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1.Introduction 
Steel is a series of iron–carbon alloys with well-

defined component ratios. [1]. Steel has several 

advantages over other materials like concrete and 

wood. The steel quality could be controlled, produced 

massively, has high strength in tension, high 

ductility, and very homogenous and uniform 

material. Steel is divided into cold-formed steel 

(CFS) and hot-rolled steel (HRS) [2]. CFS has 

advantages over HRS, such as lightweight, could be 

formed for unusual sectional configuration, efficient 

structural application, and is relatively easy to be 

modified in the field [3]. Due to its lighter weight, the 

CFS is beneficial in reducing the weight of the 

building to reduce seismic activity. Connections are 

an important part of a steel structure, where a proper 

design and treatment are necessary to make the 

structure safe and economic [4].  
 

 
*Author for correspondence 

The load transfer mechanism is vital in connection. 

CFS has a problem in connection due to the 

thickness, so a proper connection design for the CFS 

has to be suitable for the application. The bolt 

connection is recommended for the beam-column 

connection with CFS material rather than the screw 

connection. The connection studies for beam-column 

are divided into two areas: composite and non-

composite study. 

 

A composite connection is a combination of materials 

utilized in the connection, such as steel and concrete. 

The composite study [5−9] has slab components with 

concrete material. Shear connectors are used to 

connect the concrete material to the CFS beam to 

prevent shear failure. All of the concrete utilized in 

those tests was conventional concrete. The studies 

utilized the slip-in gusset plate with a rectangular 

gusset plate [5, 6] and a haunched gusset plate [7]. 

Yu et al. [8] conducted a composite connection study 
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using HRS material for the beam and the column 

with a steel-reinforced concrete configuration.  

 

Saggaff, et al. [9] studied about CFS composite 

beam. The specimen consisted of CFS as the beam 

and self-compacting concrete as the slab material. 

The study is conducted with a full-scale experimental 

test with a four-point load system. The results show 

that CFS with 4 mm thickness has a high value of 

ultimate moment compared to CFS with 2 mm and 3 

mm thickness. The CFS could be an alternative 

material for the roofs and floors building. 

 

The studies of composite connection [7] have been 

conducted by investigating the effect of beam 

dimension and the seat angles' influence. The study 

shows that the seat angle does not influence the 

connection significantly. Adding the seat angles 

could cause a rigid behavior in the connection and 

prevent the local buckling on the bottom flange of the 

beam [7]. Sulaiman et al. [5] studied a composite 

connection of cold-formed sections. The results show 

that a composite connection had a better load-

carrying capacity than a non-composite connection. 

Non-composite connections mean that just a single 

material is used in this study. The study of non-

composite connections [10−15] is very various. All 

of the studies used the bolted connection and a slip-in 

gusset plate. Other non-composite connections 

discussed a portal frame [16−19], improvised 

connection for industrial structure [11], and welded 

connection in HRS beam-column [20].  

 

For the composite studies about the beam, the 

component utilizes ultra-high-performance concrete 

(UHPC) for the slab [21], and steel fiber reinforced 

concrete is utilized for the composite beam [22]. 

Parastesh et al. [23] improved an anti-symmetrical 

CFS beam or column component profile. 

 

Based on the studies above, no study has discussed 

the behaviour of composite CFS connection utilizing 

lightweight concrete for the slab. This paper 

investigated beam-to-column composite connection's 

parametric behaviour, where the slab material is 

lightweight concrete. The parametric study 

investigates the moment resistance, stiffness, and 

classification of the connection within the proposed 

connection configuration. This study refers to Yu et 

al. [8] research using bolted and haunched gusset 

plate connections. It is hoped that this type of 

structural configuration could reduce the structural 

weight and make it more economical. This study 

shows lightweight structures that combine a 

lightweight material in steel and concrete, which is 

still rare. 

 

In this paper, section 1 describes the background and 

objective. Section 2 shows the literature review on 

CFS as a structural member and connection. Section 

3 explains the methodology that was carried out in 

this study. Section 4 shows the results of this study. 

Then, Section 5 discusses the obtained results. Last, 

Section 6 concludes the discussed results. 

