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Abstract. Padang City, West Sumatra province is one of the most vulnerable cities in the west coast of 

Indonesia. Together with the increase in population in Padang City, the number of the building is also 

increasing. Meanwhile, researchers predicted that Padang City is facing the impendence of mega-earthquake 

with magnitude more than 8 in scale Richter (SR). The last Earthquake with magnitude 7.6 SR caused fatality 

with more than 1200 people died and almost 3000 others were injured. Most of the victims injured due to the 

collapse and damage of buildings, especially the Reinforced Concrete (RC) structure. To reduce the damage 

due to seismic load as the preparation for the future earthquake, the assessment of the element at risk subjected 

to the seismic load in Padang City is essential. The predominant building typology in Padang City is RC 

building. Using the Applied Element Method that can show structural response till collapse state, has been 

simulated typical low-rise RC infilled wall building in Padang City with the consideration of its different on 

concrete quality based on local concreting workmanship. Incremental Dynamic Analysis (IDA) by using some 

ground motion has been used to observe the structural response. The damage states and damage pattern has 

been judged based on HAZUS criteria.  The results show that local compaction method affected the concrete 

compression quality, that also influences the building performance which is subjected to earthquake loads.  

 

Keywords: Seismic Load, Reinforced Concrete Building, Applied Element Method, Concreting 

Workmanship, Building Assessment, Disaster Reduction. 

 

 

 

1 Introduction 

1.1. The vulnerability of Infill Masonry RC 
Building 

The earthquake damage records in the last decade, show 

that Reinforced Concrete (RC) building with infill 

masonry wall suffered many variations of damage, started 

from slightly damaged till collapse state (e.g., L`Aquila 

2009 (Ricci et al.2010), Lorca 2011 (Cabanas et.al.2011) 

[1][2] 

The vulnerability of RC building is a contribution of the 

uncertainty of concrete execution, high irregularity due to 

the arrangement of a masonry wall, and the brittle 

behavior of brick wall material.  

However, the number of RC building structure keep 

growing due to the locally available material and labor 

skill. Especially in the urban area, the population of RC 

building with infill wall follows the positive trend of its 

population.  

Hence, if the concrete execution is not adequate, a 

massive number of RC building in a populated urban area 

will affect the increasing of the fatality due to earthquake 

hazards. 

Observation of building damages due to 30th September 

2009 in Padang City West Sumatra, shows that the 

performance of RC buildings with infill wall was very 

varied, with damage ranging from minor to total collapse. 

Majority of buildings suffered significant cracking in 

masonry infill, and out of plan failure are often observed. 

The failure due to the development of a plastic hinge at 

the top and bottoms of the column were majorly found [3]. 

 

1.2. Concrete Quality in Indonesia 
Concrete structures are unique compared to structures 

made from other material since its actual quality is 

determined through the execution of the actual 

construction site.  

The observation found some concrete defects in concrete 

structures in Padang City, Indonesia [4][5]. Most defects 

found is honeycombing which is caused by improper 

compaction work and curing of placed concrete. 

Proper compaction ensures the proper shield around the 

reinforcement and tendons and helps to achieve the higher 

ultimate strength, abrasion resistance and improves the 

bond strength between the reinforcement and concrete [6], 

[7].  

Juliafad et al. observed and interviewed 100 builders in 

the study area and found that the concreting workmanship 

conducted by local builders seem to be inadequate. The 

builders mainly used rodding and hammering method to 

compact the concrete. Meanwhile, some percentage of the 

builders answered they do not compact the concrete. 

Some others answered they added more water to increase 

the workability of the placed concrete [8]. 

This finding indicated the poor concreting workmanship 

which can reduce the concrete strength. 
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The facts above motivated this research to conduct an 

assessment of RC buildings in Padang City due to 

earthquake loads based on local concrete compaction 

method 

 

2. Research Objective 
This research is aimed at assessment and analyzes the 

masonry infill RC buildings in the earthquake-prone area, 

Padang City, Indonesia which based on the actual data 

from existing RC buildings. The measurement and detail 

cross section were obtained and used to build a numerical 

model of selected buildings.  

