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ABSTRACT 

Steel construction joints are critical parts and determine the overall strength of the structure, one of which 

is when subjected to high temperatures. The performance of bolt connections on steel bridges is very 

important to be considered in bridge design. The research results on the performance of the steel beams 

need to be supplemented with the performance testing of the post-fire girder bridge bolt connection. Six 

steel beams with shear-type high strength bolt connection in the middle of the span were tested under 

monotonic vertical point load located at the beam mid-span. Three specimens use proof load in their 

connections (Proof Load Specimens), while the others use a snug tight bolt (Snug Tight Specimens). As 

control specimens, two specimens (SS020 Proof Load and SS020 Snug Tight) were tested structurally 

without combustion. Two specimens (SS700 Proof Load and SS700 Snug Tight) were tested structurally 

after being burned under 700oC. The other two specimens (SS900 Proof Load and SS900 Snug Tight) 

were tested structurally after being burned under 900oC. The experimental results combined with reviewed 

using a scanning electron microscope (SEM) to determine changes in the microstructure due to the 

temperature given to charged objects. The best post-burn connection in the field is bolted connection with 

proof load tightening because it can increase strength up to 11%. Even after being burned, the proof load 

joint still proves the highest performance than the joint without being subjected to initial tensile forces. 
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1. INTRODUCTION 

A fire event has the potential to cause collapse or 

serious damage to steel bridges with reinforced concrete 

floors. In case of minor damage, the effect of fire cannot 

be calculated. In this case, engineers must review 

performance and behavior to decide whether the bridge 

can be re-operated or should be rebuilt [1].  

Publications and research on the resistance of bridge 

structural elements to fire are still very limited. When 

compared with steel building structures, the behavior of 

steel girders on bridges against fire is very different 

from steel beams on buildings related to fire properties, 

structural geometry, and cross-sectional characteristics. 

Therefore the research results from buildings cannot be 

applied directly to bridge girders [2]. Bridge fires have 

occurred in Indonesia, at the Kali Krasak bridge in 

Central Java and the Ampera bridge in Palembang. Kali 

Krasak Bridge collapsed due to a fire accident in a fuel 

oil truck [1]. Many research results on the post-burn 

structure prove that the structure’s performance drops 

significantly under the influence of high temperature. 

One of them is the burn test on the beam model IWF-

250-125-6-9 with a distance of 3 meters, which shows 

that the decrease in the performance of the structure is 

influenced by three factors, namely temperature, load 

during combustion, and combustion time. The test 

results show that the beam model with a center load of 

38kN in the center of the span can withstand 

temperatures of 550°C for 120 minutes without 

significant reduction with a deflection of about 10 mm 

and is much larger than a similar specimen burning at 

the same temperature with a load of 19kN. Burning at a 

target temperature of 900°C for approximately 20 

minutes showed that specimens with a load of 19kN 

experienced a very large deflection with a deflection of 

up to 150 mm, while specimens with a load of 38kN 

collapsed due to lateral flexural [3]. The above results 

are consistent with the test results numerical (Gunadi, 

2016), which proves that at a temperature of 600°C, the 
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beam’s stiffness and flexural capacity has very 

significantly decreased. At this temperature, the 

maximum stress that can be achieved is far below the 

yield stress of the material [4]. Another study is that the 

steel profile bolt joints that are burned and subjected to 

a flexural test with Universal Testing Machine (UTM) 

have been shown to reduce the plate friction force by 

12%, thereby reducing the post-fire friction 

performance [5]. 

Experimental research has been carried out on the 

performance of post-fire steel girder beams. However, 

research on the post-fire performance of steel structure 

joints is still limited. Therefore, research on the 

performance of steel joints is needed to support the 

post-fire structural steel performance results and the 

handling of reinforcement performance. [6] 

1.1. Research Limitations 

To obtain the research results in this paper, the 

method used is experimental testing with combustion 

and flexural tests on the bolt connection specimen 

profile to obtain the load and displacement relationship 

by observing the reduced friction force due to the 

extension of the bolt from post-fire events. Limitation of 

test equipment on high-strength bolts was carried out by 

reviewing changes in size and chemical degradation 

properties using Scanning Electron Microscopic (SEM) 

as reinforcement from the results of experimental tests. 