 

2.Literature review  
Utilization of the CFS section as the structural 

component is still rare. It is due to a lack of stability 

in the CFS profile. CFS has a slender profile rather 

than HRS. Furthermore, some studies have discussed 

CFS as a structural component, such as beam 

component [23−33], flooring system [34], column 

component [35−38], portal frame[16-19, 39], apex 

and eaves connection [40−43] and a connection 

between beam-column components [5−7, 10−15, 

44−51] had already investigated in the previous 

study. Also, a study about the connection in HRS has 

been conducted [52−58]. 

 

Zhao et al. [24] have studied the influence of web 

holes on the flexural behavior of CFS channel beams 

and assessed the reliability of the direct strength 

method (DSM) following North American 

Specification (NAS). Under four-point bending, 10 

examples with varying web hole diameters and lips 

were tested. Local buckling and distortional buckling 

are dominant failure modes. It has been discovered 

that the DSM in NAS provides an inappropriate 

estimation for CFS channel beams with web holes. 

Chen et al. [25] have carried out an experimental 

study for CFS with elliptical hollow section (EHS) 

for beam-columns element. Some variation of 

eccentricities is utilized to evaluate the load-moment 

relationship. The result shows that the experimental 

results and the prediction by analytical design are 

quite conservative and reliable for CFS with EHS 

type. 

 

The research about CFS beam for the modular 

building was conducted by Gathesshgar et al. [26]. 

The use of CFS in modular systems demonstrated the 

possibility for lighter modules and more sustainable 

constructions by lowering their carbon footprint. The 

researchers reach the conclusion that improving the 

CFS section with super sigma sections improves 

structural performance and brings the shear center 

closer to the outside web. Shi et al. [27] carried out 

the study about composite CFS beams. It has six full-
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scale specimens to investigate the flexural behavior 

and the CFS composite slab capacity. There are a 

variety of shear transfer mechanisms and different 

slab materials. The results show that the shear 

buckling of the joist web commonly occurs, different 

behavior of each specimen due to different types of 

sections, and the CFS joist's strength influence the 

composite beams' flexural behavior. Recently, a 

study on constraint optimization for anti-symmetric 

CFS in beam-column elements was conducted [23]. 

The study intended to increase the load-bearing 

capacity of beam-column components to make them 

more efficient and cost-effective. There are 132 

specimens with three different lengths and eleven 

cross-sections subjected to concentric compression 

stresses. Additionally, a variety of load eccentricities 

are implemented. The findings indicate that the 

optimization of CFS constraint enhances the strength 

of beam-column elements by 62%, 92%, and 188%, 

respectively, compared to the standard sections for 

short, medium, and long elements. Saggaff, et al. [9] 

studied about CFS composite beam. The specimen 

consisted of CFS as the beam and self-compacting 

concrete as the slab material. The study uses a full-

scale experimental test with a four-point load system. 

The results show that CFS with 4 mm thickness has a 

high value of ultimate moment compared to CFS 

with 2 mm and 3 mm thickness. The CFS could be an 

alternative material for the roofs and floors of the 

building. Another investigation on CFS composite 

beam presented a beam with a rectangular shape, 

packed with various lightweight packing materials, 

which resulted in a novel lightweight CFS beam [30]. 

The lightweight material was hollow PVC, 

cardboard, and timber for the flange and web 

variation.  The results show that cardboard and 

timber packing shows a good resistance, especially 

against CFS's distortional buckling. 

 

An HRS study about square hollow section 

connection is conducted by Tafsirojjaman et al. [58]. 

The connection tests are conducted under monotonic 

and cyclic loading. The composite joint test for a 

residential structure was carried out by Zhang et al. 

[53] using a U-shaped steel composite beam and a 

concrete-filled square steel tube column as the 

components. The welded connection was applied in 

the experiment. The connection strengthening studies 

of simple shear connection has conducted by 

Alrubaidi et al. [57]. The results show that the peak 

load of the specimen was significantly increased 

throughout the flexural and catenary action phases 

after shear connections were strengthened using pre-

tensioned high-strength hot-rolled steel bars inside 

the connection zone. 

