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Abstract. In principle, the main construction of the non-engineered building in Indonesia is the wooden 

structure. It can be seen from traditional houses in Indonesia. However, In the last two centuries, the use of 

brick masonry as wall component has been becoming the primary material. Another side, some places in 

Indonesia are the seismic areas and earthquake-prone areas. Learning from the earthquake that has 

happened in the last ten years, the building that used clay brick for masonry wall mostly suffered damage 
and destruction when subjected to a relatively high intensity of the earthquake. This paper used data from 

several places and some references. There have significant differences in the mechanical properties of the 

bricks. Generally, Indonesian bricks masonry have limited capability and substantial differences in the 

mechanical properties when compared to another country bricks. By the considering, the Indonesian bricks 
masonry that has low mechanical properties, so that it is proposed to use brick masonry to non-seismic only. 

It should be considered to use clay brick as the main component of the wall for a particular region in 

Indonesia. Next, the zoning of allowed masonry structure in Indonesia is proposed. 
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1 Introduction  

The brick masonry structure has become a favorite 

choice for society building in developing countries, 

notably in Indonesia as a base material for build the 

society buildings. Here, the resource of the main 

elements for the brick is straightforward to obtain, so it 

has become a source of small industries that grow like 

the mushroom in every region. In Another side, the 

emergence of trend uses of the brick masonry into a 

prestige for the community. It would be a pride to have a 

house that is mostly using the material from a brick and 

is called a permanent home. Likewise, the brick masonry 

wall is low price and influenced the Europa style. The 

house of in Indonesian people is from wood. It was seen 

from the existence of traditional houses from across the 

archipelago, and all the houses are from wood. The 

general Indonesia people had known that buildings made 

from wood are resisted to the effect of seismic loading. 

In fact, in every region of Indonesia, almost 80% use 

bricks as the primary material of masonry [1]. In some 

developing countries, traditional clay bricks are 

produced locally without following any technical 

inspection or standard and the quality varies from region 

to region. These bricks are used for houses and simple 

buildings, not only in village areas but also in the urban 

region. In general, masonry structures are very good in 

resisting gravity loads, but do not perform well when 

subjected to lateral in-plane and out-of-plane loading, 

such as seismic loads caused by an earthquake. As 

countries locate in a high risk seismic region, many 

masonry houses experienced severe damage during past 

earthquakes that caused many injuries and deaths. The 

houses collapsed gradually in brittle failure without 

ductility.  

Ridwan et al. [2] in his research to verify and validate 

the calculation method proposed in obtaining the ability 

of out-of-plane from masonry is very low 

Based on the findings mentioned above, the mechanical 

characteristics of brick quality of masonry structure need 

to be evaluated.  

2 Active seismic zone in the world 

Indonesia and some developing countries locates in 

active seismic zone in the world. There are have five 

active tectonic plates, earthquakes occurred daily in the 

region, with a magnitude of 5 in Richter scale or larger. 

Fig. 1 shows the epicenters of recorded earthquakes 

during the period of 2017. A total of 11,594 earthquakes 

are plotted. This seismic has the potential to produce an 

earthquake with magnitude greater than 8.7. As example, 

the subduction zone in Sumatra is known for producing 

mega‐thrust earthquakes such as the moment magnitude 

Mw 8.8‐9.2 in 1833, the Mw 8.3‐8.5 in 1861, the Mw 

9.0‐9.3 in December 2004, the Mw 8.7 in March 2005 

and the Mw 8.4 in September 2007 [3]. Based on the 

recent seismic activity, Aydan O. et al. [4] identified a 

segment of the subduction zone facing Padang City that 

has not ruptured in the last 213 years. This seismic gap 

has the potential to produce an earthquake with 
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magnitude greater than 8.7. The seismic gap is located in 

between the 1833 and 1861 fault ruptures, and it is 

estimated to have an approximate recurrence interval of 

230 years [5]. As a result, the potential earthquake 

rupture length in the Sumatra fault is not likely to exceed 

100 km, so the maximum magnitude expected from such 

an event is estimated as Mw 7.5 [6,7]. 