1.2. Our Contribution 

The purpose of this paper is to obtain an effort to 

prevent a decrease in the performance of post-fire bolt 

connections by reviewing the experimental test results 

and seeing changes in the physical microstructure of 

steel bolts on the IWF test object connection, as for 

what needs to be achieved to determine the magnitude 

of the load transferred from each variable to the joint 

performance, namely the frictional force lost after a fire. 

The benefits of this research are to provide information 

and considerations in installing joints in the field as a 

fire prevention measure in steel bridge connection 

structures and provide information about the frictional 

forces of post-fire joints and provide input for bridge 

elements planning regulations in Indonesia. 

2. BACKGROUND 

Experimental investigations have shown that the 

basic behavior and strength of steel bars are highly 

dependent on the surface temperature of the steel [7]. 

The collapse of steel profiles due to fire at a center 

distance is faster than at the edge of reach [8]. The 

decrease in strength of steel-concrete composite beams 

is influenced by temperature and burning time, whereas 

if the temperature increases, the steel-concrete 

composite beam will experience a decrease in the 

ductility factor which causes the beam’s ability to 

accept loads also becomes weak [9]. Bolts that are given 

a proving load are still in the elastic stress range, so the 

elongation bolts are relatively small. If the initial tensile 

strength exceeds the proof load, the bolt tension that 

occurs is in a plastic condition and is close to 90% of 

the bolt’s tensile strength. Such stressful conditions are 

considered very dangerous [10]. At this temperature, the 

maximum stress that can be achieved is far below the 

yield stress of the material [11].  

Testing the pretension of the A325 type of slip 

critical bolt used variations of pretension 90 Tb, 100 Tb, 

and 110 Tb for torque rotations of 2/3, 3/6, and 4/6 for 

manual pretension tools, respectively. Tensile tests were 

carried out with variations and various locking methods. 

The results showed that the tensile strength values in 

both methods, namely the torque wrench and manual 

(turn of nut) locking methods were the same, and the 

results of the failure behavior were in the shear bolt and 

the plate changes to an oval shape [12]. 

However, there is very limited research on the 

performance of post-fire steel structural joints. 

Therefore, research on the performance of steel 

structure trays needs to be studied to support the results 

of post-fire steel beam performance and alternative 

handling performance. Experimental testing and SEM 

showed the behavior and performance of the friction 

force on the bridge bolt connection post-fire. [6] 

3. RESEARCH METHODS 

The outline of the research includes three types of 

tests, namely the specimen burning test to determine 

changes in steel characteristics, post-combustion steel 

joint structure test to obtain a performance comparison 

at the joint, and the Scanning electron microscopic 

(SEM) test to support experimental results on bolt 

testing which shows a degradation of the elements. The 

steel beam specimens tested consisted of six steel beam 

specimens with shear bolt connections (SS type). The 

research steps to be carried out are as follows: 

1) Burning of two steel beam specimens at a 

temperature of 700oC (SS/700), with one specimen 

with Snug-tight bond and Proof load. 

2) Burning of two specimens of steel beams at a 

temperature of 900oC (SS/900), with one specimen 

with Snug-tight bond and Proof load. 

3) Structural test by UTM on two unburned control 

specimens (SS/020) 

4) Structural test with UTM on four post-combustion 

specimens 

5) Evaluating the decline in the performance of the 

specimen by using the test results on the control 

specimen (SS/020) 

6) Obtaining microstructure visual support data from 

test results using Microscopic Scanning Electron 

(SEM) 

 

Structural tests were carried out on specimens in the 

form of a bridge girder model with a reduced scale (Sub 

scale). The dimensions of the girder specimens are as 

shown in Figure 1 and Table 1. 
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Figure 1 Specimen Illustration 

Table 1. Dimension of IWF Specimen 

H (mm) B (mm) tw (mm) tf (mm) L (mm) 

