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Abstract. The earthquake and tsunami that struck Aceh region on December 2004 caused many 
public buildings submerged by seawater. In long periods, it will promote the premature failure of 
the existing buildings constructed by reinforced concrete structure due to corrosion. Early detection 
of the corrosion is urgent. The corrosion assessment using haft-cell potential mapping has been 
conducted to understand the current status of public buildings after five years tsunami Aceh 2004. 
The results for four existing public buildings in the region show that the corrosion level of steel in 
concrete of the buildings was already at intermediate risk. However, these results show only the 
corrosion risk instead of the actual corrosion of the steel. To improve the corrosion assessment, 
BEM was employed by simulating some factors that might affect the measured potential on the 
concrete surface. Laplace equation is used to model the potential in concrete structure. The steel 
surfaces were represented by using polarization curves. BEM is employed to solve the Laplace 
equation; hence the potential and current density in the whole domain can be obtained. The 
simulation results show that the potential corrosion on concrete surface was significantly affected 
by corrosion of steel, concrete conductivity and concrete cover. Accordingly, by employing BEM, 
more precise corrosion of steel in concrete can be identified from the measured potential on the 
concrete surface. Moreover, further study is needed to apply the proposed method in the field.  
 
Introduction  

Aceh Province is the region whereas susceptible to earthquake because of its position nearby the 
fault between Eurasian plate and Indian-Australian plate. Banda Aceh and Aceh Besar are two 
districts of Aceh Province that stricken by earthquake with magnitude 9.2 Richter scale that 
generated the giant tsunami on December 2004. Many infrastructures such as reinforced concrete 
building were collapsed. However, some of the existing buildings have submerged by seawater.  

The ion chloride in seawater that penetrated into the concrete would lower the concrete alkalinity 
and would destroy the passivity of the steel in concrete. Therefore, the corrosion will initiate on the 
steel [1] and after some periods the corrosion will significantly decrease the strength of concrete.  

Recently, the earthquake with magnitude 5.0 to 7.5 Richter scale are frequently happen in this 
region. Therefore, regular corrosion monitoring of the concrete building in the region is urgent to 
avoid the suddenly collapse of the buildings due to the earthquake. In addition, regular monitoring 
will maintain a long life of the structures and reduce the cost of maintenances [1-2].  

The haft-cell potential mapping has been used extensively for monitoring the corrosion of 
concrete structure [3-6]. However, the results show only the corrosion risk instead of the precise 
corrosion of the steel in the concrete. Accordingly, the corrosion assessment needs to be improved 
for better result by employing numerical analysis such as boundary element method (BEM).  

The purpose of this study is to apply haft-cell potential mapping for monitoring corrosion risk 
level of some existing buildings that stricken by tsunami Aceh 2004. In addition, BEM is employed 
for simulating some factors that might affect the measured potential on the concrete surface for 
improving the assessment results. 
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A Half-Cell Potential Mapping 
The half-cell is a simple device that a piece of metal in a solution of its own ions such as copper in 
copper sulphate and silver in silver chloride. The schematic of half-cell potential mapping for 
measurement the potential in the concrete surface is shown in Fig. 1. 

The half-cell potential measurement gives an indication of the corrosion risk level of the steel. 
ASTM C867 gives a way to interpret half cell potentials measurement data in the field as shown in 
Table 1 [1]. 

 
 
 
 
 
 
 
 
 
 

Corrosion Problem Modeling 

Suppose that the concrete domain (Ω) is surrounded by the surface of the concrete structure (Γ1) 
and the surface of the steels (Γ2a and Γ2c) as shown in Fig. 2, the electrical conductivity (κ) is 
uniform in the whole concrete domain and there is no accumulation or loss of ions in the bulk of the 
concrete domain.  

 
Fig. 2 Boundary conditions for reinforced concrete model. 

 
The potential field in the concrete domain (Ω) can be modeled mathematically by the Laplace's 

equation [7] in Eq.1: 

02 =∇ φ     in  Ω                            (1) 

The density of current across the boundaries, which will be denoted by i, is given by 
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The boundary conditions associated with Eq. 1 are written as: 
 

oii =  on 1Γ                      (3)           
( )if a−=φ     on a2Γ                                     (4)                    
( )ifc−=φ     on c2Γ                                    (5) 

 

where φ is potential at any point, i is current density, and fa(i) and fc(i) are the non-linear functions 
representing the experimentally determined polarization curves for corroded and non-corroded areas 
on the steel in concrete, respectively. 