 

 

Figure 1. World earthquakes during the period of 2017 [28] 

 

From previous seismic events, it has been seen that brick 

masonry often presents an inadequate behavior to 

seismic actions, showing extensive cracking and 

disintegration due to combined in-plane and out-of-plane 

loadings. This behavior is due to the low quality of 

materials, 

3. Conditions of non-engineered 
construction in developing countries  

Most of the buildings in Nepal, Pakistan, Indonesia, 

India, Peru, Turkey and Egypt utilize fired clay bricks as 

wall material, with one brick thickness (see Fig. 2 and 

Fig. 3). In terms of wall height to thickness ratio, the 

highest ratio is found in Indonesia (19.83), while the 

smallest is found in Egypt (9.00) [8] 

 Most of non-engineered constructions provide beams 

and few of them provide columns. This depends on the 

structural system adopted in the surveyed country. In 

Indonesia, most of the surveyed sites exhibit confined 

masonry, so both columns and beams are available. On 

the other hand, in Pakistan, Egypt, and India, where 

most of the selected sites are unconfined masonry, the 

buildings are only provided with beam/lintel. From all of 

the selected countries, it was found that most of non-

engineered construction had poor detailing on the 

connection of the structural elements [8].  

 

Most of countries have building regulation/codes and/or 

guideline on non-engineered construction at the national 

level, such as India, Indonesia, Pakistan, Peru and Nepal. 

Unfortunately, the building regulation/codes or 

guidelines on non-engineered structure are mostly not 

implemented by the countries, excepting for a few big 

cities. It was also found that some countries have 

problems on disseminating these regulations to the 

workers. In Turkey and Egypt, the non-engineered 

building code at the national level is not available. 

However, both countries have local offices in charge of 

building administration in the surveyed cities. In Turkey, 

the national building code is only for engineered 

structure [8].   

 

 

 

 

Figure Error! No text of specified style in document. 
Percentage of wall materials used in developing countries 

 
Figure 3 Percentage of wall thickness used in developing 

countries 

 

Some mistakes are often found in many masonry houses 

or simple structures. In Fig. 4, fence wall built on not 

properly connected to the column and supporting beam. 

This wall was constructed without any column or tie 

beam. Such brick wall will collapse during earthquake 

because there is no lateral in plane stiffener in wall 

structures. 

 
Figure 4 Buildings in Padang, Indonesia after earthquake 

September 30, 2009 (7.6 on Richter scale). Damages to an 

unconfined single story school building [29] 

 

A masonry house (shown in Fig. 5) is considered to be a 

semi engineered structure, since the structural column 

and tie beam were not properly installed.  
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Figure 5 Confined masonry: formwork present after 
construction of walls; note lack of columns on right side. [30] 

 

There is no closed tie beam constructed at the upper part 

of the wall to confine the whole structure. It can be 

expected that some partial damages will occur during 

earthquake. 

In Fig. 6, a simple reinforced concrete frame is placed at 

the corner of masonry house. The beam, which is 

retaining part of the wall structure, is not correctly 

connected with anchorage to end support. There are also 

no closed tie beam and column found in this structure. 

This type of house is classified as a non-engineered 

structure and will experience damage during an 

earthquake, especially at the corner of wall opening. 

 

Figure 6 Typical earthquake damage: a house without vertical 

tie-columns and without top bond-beams in Attics (1988 Bovec 

earthquake) [31] 

4. Investigation of the quality of bricks 
masonry 

Brick masonry (BM) is a building construction method 

in which a two-phase composite material is formed of 

regularly distributed brick and mortar [9]. Normally, 

bricks (clay bricks) contain the following ingredients: 

silica (sand) around 50% to 60% by weight, alumina 

(clay) around 20% to 30% by weight, lime around 2 to 

5% by weight, iron oxide ≤ 7% by weight and Magnesia 

less than 1% by weight [10]. Usually, the bricks show 

higher values for compressive strength and stiffness than 

the mortar. However, the opposite is true in some of the 

developing countries. For example, the mechanical 

properties of bricks in some areas of Indonesia show 

significantly lower values than those of mortar because 

construction materials are sometimes manufactured in 

family-run industries [11]. This is due to culture, 

economics, source and material of the bricks. In spite of 

the use of low-quality bricks, the design code for 

masonry structures in Indonesia (SNI-2094-2000) is 

based on the design code of other countries, namely, the 

DIN 105 standard of Germany and the ASTM C 67-94 

standard of the USA. 

Hence, most investigations are focused on bricks 

showing higher strength and when compared to the 

mortar used in masonry structures. However, as 

mentioned above, this is not always the case [12] in 

some developing countries. It was reported in [Indra et 

al. 2013] that bricks in Payakumbuh, located in the West 

Sumatera Province of Indonesia had a significantly low 

compressive strength of 2.9 MPa on an average. 