150 75 5 7 35000 

The type of bolt used is a high-quality bolt type 

specified by ASTM, namely A325 with a bolt diameter 

of 1/2 inch with a bolt length of 5 cm. A325 bolts are 

made of medium carbon steel with yield strengths from 

560 to 630 MPa. In the implementation of fastening 

bolts using the turn-of-nut tightening method. The 

implementation of bolt tightening used the turn-of-nut 

method by using two different bonding variables, 

namely proof load and snug tight. In the proof load 

bond, for providing proof load strength up to 70% of the 

maximum yield strength, it was carried out using a 

torque wrench to measure the strength of the plan. In a 

snug tight bond, a sufficient number of bolts were used 

in a tight fit condition to ensure that all the parts 

connected were in good contact. A snug tight is defined 

as the tightness produced by a shock nut wrench or by 

full human effort using an open-ended spud-wrench. 

The details of the beam specimen connection plans are 

as shown in Figure 2 for each beam specimen with shear 

connection (SS). The connection details are designed to 

withstand the same shear load due to the gravity load on 

the beam. The distance between the axles of the bolts to 

the ends of the plates (S = 30 mm), the distance between 

the bolts (U = 30 mm, U2 = 40 mm). 

30
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e

280mm

140mm

30mm

30mm

40mm

30mm

30mm

40mm

 

Figure 2 Bolt Connection Plan Details 

 

The burn test was carried out at the Science 

Laboratory of the Housing Research and Development 

Center of the Ministry of PUPR, using a burning 

furnace as shown in Figure 3. Burning on all four 

specimens and given a high temperature is shown in 

table 2. 

 

 

Figure 3 Burning Furnace 

 

Table 2. Specimen type and burn 

 
SPECIMEN 

BURN TARGET 

TEMPERA-
TURE (oC) 

DURATION 
(minute) 

SS/020 (Snug-tight) - - 

SS/020 (Proof load) - - 

SS/900 (Snug-tight) 700 120 

SS/900 (Proof load) 700 120 

SS/700 (Snug-tight) 900 120 

SS/700 (Proof load) 900 120 

 

In the flexural test, the object studied was the shear joint 

in the middle of the span. The illustration of monotonic 

loading is shown in Figure 4, with the loading pattern 

on the specimen carried out monotonically based on 

ASTM C293/293 C M-16 with a maximum loading 

capacity of P = 50 tons. The loading test, in this case, is 

8 tons. 

 
Figure 4 Displacement controlled monotonic loading 

scheme (Gunadi et al., 2017) 

 

The loading test is carried out using Universal Testing 

on the Machine shown in Figure 5. 
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Figure 5 Universal Testing Machine (UTM) for Load 

Test 

Scanning Electron Microscopic (SEM) testing 

functions as a supporter of experimental results on bolt 

testing. Things reviewed are in the form of elongation of 

the bolt, diameter of the bolt, and the degradation of the 

steel content in the bolt. SEM was carried out with a 

magnification scale of up to 2000x, aiming to obtain 

sufficient topography on the surface and obtain the 

value of the steel component content with Energy 

Dispersive X-Ray Spectroscopy EDS. The illustration at 

the time of testing is shown in Figure 6. 

 

Figure 6 Scanning Electron Microscope (SEM) 

Instrument 

 

The bolt test object was formed in small pieces such 

as a disc by taking a sample in the center of the A325 

bolt plane to be inserted into the SEM machine, as 

shown in Figure 7. 

 
Figure 7 Illustration of Making and Laying SEM Test 

Objects 

4. RESEARCH AND DISCUSSION 

The test specimens that had been burned were then 

cooled in the furnace for up to 2 days by the slow 

cooling method or by using the room temperature of the 

furnace itself. This method was carried out to avoid 

direct cooling which results in changes in the physical 

properties of the steel material, such as using an 

analytical method that affects the hardness of the steel. 

The following in Figure 8 shows the color change due to 

combustion temperature. 

 

 

Control Specimen, 

steel brown 

Specimens After burned at 700oC, 

reddish-brown 

Specimen After burned at 900oC, 

gray 

 
Figure 8 Universal Testing Machine (UTM) for 

Flexural Test 

After burning and cooling, a flexural test was carried 

out with the results shown in Figure 9.  