The reduction of concrete strength due to local 

compaction method was addressed as the parameters that 

influence the overall performance of the buildings.  

 

3. Research Methodology 

After conducted a literature review and found the pre-

dominant local compaction method, the compression 

strength of concretes was determined. Each concrete 

strength based on compaction methods was used as the 

input concrete material for the structural model. The 

structural model was developed consdering the actual data 

from existing masonry infill RC Buildings in Padang City. 

After selected strong ground motion records based on its 

magnitude, frequency, and its duration, the Incremental 

Dynamic Analysis (IDA) was conducted by using the 

Applied Element Method (AEM). Damage patterns based 

on HAZUS damage criteria were used to judge the 

damage level of selected buildings. 

Figure 1 shows the research methodology flowchart : 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The flowchart of Research Methodology 

 

4. Effect of Local Compaction Method 
to Concrete Strength 

4.1. The experiment of Local Compaction Method 
on Concrete by using local material. 

As mentioned before, there are three local compaction 

methods conducted by local builders in Padang City, by 

using a vibrator, rodding and hummer [8]. 

Each compaction methods were applied to fresh concrete 

mix contained available local materials e,g — aggregates 

and cement. Concrete mix design was based on the 

recommendation from Public Work Department of 

Indonesia which is one portion of cement, two portions of 

fine aggregate, three portions of coarse aggregate. The 

water-cement ratio is 0.5 (50%) of the cement portion. 

The mix design method uses the volume based method. 

Figure 2 shows the experimental of each compaction 

method.  

 
Standard 

compaction 

Stick/rodding hummer 

(a) (b)  (c) 

(d) (e) (f) 

 

Figure 2. The experiment of Local Compaction Method 

on Concrete Cube 

 

Figure 2.a shows the compaction method uses standard 

compaction method to simulate the vibration method. 

Considering the size of vibrator needle which might over-

compacted the placed concrete on the cube, the vibrator 

method is simulated by compacting concrete as standard 

compaction in Indonesia Building Code for Concrete mix. 

This compaction was conducted with the assumption that 

the concrete does not suffer over-compaction and 

correctly vibrate.  

Figure 2.b.and c shows the compaction method uses 

rodding and hummer. 10 cube molds were rodded, and 

other 10 molds were hitting using hummer for 15 times. 

The frequency of compaction was based on the 

information from the builders [8]. 

 

4.2. Concrete Strength based on Compaction 
Method 

Figure 2.e, 2.f, and 2.g show the visual of concrete cube 

based on standard compaction, rodding compaction and 

hummer compaction method consequently. The figures 

show the difference in the appearance of the hardened 

concrete cube. The concrete with standard method shows 

Literature Review 

Experiment on Concrete Compression 

Strength based on local compaction method 

Method 

To obtain the concrete strength for each 

compaction method 

Investigation on existing low-rise RC 

Buildings 

Building model and ground motion 

selection 

Incremental Dynamic Analysis  

by using Applied Element Method  

Judgement of damage level based on 

damage patterns  and calculate damage 

ratio 
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a good appearance and minimum porosity. The concrete 

with rodding compaction shows honeycombing effects, 

and the last one figure 2.f, with hummer compaction, 

shows very significant porosity or honeycombing effects 

To get the strength of each concrete cube, we conducted a 

compression test based on Indonesia National Standard 

for Concrete Compression test. 

Figure 3 shows the results of the average value if the 

concrete compression test which is affected by a local 

concrete compaction method. 

Concrete cube with standard compaction which represents 

the vibrator method show the highest strength; 18.76 MPa, 

while the concrete strength with rodding method (using a 

stick) is reduced by 14 %. The lowest strength is obtained 

if we use hummer for compaction method. The use of 

hummer to compact the placed concrete decreased the 

concrete strength to 30% fc` using standard compaction.  