If the boundary conditions in Eq. 3 to 5 are known, Boundary element method can be used to 
solve the Laplace's equation in Eq. 1. Hence, the potential, φ and current density, i on the whole 
domain can be determined. 

 
Fig. 1 Schematic of half-cell potential 

mapping. 

Table 1. The ASTM C867 Criteria For Corrosion Risk Of 
Reinforced Concrete [1] 

Cu/CuSO4 Ag/AgCl Hydrogen 
Standard Calomel Corrosion Risk 

> -200 
mV 

> -106 
mV 

> +116 
mV 

> -126 
mV 

Low (10% risk of 
corrosion) 

-200 s.d. -
350 mV 

-106 s.d. -
256 mV 

+116 s.d -
34 mV 

-126 s.d. -
276 mV 

Intermediate 
corrosion risk 

< -350 
mV 

< -256 
mV < -34 mV < -276 

mV 
High (<90% risk of 

corrosion) 
< -500 

mV 
< -406 

mV < -184 mV < -426 
mV Severe corrosion 

y 
x 

t 
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Corrosion Risk Assessment of Tsunami Affected Buildings 
Four reinforced concrete buildings that submerged by tsunami Aceh 2004 in Banda Aceh and Aceh 
Besar area were chosen. The location of each building is shown in Fig. 3. For each building, three 
blocks that visually critical were selected for monitoring of the corrosion risk. 

 

 
Fig.3 Corrosion risk assessment locations 

 

 
     (a)   (b) 

Fig. 4 (a) Rebar locator (profometer3); (b) SCRIBE DHC Digital Half Cell Meter 
 

Before the measurement of potential corrosion on the concrete surface, the location of 
reinforcement steels was mapped by using rebar locator (Fig. 4a). The potential corrosion 
measurement points would be located precisely above the reinforcement steels. Then, the potential 
corrosions on those points were measured by using half-cell meter (Fig. 4b).  

 
Building 1: Peukan Bada, Aceh Besar. The assessment of corrosion for tsunami affected 
buildings was started for a civilian reinforced concrete building at Peukan Bada, Aceh Besar. The 
building is shown in Fig. 5a and three critical blocks were selected. 

 

 
Fig. 5 (a) Building 1; (b) Potential corrosion distribution of each block for building 1  

 
The Fig. 5b shows that the potential corrosion distributions were varying approximately between -

100 mV to -350 mV. The critical area in block 1 was located at upper block. The corrosion risk 
level for these parts was intermediate corrosion risk that indicated by the potential corrosion ranged 

Block 1 
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Block 3 
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Building 3
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Block 2 

Block 3 
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between -200 to -350 mV. Moreover, the potential corrosion distribution for block 2 and 3 indicate 
that almost 50% of regions already at intermediate corrosion risk.  

Therefore, from those data, it can be decided that the corrosion of reinforcement steels have took 
place there for all blocks. It needs to take preventive action before the corrosion worsening and 
early failure occurs. 
 
Building 2: Gampong Jawa, Banda Aceh.  The assessment of corrosion for tsunami affected 
buildings continued for Junior High School (SMP) 12 building at Gampong Jawa, Banda Aceh that 
relatively nearby coastal line. The building is shown in Fig. 6a and three critical blocks were 
selected as well. 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6 (a) Building 2; (b) Potential corrosion distribution of each block for building 2  
 
The potential corrosion distribution for each block at SMP 12 is shown in Fig. 6b. The critical 

area in block 1 and 2 were located at the lower block. The corrosion risk level for these parts was 
intermediate corrosion risk (-200 to -350 mV). The potential corrosion distribution for block 3 
indicates that almost all regions already at intermediate corrosion risk. Therefore, the corrosion of 
reinforcement steels might already occur at those areas.  
 
Building 3: Gampong Jeulingke, Banda Aceh. The building 3 is in Gampong Jeulingke, Banda 
Aceh that relatively far from coastal line but also struck by tsunami Aceh 2004. Fig. 7a shows the 
civilian house in Gampong Jeulingke. 
 

 
Fig. 7 (a) Building 3; (b) Potential corrosion distribution of each block for building 3  

 
The potential corrosion distribution for each block of civilian building 3 is shown in Fig. 7b. The 

critical area in all block was located at the lower block. The corrosion risk level for these parts was 
intermediate corrosion risk (-200 to -350 mV).  
 