 

Mojtabaei et al. [38] studied the apex and eaves 

connection subjected to axial compression, shear, and 

bending moment from AISI and Eurocode Standard. 

Rinchen and Rasmussen [19] performed full-scale 

tests of portal frames with a single C-Section, and the 

ultimate load is predicted with the Direct Strength 

Method. The experiments were performed on six 

portal frames with a center-to-center span of 13.6 

meters, an eaves height of 5.7 meters, and an apex 

height of 6.8 meters. 

 

The study of beam-column connection with finite 

element method analysis is conducted by Venghiac et 

al. [59]. The results indicate that the bolt's diameter 

influences the stress level. When the diameter of the 

bolt increases from 10 mm to 16 mm, the stress level 

decreases to 46.15%. A cyclic and monotonic loading 

test of cold-formed steel has been conducted [14, 15, 

50, 60] with a haunched gusset plate configuration. 

The beam-column connection of encased CFS Beams 

to concrete-filled steel tube columns has been carried 

out [48]. The experimental test was conducted with 

the static load. The study showed that the designed 

specimen has a higher load-bearing capacity and 

more resilience than the beam-column connection 

shown in conventional reinforced concrete. The 

concrete prevented the CFS from buckling, and the 

composite action contributed to improving the 

flexural capacity.  

 

The studies of composite connection in CFS [7] have 

been conducted by investigating the effect of beam 

dimension and the seat angles' influence. It stated that 

the seat angles influence the connection resistance. 

Adding the seat angles could cause a rigid behaviour 

in the connection and prevent the local buckling on 

the bottom flange of the beam [7]. Sulaiman et al. [5] 

studied a composite connection of cold-formed 

sections. The result shows that a composite 

connection had a better load-carrying capacity than a 

non-composite connection. 

 

Previous studies have indicated that the topic of CFS 

research has advanced. Structures such as beams, 

columns, composite beams, and connections were 

utilized. Especially for connection, studies have been 

performed on screw, weld, and bolt connections. 

Bolted beam-column connections indicate the 

limitations of the research in composite connections. 

According to the overall composite connection study, 

there is no research on the composite connection that 
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uses lightweight concrete as the slab component. The 

behavior of lightweight concrete used as the slab 

component in composite connections is discussed in 

this study.  

 

3.Methodology  
The study attempts to evaluate the moment capacity 

of a composite connection using lightweight 

concrete. This study was conducted using a 

parametric approach following the Eurocode 

Standard. The specimen for the current study is called 

isolated joint test of lightweight concrete (IJLW). 

The isometric view of the IJLW specimen can be 

seen in Figure 1. 

 

 
Figure 1 (a) Side View and (b) Isometric view of 

IJLW specimen 

 

3.1Material properties 

This study has two CFS types: C250 for beam 

components and C300 for column components. The 

CFS yield strength was 450 MPa and the ultimate 

strength was 480 MPa. The specification of the CFS 

is shown in Figure 2 and Table 1. The back-to-back 

system of the double-lipped channel (DLC) was 

applied in this study. 

 
Figure 2 CFS section 

Table 1 The dimension of CFS section 

Section b 

(mm) 

h 

(mm) 

t 

(mm) 

r 

(mm) 

c 

(mm) 

DLC250 75 250 2.4 5 20 

DLC300 100 300 2.4 5 25 

 

The gusset plates were haunched gusset plates with 

the configuration same as previous research [7]. An 

HRS type was used for the gusset plate, which had a 

yield strength of 321 MPa and an ultimate strength of 

465 MPa. The gusset plate has a thickness of 5 

millimetres all the way through. The Figure 3 of the 

gusset plate may be seen in the following illustration. 

 

 
Figure 3 The shape of gusset plate 

 

Concrete has been cast into a slab that is 750 

millimetres wide and has a thickness of 100 

millimetres. This lightweight concrete had a 

compressive strength of 20 MPa when it was 

analyzed. There are a rebar ϕ6-200 and ϕ12 for the 

anchorage component. The slab was supported by a 

metal deck, while M12 shear connections make the 

composite actions between the concrete slab and CFS 

beam. The bolt yield strength was 758 MPa and 834 

MPa for ultimate strength based on Lawan [61]. The 

rebar and the anchorage are shown in the isometric 

and top view (Figure 4 and Figure 5). 