 

 
Figure 3. Effect of Local Compaction Methods 

to Concrete Strength 

 

The reduction of concrete strength probably due to the 

increase of porosity of concrete (see Figure 2.d, 2e, and 

2f). The effects of improper compaction on the strength 

and porosity of concrete were studied by Suleiman and 

Kevern (2003) as shown in Figure 4[17]. 

 
Figure 4: Effects of compaction [11] 

The results in Figure 3 for rodding compaction method 

shows the same affect with research conducted by Tuncan 

[9] as can be seen in Figure 5. However, this research can 

show one local compaction method that might be yet 

demonstrated by previous researchers, which is using 

hummer as external compaction.  

 

 
Figure 5: Effect of improper compaction on concrete 

strength [9] 

 

5. Incremental Dynamic Analysis 
Incremental Dynamic Analysis (IDA) is a method to 

perform a series of nonlinear dynamic analysis of a 

structural model for multiple records by scaling each 

record to several levels of intensity that are selected to 

uncover the full range of model behavior ; from elastic to 

yielding and nonlinear elastic, finally leading to global 

dynamic stability (Dimitros Vamvatsikos,2005) [10][11] 

Each analysis can be characterized by at least two 

parameters, an Intensity Measure (IM) and a Damage 

Parameter (DM). In this study, the IM is presented by 

Peak Ground Acceleration, and DM use damage patterns 

and damage level. 

 

6. Applied Element Method 
Applied Element Method (AEM) is a developed method 

of structural analysis which can follow the structural 

behavior of a structural model from elastic range, crack 

initiation and propagation, separation of structural 

elements till total collapse in reasonable CPU time with 

reliable accuracy [12][13].  

 
Figure 6. Distribution of springs and area of influence of 

each pair of springs in AEM 
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Figure 7. Element Shape, contact point  

and degrees of freedom 

 

The two elements shown in Fig.6 are assumed to be 

connected by pairs of normal and shear springs located at 

contact points which are distributed around the element 

edges.  Each pair of springs represents the stresses and 

deformations of a specific area of the studied elements. 
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Spring of each element is defined in Eq.1 where d is the 

springs distance, T is the thickness of the element, and "a" 

representative area`s length,  E, and G are the Young’s 

and shear modulus of the material, respectively.  The 

previous equation indicates that each spring represents the 

stiffness of an area (d*T) with length "a" of the studied 

material.  In the case of reinforcement, this area is 

replaced by that of the reinforcement bar. 

The global stiffness matrix KG for load and displacement 

control is mentioned in eq.2, and the applied load can be 

calculated by using equation 3. 

For further explanation are provided in  Tagel and Meguro 

[12], [13]. 

 

7. Investigation of Existing RC 
Buildings  

Actual investigation of existing RC buildings with 

masonry wall was conducted in Padang City, Indonesia in 

December 2017. The target building is the low storey 

building with 1 or 2 stories. This type of building is the 

predominant RC building in Padang City [5]. 

This investigation involved the main parameters that 

necessary to build the structural model of target buildings.  

Table 2 shows the obtained parameters and the tools that 

were used in this building investigation. 

 

 

 

 

Table 1. Measured Parameters of Existing RC Buildings 

Investigation 
No Parameters Sub-parameter Tools 

1 Dimension Building layout; 

vertical and 
horizontal 

Laser 

measurement  

Structural Element; 

column, beam, 

opening,  wall  

Laser 

measurement 

or 

measurement 

tape 

2 Element 

Cross 
Section 

The dimension of 

column, beam, and 
slab 

Measurement 

tape 

Concrete Cover Rebar Locator 

Main reinforcemnet 

arrangement 

Rebar Locator 

Stirrups space Rebar Locator 

Diameter of 

reinforcement 

Calliper 

3 Additional 

Confineme

nt 

Wall confinement 

existence especially 

above the wide 
opening 

Rebar Locator 

 

The figure shows some activities that were explained in 

the table above. 

