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Abstract.The experiment are exucuted by  using the Spring Loaded Fixture type in 

accordance with ASTM G49 and E 292 for the experimental method and specimen 

geometry each. Initiation of SCC failure begins with pitting corrosion and thinning 

attacks to date stress reaches the highest strength Furthermore, in this case. This  
experiment  is  aimed  to  investigate  characteristics of SCC Austenitic stainless steel 

AISI 304, AISI 316, and 316L in Glycerol solution with four variations of chloride 

concentration, namely 50, 6,000, 9,000, and 12,000 ppm, two types of initial tensile 

stress, namely50 % and 70% Yield Strength from each material test, and 150Cconstant 
temperature. Failure occurs in catastrophic and brittle (trans granular) fractures. AISI 304 

is more vulnerable to all experimental conditions. All material tests did not fail for 

50ppm chloride concentration up to 556 hours of exposure time. The more concentration 

and chloride concentration is given, the crack speed becomes higher by shortening the 
failure time. 
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1 Introduction 

 
Corrosion is derived from Latin corrodore which means "gnawing" that is degradation of 

material due to chemical reaction between material and its environment. Karat is part of 

corrosion which only happened to iron metal (Fe) which react with environment, like water 

and outside air. 

Discussion of corrosion involves various disciplines, such as physics, chemistry, 

metallurgy, electrochemistry and material engineering. The nature and shape of corrosion is 

always associated with all or part of the discipline . The process of corrosion in a material is 

unavoidable, in which we can only reduce or slow down the process. The technical approach 

taken in assessing corrosion properties has helped researchers to reveal in detail the 

characteristics and properties of corrosion, so that it has found some technologies and systems 

in controlling corrosion and the side effects it causes. This has been able to reduce the loss in 

humans. Metallurgical engineering by researchers has found a variety of material variations 

that are "immune" to certain corrosion in accordance with its usefulness, so that directly has 

contributed greatly to the industry. One form of corrosion of some form of corrosion in 

question is the Stress Corrosion Cracking (Cracking) which is abbreviated as "SCC". SCC is a 
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specific corrosion and one of the causes of material damage that is classified as dominant in a 

material structure, so experts have categorized SCC failure into a cause of failure calculated in 

designing a construction . 

Although intensive SCC research has long been done, but the results obtained to date only 

come to the stage of understanding of the process of the form of corrosion, while the control 

efforts undertaken still not give maximum results.The use of Austro-stainless Steels used in 

the construction of Glycerol distillation tanks and their piping is one of the cases observed. 

The failure occurring in this vessel for a period of time is an SCC failure. Most of the failures 

that occur in the welded connection area that has the largest residual stress due to the 

manufacturing process, such as bending and welding process. The SCC study mostly used the 

precracked specimen method to determine the crack growth rate against KISCC stress 

intensity , the elastic strain specimen using various test specimens, such as C-ring, 

doublebeam, O-ring  to determine the correlation of failure time to the given strain, and plastic 

strain specimen, such as U-bend  to determine the effect of plastic strain on failure time. The 

three methods each have advantages and disadvantages. Testing by method.precracked is done 

by considering the disability of the specimen, the elastic strain of the specimen will result in a 

decrease in stress, and the specimen strain platter is limited to test specimen that has 

undergone plastic deformation. 

Testing with constant load method in assessing SCC problem needs to be done to find the 

failure characteristics due to the effect of voltage change on failure time, crack speed, and 

crack length. (constant load) in assessing the SCC problem needs to be done to find the failure 

characteristics due to the effect of voltage changes on failure time, crack speed, and crack 

length. Testing by this method will yield results appropriate to the conditions as the case 

examples mentioned above. Testing with constant load method further encourages continuous 

crack growth until the specimen fails and the failure occurs in complete (complete) relative to 

testing with elastic and plastic strain. 

 

2   Research Methodology 

 
SCC testing can basically use various forms of test specimens and is highly dependent on 

the purpose of testing to be achieved. The purpose of this study has been described in 1.3 

above, so that the form of constant tensile load testing is deemed appropriate to obtain the 

graph of the test results in question. ASTM G 49.explains that the uni-axial voltage method for 

SCC testing gives results that are in accordance with SCC properties, and notched specimens 

of tensile test specimens can be used as standard materials for SCC testing. 