Building 4: Kajhu, Aceh Besar. The assessment continued for the building stricken by tsunami in 
Kajhu, Aceh Besar. Fig. 8a shows the civilian house in Kajhu. 
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Fig. 8 (a) Building 4; (b) Potential corrosion distribution of each block for building 4  

 
The potential corrosion distribution for each block of building 4 is shown in Fig. 8a. The critical 

area in all block was located at the lower block. The corrosion risk level for these parts was 
intermediate corrosion risk (-200 to -350 mV). It was almost the same as previous results. 
Therefore, preventive action is needed before the corrosion worsening and early failure occurs. 

 
Numerical Simulations 
To study the influence of some factors that have significant effect on the potential value on the 
concrete surface, a model of concrete specimen shown in Fig. 2 was considered. The specimen size 
was 500x100x100 mm. An embedded steel, 16 mm in diameter, was cast in concrete at location of 
y=50 mm. A single corroded area (6 mm in length) was exist on the reinforcing steel and located at 
x=250 mm from the left-end of the concrete specimen. 
 
The influence of corrosion size. To study the effect of corrosion, three different values of the 
corrosion size were chosen, i.e. c (= 6, 10, and 14) cm. The concrete cover (t) was 50 mm.   

Fig. 9 shows the influence of corrosion to the potential corrosion on the concrete surface. It can 
be seen that the peak of potential curve becomes wider for larger corrosion size. This means the size 
of corroded area can be predicted by analyzing the potential curve on the surface of concrete.  

 

 
Fig. 9 The influence of corrosion size to the potential corrosion on the concrete surface 

 
The influence of concrete conductivity. Three different values of the concrete conductivity were 
chosen to study the effect of concrete conductivity i.e. κ (= 0.1, 0.01, and 0.007) 1/Ω.m. The 
concrete cover (t) was still 50 mm.   
 

 
Fig. 10 The influence of concrete conductivity to the potential on the concrete surface 
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Fig. 10 shows the influence of concrete conductivity to the potential corrosion on the concrete 
surface. It shows that the potential corrosion on the concrete surface almost has the same values 
when the conductivity of the concrete is high. The location of corroded area becomes difficult to 
identify from the potential values on the concrete surface for this condition.  
 
The influence of concrete cover. Three different thickness of the concrete cover (t) were 
prescribed to study the effect of concrete cover, i.e. t (= 10, 50, and 90) mm. With increasing the 
concrete cover, the potential corrosion values of active corroding and passive corroding become 
similar. Thus, the location of small corrosion spots gets more difficult with increasing the cover 
depth.  
 

 
Fig. 11 The influence of concrete cover to the potential corrosion on the concrete surface 

 
 

Summary 
The corrosion risk assessment for tsunami affected building was conducted by using haft-cell 
potential mapping. Four public buildings in Banda Aceh and Aceh Besar were chosen for the 
assessment. The results show that the corrosion conditions risk level of reinforcement steel at 
certain part of building was already at intermediate corrosion risk after five years tsunami. 
Therefore, the preventive action is needed to prevent sudden failure of the reinforced concrete 
building due to corrosion attacks. Furthermore, BEM was employed to improve the better 
assessment of steel corrosion in concrete. The results show that the potential corrosion on the 
concrete surface was significantly affected by some factors such as the size of corrosion, concrete 
conductivity and concrete cover. Hence, more precise corrosion of steel in concrete might be 
obtained from the measured potential on the concrete surface by employing BEM. To apply the 
proposed method in the field, further study is needed. 
 
Acknowledgment  

The study is supported by RUSNAS Project: 033/H11.2/INSENTIF-RUSNAS/III/2009. 
 

References  
[1] Broomfield, J. P.: Corrosion of Steel in Concrete - Understanding, Investigation and Repair 

(E & FN Spon, London 1997). 
[2] Anonymous, Cost of Corrosion Study Unveiled, A Supplement to Material Performance, NACE 

Int’l, July (2002), p. 2-5 
[3] Anonymous, Half-Cell Potential Surveys of Reinforced Concrete Structures, Concrete, 

July/August (2000), pp. 43-45. 
[4] Ping Gu and Beaudoin, J.J.: Construction Technology Update, No. 18, (1998)  
[5] Leelalerkiet, V., Kyung, J.W., Ohtsu, M., and Yokota, M.: Construction and Building 

Materials, 18, (2004), p. 155–162 
[6] Ha-Won Song and Velu Saraswathy: Int. J. Electrochem. Sci., 2, (2007), p. 1- 28 
[7] Aoki, S. and Kishimoto, K., in: Topics in Boundary Element Research, edited by Brebbia, C.A., 

Vol. 7, Springer-Verlag, (1990), p. 65-86. 