 
Figure 4 Isometric view of IJLW rebar and 

anchorage 
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Figure 5 Top view of IJLW 

 

In this study, Figure 6 presents the study's flowchart. 

It described how to assess the connection's moment 

resistance and stiffness in accordance with Eurocode 

3 specifications. The cross-section characteristics 

were previously described in Table 1, and the 

material parameters, such as yield strength and 

ultimate strength, of CFS, HRS, and the bolt, were 

previously described. The flowchart allowed us to 

compute the moment resistance and stiffness of the 

connection. After the moment resistance and stiffness 

have been calculated, the connection may be 

categorized into strength, stiffness, and ductility. 

 

 
Figure 6 Study flowchart 
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In BS EN 1993 1-8: 2005, some calculations about 

bolt group resistance in gusset plate exist. There are 

shear resistance and bearing resistance that governs 

the joint capacity. The shear and bearing resistance 

formulation are shown in Equation 1 and 2, 

respectively. 

      
               

   
   (1) 

 

      
       

   
    (2) 

 

Fv,Rd stands for the bolt’s shear resistance and Fb,Rd 

for the bolt’s bearing resistance. αv is a coefficient of 

shear plane on the unthreaded portion. fu,bolt is a 

ultimate tensile strength of the bolt. As,bolt is the bolt 

area. γM2 shows the partial safety factor with a 1.25 

value. The smallest value of fu,bolt/fu or 1 is shown by 

αd. The thickness of the connected part is represented 

by t. fu is the ultimate tensile strength of connected 

material.  

 

The connection resistance and reinforcement 

resistance influence the moment resistance of 

composite connections. The connection's moment 

resistance is classified into beam bolt group and 

column bolt group. There are two cases for the 

reinforcement moment resistance where the 

compression and tension value is determined in the 

next step of the calculation. The first case was when 

the compression value was higher than the tension 

value and the second case was when the compression 

value was lower than the tension value.  

 

For the connection stiffness, there are some 

considerations of bolt conditions. The bolt in shear 

condition and the bolt in bearing condition. The 

formulation is shown in Equation 3 and Equation 4.  

    
      

    

      
  (3) 

    
                

 
 (4) 

k11 means the bolt in shear condition and k12 means 

the bolt in bearing condition. nb stands for the number 

of bolts. d is the diameter of the bolt. fub is the 

ultimate strength of the bolt. E is the modulus 

elasticity of the component. dM16 is the diameter of 

M16 bolt. kb is a coefficient that influenced by the 

bolt spacing and bolt diameter. kt is the coefficient 

affected by the component thickness and M16 

diameter.  

 

The equation to calculate the stiffness of the bolt 

group in beam and column components is shown 

below.    

       
    

 

 
 

∑ 
 
 (5) 

 

  
  

 

     
  

 

     
  

 

      
 (6) 

    
 

 

     
   

 

     
 

 

      

 (7) 

Where Es is the modulus elasticity of the steel, z is 

the lever of the arm, and k is the stiffness coefficient 

for the basic joint component.  

There are three rotation that needs to be considered in 

the calculation. The ϕ1 and ϕ2 are for horizontal 

rotation and ϕ3 for vertical rotation. The calculation 

of the rotations is based on Equations (8-10). 

   
    

 

(          )
 (8) 

    
    

          
 (9) 

    
    

             
 (10) 

So for the gusset plate stiffness the calculation was. 

          
  

        
   (11) 

The composite action between concrete and steel had 

an impact on connection stiffness. There is an 

additional stiffness from the reinforcement with the 

following Equation 12.  

          
      

 

∑
 

  

 (12) 

So, the total connection stiffness was a summary 

between the gusset plate and reinforcement stiffness. 

Then, the result is affected by the modification 

stiffness from BS EN 1993-1-8. The modification 

factor was η = 2 (Equation 13 and 14). 

                       (13) 

       
       

 
 (14) 

Sj,conn means a stiffness of the connection between the 

gusset plate (Sj,gp) and reinforcement contribution 

(Sj,reinf). Sj,Rd is the stiffness that occurred in the joint. 