 

  
Figure 8.  Building Height 

Measurement 

Figure 9.  Building Layout 

Measurement 

 

Figure 8 and 9 show the measurement of building height 

using laser measurement and the horizontal layout by 

measuring the distance between column by using tape 

measurement.  

To identify the cross-section of the structural element, we 

measured column dimension and reinforcement position 

and its range both main reinforcement and stirrups. Rebar 

locator was used in this study. To measure the actual 

diameter of the steel bars, we found some part of the 

column and beam that are not plastered. Figure 10 and 11. 

show the cross section investigation and steel diameter 

measurement. 

 

     
Figure 10. Rebar Scanning Proces 
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Figure 11. Steel Diameter Measurement 

 

8. Selected Buildings Types and 
Ground Motions 

8.1.Geometry and Material  
From a database of investigation of existing RC buildings 

in Padang City, some buildings were selected.  

Figure 12 show one of the selected RC Buildings and its 

parameter. 

 

 
 

Figure 12. A sample of the 3D model of  

Selected RC Building 

 
Figure 13. 8 nodes element for opening frame 

 
Cross Section Column Beam Slab 

Dimension (mm) 330x330 330x300 140 

Longitudinal Steel 4P12 ;2P12 3P12 ;2P12 P10-100 

Stirrups P8-100 P8-100  

Actual diameters (mm) 11.83 11.52 10.48 

fc`[MPa] 17 17 17 

fy[kg/mm2] 33.62 33.62 47.55 

fu/fy 1.24 1.24 0.68 

 

A numerical model was developed using AEM, and each 

material data was assigned. However, since the rebar 

location at joint corner is difficult to be scanned, in this 

model, the reinforcement in the joint corner was assumed 

to meet the building code.  

 

8.2. Earthquake Loading 
The numerical models were subjected to real ground 

motion record. In this study, we selected El-Centro and 

Kobe earthquake, due to its magnitude, duration, and the 

recorded building damage [14] 

Each ground motion was scaled to lower intensity and to 

higher intensity to observe building performance step by 

step. Figure 14 and 15.  show Elcentro and Kobe ground 

motion records. 

 

 
 

Figure 14. Peak Ground Acceleration  

of Elcentro Earthquake 

 

 
Figure 15. Peak Ground Acceleration 

 of Kobe Earthquake 

 

9. Results of Numerical Simulation of 
Low-Rise Infill Masonry Building in 
Padang City   

 

Figure 16-18 shows that damage patterns of the selected 

RC Buildings model for each scaled elcentro ground 

motion started from 0.1g, 0.2g, 0,3g, and 0,4g, till 

collapse. The judgment for damage level used HAZUS 

damage criteria [15]. 

 

 
Figure 16. Damage Patterns of RC building no.62 for 

target ground motion increments 

 

Figure 16 shows the damage patterns and collapse 

behavior of typical 2 storey buildings which commonly 

find in Padang City. This type of building usually uses as 
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hybrid buildings, where the 1st storey is used for shop, 

and the 2nd storey might be used for residential, or office.  

As we can see from the collapse behavior, the soft storey 

effect caused the collapse of the building. This behavior 

also found in many buildings in the last September 2009 

Earthquake. 

 

 
Figure 17. Damage Patterns of RC Building Type no 62 

which subjected to Kobe DM increments 

 

Figure 17 shows the damage patterns of the same type of 

buildings as shown in Fig.18. However, the lower 

magnitude and shorter duration of the Kobe earthquake 

gave the opportunity for the building to stand longer. 

However, the same damage patterns as the Elcentro 

earthquake can be seen, such as out of plan damage at 

infill wall and soft storey effects.  

Figure 18 shows another type of RC building. The 

characteristic of this model is its overhang in front of the 

building. Compare to the previous model; the overhang 

structure caused the earlier severe or extensive damage to 

the building. 