 
Figure 9 Load-Deflection Relationship Flexural Test 

Results 

The graph above shows the load-displacement curve of 

the flexural test of each specimen. 

1. The snug-tight bolt bond control specimen 

experienced a deformation point of 187 mm at a 

load of 7.6 Tons. 

2. Control specimens with proof load bonds given an 

initial tensile (proof load) resulted in a critical slip 

on the plate. This resulted in additional 

strength/transfer strength in the performance of the 

IWF profile so that it could withstand loads of up to 

8.3ton with a deflection of 250mm. 
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3. Specimens with snug-tight bonds after being given a 

temperature of 700oC experienced a decrease in 

performance from the load resistance and deflection 

that occurred. Specimens with snug-tight bolts 

experienced a yielding point at a load of 7.09 tons 

with a resulting deflection of 228.5 mm. 

4. Specimens with proof load bonds that were given an 

initial tensile (proof load) which resulted in critical 

shear on the plate after being burned at a 

temperature of 700oC experienced a deflection of 

226 mm with a load of 7.36 tons. 

5. Specimens with snug-tight bonds after being burned 

at a temperature of 900oC experienced a decrease in 

performance from the load resistance and deflection 

that occurred. Specimens with snug-tight bolts 

experienced a yielding point at a load of 6.69 tons 

with a resulting deflection of 223.75 mm. 

6. Specimens with proof load bonds that were given an 

initial tensile (proof load) which resulted in a critical 

shear on the plate after being burned at a 

temperature of 900oC experienced a deflection of 

210.35 mm with a load of 7.06 Tons. The 

performance of the two types of connection, namely 

the SS/900/Snug-tight specimen and the 

SS/900/proof-load specimen, is almost close to the 

load-displacement relationship, and there is a 

reduction in the shear force between the plates due 

to the effect of high temperatures exerted on the 

proof-load bond specimen. 

 

From the recapitulation of the flexural test data in 

Figure 9, it is illustrated that the bolt connection with 

the provision of an initial tensile force (proof-load) has 

a major influence on the performance of the specimen. 

The SS/020/PL specimen as a control proved the best 

peak performance from other specimens. This is due to 

the influence of the frictional force exerted by the bolt’s 

initial tensile force, which results in the critical slip 

between the plates. Then after being burned at a 

temperature of 700oC and up to a temperature of 900oC, 

the performance of the specimen decreased in the 

deformation and load that it could withstand when the 

flexural test was carried out. This is assumed because 

the effect of the friction force due to the initial tensile 

force on the bolt (proof load) is lost when it is burned at 

high temperature with the critical slip condition not 

returning to its original state. The burnt test object is 

shown in Figure 10. 

 

 

Figure 10 Specimens that have been tested for flexural 

 

Then the experimental results were supported by 

using SEM to obtain steel degradation in the bolts that 

were given initial stress (proof load) and given a high 

temperature so that the bolt elongation and bolt diameter 

was reduced. Before conducting the SEM test on the test 

object, first, an observation of the diameter and length 

of the bolt was carried out using a digital caliper with a 

5 mm A325 bolt length and 12.7 mm bolt diameter. 

Bolts on specimens that have been burned at a 

temperature of 900oC, were measured using a digital 

caliper with a bolt length of 5.17 mm and a bolt 

diameter of 11.8 mm. The measurement of the length of 

the A325 bolt with a proof load bond of 900oC is shown 

in Figure 11, and the measurement of the diameter of 

the bolt is shown in Figure 12. 