 

4.Results  
The connection's moment resistance calculation is 

explained in Table 2. The calculation shows a beam 

bolt group and column bolt group calculation. The 

calculation is referred to Equation 1 and Equation 2. 

The shear and bearing resistance is governed in Table 

2. The moment resistance of shear and bearing is 

affected by the lever of arm of each bolt group. 

 

After calculating the moment resistance on the 

connection. The moment resistance due to 

reinforcement is calculated too. The calculation is 

explained in Table 3. 
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Table 2 Calculation of moment resistance 

Equation Result Units 

Moment Resistance of Beam Bolt Group 

Shear Resistance  

 

67.49 kN 

Bearing resistance of Cold-Formed Steel   

 

54.37 kN 

Bearing resistance of Gusset Plate   

 

200.16 kN 

Moment Resistance in Beam 

      ∑            

 

23.07 

 

kNm 

Moment Resistance of Column Bolt Group 

Shear Resistance  

 

67.49 kN 

Bearing resistance of Cold-Formed Steel   

 

54.37 kN 

Bearing resistance of Gusset Plate   

 

200.16 kN 

Moment Resistance in Column 

      ∑            

 

 

 

44.63 

 

 

 

kNm 

The moment resistance of connection (Mjg) is the smallest value due to bearing 

failure in the beam bolt hole.   

23.07 kNm 

 

Table 3 Calculation of moment resistance due to reinforcement 

Equation Result Units 

The value of Fc  101.64 kN 

The value of Ft 139.38 kN 

So from the value above, Fc < Ft   

 

17.77 mm 

            8.88 mm 

                    37.74 kN 

                             44.21 kNm 

So, the composite connection moment resistance is   

                     67.28 kNm 

 

Stiffness is calculated for column, beam, and gusset 

plate bolt groups. The results of the stiffness 

calculation reveal how rigid the structural component 

is. Table 4 presents the results of the calculation 

about the stiffness. The number of bolts and the lever 

of arm of each bolt demonstrate that the column part 

has a larger stiffness value than the beam part. There 

is another additional stiffness due to the 

reinforcement. Due to composite action, 

reinforcement has an impact to the connection 
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stiffness. The calculation of the connection stiffness 

is explained in Table 5. In total, the connection 

stiffness was 2928.79 kNm/Rad. 

 

Table 4 Stiffness on column bolt group and beam bolt group 

Equation Result Units 

Stiffness of beam bolt group 

 

0.572  

 

0.364  

 

0.374  

 

1317.77 kNm/Rad 

Stiffness of column bolt group 

 

0.572  

 

0.364  

 

0.374  

 

3623.86 kNm/rad 

Stiffness of gusset plate bolt group 

 

0.000386816 Rad 

 

0.002191959 Rad 

 

0.000407629 Rad 

 
 

11552.35 kNm/Rad 

Stiffness of connection 

 

891.77 kNm/rad 

 

Table 5 Calculation of stiffness due to reinforcement 
Equation Result Units 

  2037.02 kNm/rad 

                       2928.79 kNm/rad 

                 1464.39 kNm/rad 

Table 6 compares moment resistance between the 

current and the latest studies. It shows that the current 

study connection has moment resistance higher than 

the non-composite connection [13, 62]. The 

utilization of bolted connection in this study has a 
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significant influence rather than the screw connection 

[13]. 

 

In depth, the current study compared to previous 

research in Firdaus et al. [7] for specimen IJT-02 

with a parametric method with a similar connection 

configuration but different gusset plate thickness. The 

comparison is shown in Table 7. Based on Table 7. It 

can be seen from here that the connection's moment 

resistance and connection stiffness are almost similar, 

with a ratio of 0.95 for moment resistance and a 

connection stiffness by 0.97. The IJLW has less 

moment resistance and stiffness than the previous 

study's connection. It occurs because it has a different 

gusset plate thickness and without an angle stiffener. 

Another factor was that the type of concrete utilized 

in this study differed from the previous one. 

Therefore, it results in a reduction in the connection's 

moment resistance as well as its stiffness.  