The dimensions and geometry of the specimens as shown in Figure 1 are based on ASTM 

E 292 (Time for Rapture Notch Tension Test). To obtain the voltage concentration, then the 

specimen is given a notch. The material of the test object used has specifications as contained 

in Table 1 and Table 2. The table shows the mechanical properties obtained based on tensile 

testing performed and the chemical composition obtained from the Inspection Certificate 

issued by the TÜV Material Certification Agency. 
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Fig. 1: Geometry of Test Material according to ASTM E 29 

 

 
Table 1: Mechanical Properties of Test Tests Using ASTM E-8 Tensile Test 

 

 
Table 2: Chemical Composition Test Objects 

Material Type 

 

σs 

Mpa 

Ys (0.02%) 

Mpa 
El.  (%) 

AISI 304 674 442 55 

AISI 316 596 299 50 

AISI 316L 632 316 49.3 

 

 

Fig. 2: Test objects used according to ASTM E 292 

 



 

 

 

 

2.1 Arrangement and Setup of Test Equipment 

 

The design of the equipment for testing is based on the research objectives, the parameters 

measured and the accuracy of the test results that can be justified. Although some alternative 

test equipments may be used to provide a constant load according to the type of loading in this 

test, but some of the advantages of the equipment used in this test are relatively simpler, easier 

to make measurements and more easily controlled. 
Constant stable and controlled constant loading will provide an increase in stress due to 

the decrease in cross-sectional area and due to the growth of cracks occurring in the notch area 

so that the ligaments will shrink. The crack propagation in this area is then measured at a 

certain time duration and can be performed more easily and constant load control will 

continue to be performed in accordance with the spring extension that occurs. 
 

Table 3: Spring Kalibration Result Press ( Style Used ) 

Load Testing Start Lenght Deflection Long end Test 

P Lo Ys Ls Material 

Kgf mm mm mm 

 
433 130 14,5 115,5 AISI 304 

606 130 19,8 110,2 AISI 304 

292 130 8,6 121,4 AISI 316 

410 130 13,7 116,3 AISI 316 

310 130 10,3 119,7 AISI316L 

433 130 14,5 115,5 AISI316L 

 

 
Table 4 : Testing Conditions Phase I,II,IIIdan IV. 

Environment Materials, Spring Loading and Deflection Press 

7.000 ml Glycerol + 

50 ppm Chloride 

with temperatue 
150 oC 

AISI 304 

Ys= 442 MPa 

AISI316 

Ys= 299 MPa 

AISI316L 

Ys= 316  MPa 

50 % Ys 70% Ys 50 % Ys 70% Ys 50% Ys 70% Ys 

433 

Kgfand   

14,5 mm 

606 

Kgfand 

19,8 mm 

293 

Kgfand 

 8,6 mm 

410 

Kgfand 

13,7 mm 

310 

Kgfand 

10,3 mm 

433 

Kgfand 

14,5 mm 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.3. The correlation curve between the Exposure time and the crack length of SCC AISI 

304 (specimens No. 3, 5, and 7) in different environments with an initial voltage of 0.5 σYs. 

 

 

Fig. 4. Correlation curve between Exposure time and SCC crack length at 0.5 σYs (Test 

object No. 3) and 6000 ppm chloride concentration with different material 

 

 



 

 

 

 

Fig. 5. Correlation curve between Total Crack Length and Progresip Crack Speed SCC 
AISI 316L (Test Items No. 26 and 28) in different environments with initial stresses 0.7 

σYs. 

 

Fig. 6. Correlation curve between Total Crack Length and Progresip Crack Speed with 

chloride concentration 12000 ppm at 0.7 σYs (specimens No.8, 18 and 28) with different 

materials 

 

 

Fig. 7.The correlation curve between the Exposure time and the SCC AISI 304 Crack 

Length at 6000 ppm (Test Items No. 3 and 4) with different voltages. 

