The strain gauge is mounted on the 

bamboo reinforcement at ½L space from the supports to 

determine the strain that is occurring. The strain gauge is 

connected to a 6 digit digital strain-meter with stacking cable. 

To detect deflection that occurs in the bridge frame, LVDT is 

installed at a distance of ½L from the support. The loading is 

done slowly to get the data accuracy. Load readings on the 

load indicator are used to control the hydraulic jack pump, 

deflection readings, and strain readings according to the 

planned loading stage. The bridge frame testing settings are 

shown in Figure 4. 

 

 

Fig. 2.  The dimensions of the bamboo reinforced concrete 

bridge frame 
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Fig. 3.  Reinforcement details of the knot point of the bridge frame 

Table I 

Reinforcement Details of Bridge Frame 

Model P (shown in Figure 2) Q (shown in Figure 2) R (shown in Figure 2) 

Rigid 

portal 

model or 

“frame” 
 

  

Joint frame 

model 

"truss" 

   

 

 

Fig. 4. The setting of the test of bamboo reinforced concrete bridge frame 

 

 
12 cm 

20 cm 

Bamboo reinforcement 
 □ 1,5 x 1,5 cm

2
 

Stirrup Ø 6 – 100 mm 
Stirrup Ø 6 – 150 mm 

 
12 cm 

100 cm 

Bamboo reinforcement 
 □ 1,5 x 1,5 cm2 

Stirrup Ø 6 – 150 mm 
 

 
12 cm 

140 cm 

Bamboo reinforcement 
 □ 1,5 x 1,5 cm2 

Stirrup Ø 6 – 150 mm 
 

 
12 cm 

20 cm 

Bamboo reinforcement 
 □ 1,5 x 1,5 cm

2
 

Stirrup Ø 6 – 150 mm 
 

 
12 cm 

100 cm 

Bamboo reinforcement 
 □ 1,5 x 1,5 cm2 

Stirrup Ø 6 – 150 mm 
 

 
12 cm 

140 cm 

Bamboo reinforcement 
 □ 1,5 x 1,5 cm2 

Stirrup Ø 6 – 150 mm 
 

 

SG = Strain gauge 
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III. RESULTS AND DISCUSSION 

A. The relationship of load (P) vs deflection (Δ) and strain 

(ε) 

Figure 5 shows the relationship diagram of load (P) vs. 

deflection (Δ) of the rigid portal frame. At 0 kg loads up to 

7900 kg are linear curves and no cracks have been seen. At an 

8700 kg load, the initial crack occurs at the end of the tensile 

element near the roller support. After the initial crack occurs, 

the curve is still linear and sloping followed by crack 

propagation. This is because the bridge frame is a 

combination of several elements so that if one element is 

cracked, the rigidity of the frame is still large and the 

deflection is still small. The load capacity based on theoretical 

calculations results and test results data is shown in Table II. 

At a load of 9500 kg with a deflection of 7.55 mm, the loading 

was stopped due to a frame maximum loading capacity of 

10000 kg. But the curve still shows a linear curve even though 

the crack has crept up to the top end of the element. After 

releasing the load slowly, the deflection continues to 

decreased until 0.64 mm or close to zero, this shows that the 

bamboo reinforced concrete frame has good energy 

absorption. Likewise in the load (P) vs strain (ε) relationship 

as shown in Figure 6 shows a linear curve, although it slightly 

shows deflection that up and down due to the transfer of 

tensile forces from bamboo reinforcement to concrete. 