 

Table 6 The moment resistance comparison with another study 

Moment resistance 

kNm 

Composite Non-Composite 

Recent study Firdaus et al. [7] Amsyar et al. [13] Wang et al. [62] 

67.28 70.312 22.94 33.6 

 

Table 7 The comparison between IJLW and IJT-02 [7] 

Moment Resistance 

(Mj,Rd)  

kNm 

Moment resistance 

ratio  

Connection stiffness (Sj,conn) 

kNm/Rad 

Connection stiffness ratio  

IJLW IJT-02 IJLW/IJT-02 IJLW IJT-02 IJLW/IJT-02 

67.28 70.312 0.95 1464.39 1513.2 0.97 

 

5.  Discussion 
The moment resistance of the gusset plate connection 

show from Table 2 is 23.07 kNm due to the bearing 

failure of the beam bolt hole at CFS. The thickness of 

the cold-formed steel and the lever arm in the beam 

section affect the failure mode. Since the beam 

section has a shorter lever of arm than the column 

section does, the beam section has a lower moment 

resistance as a direct consequence of this design 

feature. 

 

The composite action at the connection had an 

additional moment resistance due to reinforcement. 

The reinforcement contributed 44.21 kNm and the 

composite connection was 67.28 kNm. From the 

calculation, it shows that the contribution of the 

reinforcement is significant. 

 

Table 4 shows that gusset plate has a high 

contribution in connection stiffness because it has a 

higher stiffness value than the column and beam bolt 

groups. The column has a higher stiffness due to 

number of bolts with 6 bolts rather than in beam with 

4 bolts. The lever of arm at the column was longer 

than the lever of arm at the beam. In total, the 

stiffness of the connection was 891.77 kNm/rad. 

Then, there is an influence of reinforcement to the 

connection stiffness that show in Table 5. It shows 

that the reinforcement contributes 2037.02 kNm/rad, 

so reinforcement significantly influences the 

connection stiffness. 

 

In Figure 7 there is a comparison of the moment 

rotation graph from recent and previous studies. The 

IJT-02 [7] shows as full strength category and IJLW 

as the partial strength category. Full strength is 

occurred due to the moment resistance value being 

more than the bending moment in bending, following 

BS EN 1993-1-8:2005 part 5.2. Section 5.2.3.3. IJLW 

and IJT-02 [7] had a similar semi-rigid category in 

the stiffness category, according to BS EN 1993-1-

8:2005 part 5.2. Section 5.2.2.5. Figure 7 also shows 

that the rotation of the connection is more than 0.03 

rad. So, the ductile type of connection is presented. 

According to the connection classification found in 

the Eurocode, it can be stated that the suggested 

composite connection is appropriate for use as the 

structural system. 

 

This study is limited to predicted moment resistance, 

stiffness, and failure in the connection. Compared 

with the previous study, the utilization of lightweight 

concrete has a lesser moment resistance and rigidity 

of the connection but still in the semi-rigid and partial 

strength classification. A complete list of 

abbreviations is shown in Appendix I. 
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Figure 7 Moment Rotation between recent study and previous study [7] 

 

6.Conclusion and future work 
From the result and discussion above, the recent 

studies with less thickness gusset plate and 

lightweight concrete as a slab material had almost 

similar behavior in the parametric method to the 

previous study [7]. The ratio between moment 

resistance and stiffness on both studies is close, 0.95 

and 0.97, respectively. The recent studies connection 

has a behavior that the connection was in semi-rigid 

connection and partial strength connection, while the 

previous study [7] shows a semi-rigid connection 

with a full-strength connection category. The 

proposed connection also shows a ductile connection 

behavior. The results show that the composite 

connection with lightweight concrete as the slab 

material is suitable for the lightweight structure 

system.  
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Appendix I 
S. No. Abbreviation  Description 

1 CFS Cold-formed Steel 

2 DLC Double-Lipped Channel 

3 DSM Direct Strength Method 

4 EHS Elliptical Hollow Section 

5 HRS Hot-Rolled Steel 

6 IJLW Isolated Joint Test of Lightweight 

Concrete 

7 NAS North American Specification 

8 UHPC Ultra-high-performance Concrete 
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