 



 

 

 

 

 

 
Fig. 8. Correlation curve between Total Crack Length and Progresip SCC AISI 316L Crack 

Speed at 12000 ppm environment (Test objects No. 27 and 28) with different initial stresses 

 

 

The measurement of the corrosion rate by using the dye testing method is the basic 

calculation of commonly used corrosion. The calculation of corrosion rate is based on the 

ameasurement of weight loss of the specimen at acertin exposure time. Table 7- 9 shows the 

corrosion rate on all SCC test objects. The corrosion rate obtained in the three tables gives a 

clear picture of the effect of the environment (Glycerol + Chloride) on certain conditions on 

the occurrence of SCC on AISI 304, AISI 316, and AISI 316L materials. 

 
Table 5: Corrosion Rate on AISI 304 

Number 

Test 

object 

 

Concentration 

Chloride 

(ppm) 

Voltage 

(% σys) 
LongDyeing(hour

) 

LoseWeight 

(mg) 

Corrosion rate 

 

 

mm/year MPY 

11 50 0,5 556 1,145 6,76E-04 0,026 

12 50 0,7 556 2,002 1,18E-03 0,046 

13 6000 0,5 556 3,858 2,28E-03 0,089 

14 6000 0,7 484 4,903 3,33E-02 0,131 

15 9000 0,5 296 17,146 1,90E-02 0,750 

16 9000 0,7 224 11,855 1,74E-02 0,683 

17 12000 0,5 196 35,388 5,92E-02 2,330 

18 12000 0,7 151 30,069 6,54E-02 2,570 

 

 

 

 

 

 

 



 

 

 

 

 
Table 6: Corrosion Rate on AISI 316 

Number 

Test 

object 

 

Concentration 

Chloride(ppm) 

Voltage 

(% σys) 

LongDyeing 

(hour) 

LoseWeight 

(mg) 

Corrosion rate 

 

 

mm/year MPY 

21 50 0,5 556 1,242 7,33E-04 0,0289 

22 50 0,7 556 1,176 6,94E-04 0,0273 

23 6000 0,5 556 3,613 2,13E-03 0,084 

24 6000 0,7 556 3,190 1,88E-03 0,074 

25 9000 0,5 556 15,465 9,13E-03 0,361 

26 9000 0,7 363 15,671 1,42E-02 0,558 

27 12000 0,5 320 13,267 1,36E-02 0,536 

28 12000 0,7 268 18,331 2,25E-02 0,885 

 

 
Table 7: Corrosion Rate on AISI 316L 

Number 

Test 

object 

 

Concentration 

Chloride(ppm) 

Voltage(
% σys) 

LongDyein

g (hour) 
LoseWeight(mg) 

Corrosion rate 

 

mm/yea

r 

MPY 

21 50 0,5 556 1,242 7,33E-04 0,0289 

22 50 0,7 556 1,176 6,94E-04 0,0273 

23 6000 0,5 556 3,613 2,13E-03 0,084 

24 6000 0,7 556 3,190 1,88E-03 0,074 

25 9000 0,5 556 15,465 9,13E-03 0,361 

26 9000 0,7 363 15,671 1,42E-02 0,558 

27 12000 0,5 320 13,267 1,36E-02 0,536 

28 12000 0,7 268 18,331 2,25E-02 0,885 

 

According to, the corrosion rate is said to be critical to a material when the MPY value is 

≥50 (≥ 1 mm / year). The corrosion rate value obtained in the above Table does not reach the 

critical value but the material fails. This shows that the effect of stress has a dominant 

influence on SCC corrosion failure on a material. 

The corrosion rate occurring as shown in Table 7 - 9 above also proves that a higher AISI 

304 vulnerability level under these test conditions. The difference in average corrosion rates of 

AISI 304 to AISI 316 and 316L are 75% and 92% faster respectively. This proves the 

resilience of AISI 316L and 316 against higher pitting attacks.According to  this proves that 

the presence of Mo strains owned by AISI 316 and 316L increases the resistance of stainless 

steel austenite to corrosion attack.  