 

Figure 11 Bolt Elongation Measurements 

 

 

Figure 12 Bolt Diameter Reduction Measurements 

 

The results of SEM with element decomposition 

using Energy Dispersive X-Ray Spectroscopy EDS on a 

snug tight bolt control specimen are shown in Figure 13, 

and on a proof load specimen burned at a temperature of 

900oC is shown in Figure 14, where the components in 

red are elements of steel (Fe), blue are elements of silica 

(Si).  
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Figure 13 Energy Dispersive X-Ray Spectroscopy layer 

2000x magnification on A325 control bolt 

 

 

Figure 14 Energy Dispersive X-Ray Spectroscopy layer 

(EDS layer) 2000x on A325 bolts after being given a 

temperature of 900oC 

Figure 15 shows a graph of the chemical elements 

on the steel surface that have been analyzed by EDS 

showing the ratio of the percentage of degradation. The 

composition of the degradation reduction of steel (Fe) is 

shown in Figure 16. Table 3 shows the SEM results of 

the degradation content of the bolts. 

 

Figure 15 The results of the EDS search for the A325 

bolt after being given a temperature of 900oC 

 

Table 3. The results of the search for steel content from 

SEM on A325 bolts after being given a temperature of 

900oC 

Spectrum 1 

Element Line 
Type 

Weight 
(%) 

Weight 
(%) 

Sigma 

Atomic 
(%) 

O K series 10.70 0.15 29.33 

Fe L series 88.59 0.17 69.56 

Si K series 0.71 0.06 1.12 

Total  100.00  100.00 

 

 

 

The recapitulation of the SEM results of all tested bolts 

is summarized in table 4. 

 

Table 4. Recapitulation of bolt Measurements and SEM 

results 

Bolt 
Specimen 

1 2 3 4 5 6 

Temperature 
(oC) 

020 020 700 700 900 900 

Bolt 
Proof 
load 

Snug 
Tight 
020 

Snug 
Tight 
700 

Proof 
load 
700 

Snug 
Tight 
900 

Proof 
load 
900 

Fe % 97.85 97.95 96.19 95.62 93.39 88.29 

Si % 0.41 0.31 0.58 0.44 0.72 0.81 

Others % 1.74 1.74 3.23 3.94 5.89 10.9 

Total % 100 100 100 100 100 100 

bolt length 
(mm) 

50.0 50.0 50.8 50.2 50.6 51.7 

Bolt 
diameter 
(mm) 

12.7 12.7 12.6 12.5 12.5 11.8 

 

 

Figure 16 Degradation of Fe Content in A325 Bolts 

Garp. 

The surface of the control steel A325 bolt 

microstructure with the composition of the Fe content 

with degradation is close to the ASTM A325-10 

material standard of 97.048%. The A325 bolt test object 

burned to a temperature of 900oC proves that the change 

in the degradation of the Fe element is not significant. 

The A325 bolt test object burned to a temperature of 

900oC proved a significant change in degradation due to 

a critical temperature of 1000K (above 727oC) which 

has reached the austenite phase, which caused the 

condition of the alloy steel composition to become non-

magnetic so that the state of the bolt that was tightened 

in a burnt state stretched and not back to its original 

state after being burned. 

5. CONCLUSION 

1. Strength in specimens using Proof Load pre-

tensioning can increase strength by up to 11% 

compared to fitting tightenings that are not pre-

tensioned. The decrease in performance on 

specimens of bolted connections with post-

combustion Proof Load bonds is still higher than 

specimens with post-combustion fittings. 

2. There is a decrease in capacity to the effect of 

temperature and initial tensile force on the post-

combustion specimen. Proof load specimens after 

being burned at a temperature of 700oC can reduce 

the strength capacity up to 12%, and after being 

burned at a temperature of 900 oC can reduce the 
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strength significantly up to 15%. While the 

specimens without proof load after being given a 

temperature of 700 oC and 900 oC, the performance 

decreased by 5% to 11%. 

3. SEM test proves the difference in the degradation of 

the two types of connection due to the effect of 

treatment on Fe; Si; O; bolt diameter; L bolt of all 

specimens.  The higher the temperature is given to 

the bolt with proof load tightening, the greater the 

degradation of the Fe element so that an extension of 

the bolt occurs due to the initial tensile force applied 

during the fire which results in the stretching of the 

bolt not returning to its original state. 

4. The best connection in the field is bolted connection 

with proof load tightening because it can increase 

strength up to 11%. Even after being burned, the 

proof load joint still proves the highest performance 

than the joint without being subjected to initial 

tensile forces. 
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