 

Fig. 5.  The relationship of load (P) vs deflection (Δ) of bridge 

frame 

 

Fig. 6. The relationship of load (P) vs strain (ε) of bridge 

frame 

 

Table II: Data of test results from bamboo reinforced concrete bridge frame 

Model 

Theoretical results Experimental results (stoppage of load at 9500 kg) 

Maximum load, Po 

(kg) 

Initial 

crack 

load 

(kg) 

Stop 

load 

(kg) 

Deflection The ratio of 

the initial 

crack 

between 

experimental 

/ theoretical 

(%) 

Information 
When 

the 

initial 

crack 

(mm) 

When 

the 

stopping 

load 

(mm) 

Frame Model 

42924 (tensile) 8700 9500 5.84 7.55 20.27 The initial crack occurs at 

the knot point of the roller 

support -46729 (compressive) 

     

Truss Model 

42924 (tensile) 5500 9500 5.24 9.47 12.81 The initial crack occurs at 

the knot point of the hinge 

support -46729 (compressive) 

  
  

  

Figure 5 and Figure 6 show that a bamboo reinforced concrete 

frame with a rigid portal model "frame" has stiffness and 

higher load capacity than the stiffness of the joint frame 

model "Truss". This is because the reinforced concrete frame 

has a large self-weight which cannot be ignored. The facts in 

the field, a large self-weight will cause the moment can not be 

zero at the end of each frame element, and the knot point of 

the frame behaves elastic clasps. Therefore, reinforcement 
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detail of reinforced concrete frames needs to be reviewed 

whether there is bending or not. However, reinforced concrete 

frames do not fully behave as "frames", this is evidenced by 

crack patterns resembling crack patterns on pure "truss" 

elements, namely cracks perpendicular to frame elements and 

cut off frame elements as shown in Figure 7 and Figure 8. 

 

B. The crack pattern of the bridge frame 

Figure 8 shows the frame crack pattern with a rigid portal 

model called "frame" and Figure 7 shows the frame crack 

pattern with the joint frame model called "Truss". Both crack 

patterns show the same crack pattern. The initial crack shows 

crack due to tensile forces, this can be seen in the crack 

pattern that is perpendicular to the axis of the frame element 

and cuts the surface of the underside frame element. Shear 

cracks due to bending have not been seen due to loading 

stopped at a load of 9500 kg according to the frame loading 

capacity of 10000 kg. The difference between the crack 

pattern of the rigid portal model "frame" and the joint frame 

model "Truss" lies in the crack position, ie the cracks of the 

"frame" model approach the roller support, while the "truss" 

model approaches the hinge support. The crack width of the 

two models when the stopping load is still smaller than 0.3 

mm so that the frame can still be used ACI-318 (2014) [12].  

 

Fig. 7. The crack pattern of the joint truss model or "Truss 

Model" 

 

 

Fig. 8. The crack pattern of the rigid portal model or "Frame 

model" 

 

Fig. 9. The deformation of the joint truss model or "Truss 

Model" 

 

 

Fig. 10. The deformation of the rigid portal model or "Frame 

model" 

 

The difference between the two crack locations can be 

validated with a computer program through the deformation 

that occurs. The difference deformation and deflection that 

occur in the two models can be seen in the results of computer 

program simulations as shown in Figure 9 and Figure 10. The 

maximum deformation of the "frame" model is on the element 

or the knot point near the roller support, while the maximum 

deformation of the "truss" model is at the knot point near the 

hinge support. Simulation with a computer program on the 

"truss" model is carried out by releasing the frame element. 

Another difference from the two frame models is the initial 

crack load value, the initial cracking load of the "frame" 

model occurs at an 8700 kg and the initial crack load of the 

"truss" model occurs at 5500 kg. 

 

IV. CONCLUSION 

- From the relationship of load vs. deflection and load vs. 

strain of the reinforced concrete bridge frame with a rigid 

portal model or "frame model" has higher rigidity and load 

capacity when compared to the joint frame model or "truss 

model" 

- The initial crack load capacity of the reinforced concrete 

bridge frame with frame model is greater until 36.78% 

when compared to the truss model  

- The bamboo reinforced concrete bridge frames with rigid 

portal models and joint frame models have the same crack 

pattern and different deformations. 

- The application of the details of flexural reinforcement or 

 

 

 

The crack zone of "Truss model" 

 

The crack zone of "Frame model" 
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double-sided reinforcement, namely tensile reinforcement 

and compressive reinforcement on a bamboo reinforced 

concrete bridge frame can increase the load capacity and 

rigidity of the bridge frame when compared to the 

symmetry reinforcement model or the truss reinforcement 

model. 
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