The corrosion resistance of AISI 316L is also driven by low C content (0.025%), while 

AISI 316 has a C content similar to AISI 304 (0.08%) but Mo content owned by AISI 316 

makes this material relatively better resistant to corrosion attack. 

 



 

 

 

 

5  Conclusions  

The results of this study provide the following conclusions: 

a)  SCC testing with 50 ppm chloride concentration conditions indicated that AISI 304, 316, 

and 316L did not fail with exposure time of 556 hours to a voltage of 0.7 σys. 

b)  SCC test with 6000 ppm test condition gives result: 

-  AISI 304 material fails on both types of loading. 

-  AISI 316 material fails only for 0.7 σysvoltage .. 

-  AISI 316L does not fail for both types of loading. 

c)  SCC test with 9000 ppm test condition gives result: 

-  AISI 304 material fails on both types of loading. 

-  AISI 316 material fails on both types of loading. 

-  AISI 316L fails only for 0.7 σys voltage. 

d)  SCC testing with 12000 ppm test conditions gives the result that the three types of 

materials fail. 

e)  Figure 3 - 4curve shows that at higher concentration of chloride will result in the material 

of the test having shorter failure time, crack speed and faster corrosion rate and wider 

crack opening. 

f)  Figure 5 - 6 curve shows that the AISI 316L Failure time material is relatively longer 

compared toAISI 304 and AISI 316L, and AISI 304 has shorter failure time. AISI 316L 

crack speed material is slower compared to AISI 304 and AISI 316, and AISI 304 has 

faster crack speed. The average corrosion rate comparison of AISI 304 to AISI 316 and 

316L were 75% and 92% faster respectively. This proves the resilience of AISI 316L and 

AISI 316 against better pitting attacks. AISI 304 has a shorter average failure time, ie 

AISI 304 failure time against AISI 316 and 316L are 51.44% and 137.51%, respectively, 

while AISI 316 against AISI 316L is 67.37%. 

g)  Figure 7 - 8 curve shows that the test material tested at 0.7 σys initial voltage has shorter 

failure time and faster crack speed. 

h)  SCC crack model that occurs in the test material is on the grain (transgranular) with 

brittle fracture fracture. 

6  Suggestion 

 
SCC failure is strongly influenced by stress, environment, and material structure where 

the combination of these three factors are synergized, leading to SCC failure. Based on the 

results of this study and to avoid the occurrence of failures on similar materials in use, the 

following points need to be considered: 

a)  Perform actual load calculations on a construction or components made of stainless steel 

austenite to obtain the amount of voltage that occurs. 

b)  In the condition of Glycerol solution containing concentration of 50 ppm chloride, a 

voltage of 0.5 σys, 150 0C AISI 304 material temperature may be used, but if the voltage 

of 0.7 σys should use AISI 316.SCC failure is strongly influenced by stress, 

environment, and material structure where the combination of these three factors are 

synergized, leading to SCC failure. Based on the results of this study and to avoid the 



 

 

 

 

occurrence of failures on similar materials in use, the following points need to be 

considered: 

a)  Perform actual load calculations on a construction or components made of stainless 

steel austenite to obtain the amount of voltage that occurs. 

b) In the condition of Glycerol solution containing concentration of 50 ppm chloride, a 

voltage of 0.5 σys, 150 0C AISI 304 material temperature may be used, but if the 

voltage of 0.7 σys should use AISI 316. 

c)  At the condition of Glycerol solution containing the maximum concentration of 

6000 ppm chloride, a voltage of 0.5 σys, 150 oC of material temperature, AISI 304 

can not be used and preferably using AISI 316. But at 0.7σys voltage it is better to 

use AISI 316L where this material can be dug up to a chloride concentration of 

9000 ppm and a maximum voltage of 0.5 σys. 

d)  To get the SCC threshold value need to do further research by using variations of 

temperature and voltage for this material, so it will be more useful especially for the 

industry. 

e).  To obtain more precise measurement results, the test equipment used is 

necessarydeveloped, for example by using a strain gauge or other precision 

measuring instrument for get stretches strained during the test. The value of strain 

obtained then will get the amount of voltage changes that occur at any time. 
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