 
Figure 18. Damage Patterns of RC Building Type 58 

subjected to Elcentro DM  

 

The comparison of building behavior which is affected by 

the strength of the concrete is shown in Table 2. As 

aforementioned, the reduction is assumed based on the 

local compaction method influence on the concrete 

strength. In Table 2, we can see, overall, the collapsed 

state of the structure is influenced by the concrete strength 

level, notably when the strong earthquake subjected to the 

building, e.g., Elcentro earthquake.  

If we relate the differences of building damage level for 

each concrete strength to the compaction method, the 

practice to use hummer for external vibration only that 

can be found as a common practice in the construction 

field especially low story building will reduce the RC 

building capacity to resist earthquake load significantly. 

 

Table 2. Comparison of Selected RC Building Type 

damage level based on concrete compression strength 

based on reduction due to compaction method 

fc` 
[MPa] 

Ground 
Motion  Damage Level 

17 Elcentro N S E E C C C C C 

11.3 Elcentro S E E E C C C C C 

5 Elcentro S M C C C C C C C 

17 Kobe N S M M E E E E C 

11.3 Kobe S M E E E E E E C 
N: No Damage 

S: Slight damage 

M: Moderate Damage 

E: Extensive Damage 

C: Collapse 

 

After calculating the actual damage probability for each 

building with different concrete strength, the probability 

of damage and collapse due to local compaction practice 

is presented in table 3 and 4 below.The yellow color 

shows the boundaries of excedeed damage level (None, 

Slight, Moderate, Extensive, Collapse)  for each 

earthquake intensity (0.05, 0.1, till 1.2g)  

The effect of hummer compaction practice clearly 

influences the damage probability for each damage level. 

For example, the building with hummer compaction 

practice (see Table 4),  reaches collapse level at 0.8g 

which is  faster than the standard compaction method 

which reached collapse level at 1.1g (see Table 3).s 

 

Table 3. Comparison of Selected RC Building Type 

damage probability based on standard compaction method 

 
 

Table 4. Comparison of Selected RC Building Type 

damage probability based on hummer compaction method 

 

10. Conclusion 

This research finds that local compaction method practice 

in Indonesia generally can be categorized into three 

methods: using a vibrator, rodding and hammering. Based 

on the simple experiment to simulate the compaction 

practice in the field, we can find that the rodding method 

standard

Damage Level0.05 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.10 1.20

None 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Slight 0.67 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Moderate 0.33 0.67 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Extensive 0.00 0.00 0.67 0.67 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Collapse 0.00 0.00 0.00 0.00 0.17 0.17 0.17 0.17 0.67 0.83 0.83 1.00 1.00

Damage Probability for each PGA level

hummer

Damage Level0.05 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.10 1.20

None 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Slight 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Moderate 0.67 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Extensive 0.00 0.67 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Collapse 0.00 0.00 0.17 0.17 0.50 0.67 0.83 0.83 1.00 1.00 1.00 1.00 1.00

Damage Probability for each PGA level
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does not reduce the concrete compression strength 

significantly. However, the hummer method does.  

To understand the actual behavior of the existing typical 

RC building in the seismic prone area such as Padang 

City, field study to get the real parameter of RC building 

was conducted. The IDA and AEM method was used to 

analyze the selected building, which is possible to observe 

the building damage step by step by scaling up or scaling 

down the real ground motion records.  

The AEM also clearly can follow the behavior of building 

a model from elastic to collapse state, which gives 

advantages to judge damage level precisely.  

This research shows that the significant reduction of the 

concrete strength will affect the damage level of RC 

building. If we relate to the compaction method, the 

practice of using hummer to vibrate the placed concrete 

should be controlled by the related institution and 

stakeholder. Avoiding the number of fatality due to 

collapsed buildings is essential.  

However, the number of sample of concrete and building 

both are needed to be improved. The significant number 

of building model and analysis will give a more precise 

prediction of the behavior of the building when subjected 

to a seismic load.  

It is also important to be noted that the reinforcement at 

the joint corner is assumed to meet the building standard, 

which results in the building performance is better than 

the actual ones. So, it is necessary to analyze by modeling 

the weak joint corner in the future. 
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