Similarly, Putri [13] reported a brick strength of 2.5 MPa 

in Padang city. Elhusna et al.  [14] observed that the 

compressive strength of bricks in Bengkulu Province 

was within the range of 2.4–6.7 MPa. Wisnumurti et al. 

[15] investigated the strength of bricks from four 

different areas in East Java. According to their 

investigations, the compressive strength was within the 

range of 0.55–0.9 MPa, and the modulus of elasticity of 

the low-quality bricks was within the range of 279–571 

MPa. In addition, Basoenondo [16] reported that the 

compressive strength and the modulus of elasticity of 

bricks in the West Java Province were 0.5–2.87 MPa and 

220–540 MPa, respectively. It is noteworthy that the test 

was based on the American standard ASTM E-111 

owing to the lack of an Indonesian standard for the 

evaluation of the elastic modulus of bricks. 

Most of the non-engineered constructions at countries 

use baked clay or stone masonry for the wall materials. 

Brick sizes in Turkey, Nepal, Indonesia, Peru and 

Pakistan are relatively similar, meanwhile in India and 

Egypt bricks have different sizes compared to the others. 

Peru has the highest brick compressive strength, while 

Turkey has the smallest brick compressive strength 

compared to the other countries. Test results from sites 

in each country showed that some do not have adequate 

strength for the brick (see Fig. 7). [8] 

 

 
Figure 7 Average bricks compressive strength 

General-purpose bricks in western countries have higher 

strength and stiffness than mortar, as discussed by 

Gumaste et al. [12]. They reported that bricks in India 

have a relatively lower strength (3–20 MPa) and elastic 

modulus (300–15000 MPa). Similarly, Indonesian bricks 

have lower strength and stiffness [16]. 
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The general theory is based on the assumption that 

mechanical properties of brick elements are higher than 

those of mortar [17]. In most cases, the ideal elasticity 

used in the design refers to formulas specified in 

overseas regulations. These assumptions may result in 

inappropriate design for the construction of masonry 

structures using Indonesian bricks. 

Most of the countries use ordinary Portland cement as 

plaster and mortar cementing agent. Pakistan found to 

have the highest mortar strength, even though the mix is 

similar with other countries. On the other hand, Peru has 

different mortar mix compared to the other countries, but 

it produces the same compressive strength. The mortar 

thickness in Egypt is found to be the thickest (25 mm), 

while Turkey and Pakistan have the thinnest mortar layer 

(10-20 mm and 11.5mm respectively) (see Fiq. 8). The 

common plaster mix is either 1:6 or 1:4 (PC;sand) , 

except in Peru where the mix is 1:1. Turkey has the 

thickest plaster (20-30 mm), while Nepal has the thinnest 

plaster (10 mm) (see Fig. 9). [8] 

 

 
Figure 8 Average mortar’s thickness 

 

 
Figure 9 Average plaster’s thickness 

 

Ridwan et al [1] was observed that typical mortar has a 

lower elasticity than bricks in the homogenization 

process (Table 1). His proposed analytical approach can 

significantly contribute to a safer analysis and design of 

masonry structural systems built with low-quality bricks 

in various developing countries, such as Indonesia.  
Table 1 Moduli of elasticity for homogenization 

Author (s) Ebrick (MPa) Emortar (MPa) 

[18] 6740 1700 

[19] 12500 1200 

[20] 1000 Emor/Eb <1 

[21] 20000 1<Eb/Emor<1000 

[22] 10000 0.49 

[23] 11000 Eb/Emor = 1.1-11 

[24] 11000 2200 

[25] 22000 7400 

[26]  13000 4000 

[27] 20000 2000 

5. Discussion. 

The above investigations that need several 

considerations and to be observed because Indonesia's 

position is in the seismic area while the quality of the 

bricks is lower than some another developing countries. 

Brick masonry walls are assumed to be nonstructural 

while that is used as building structural part. Based on 

previous researches data (Table 1) that the concept of a 

composite of masonry is the compressive strength of the 

brick is greater than mortar. This condition will be 

opposite when using the material of brick from Indonesia  

Mechanical properties of bricks used in western 

countries for making the regulation are higher brick 

quality than mortar while In Indonesia the quality of 

brick is low and mortar quality can be higher. 

The production of brick in Indonesia is a majority made 

by family industry, so it is one causes of difficulty to be 

improved the quality of brick.  By given that Indonesia 

consists of various areas that have the level of disaster 

risk due to earthquakes then the use of brick needs to be 

proposed by divide the area of the Indonesia territory in 

usage brick for example in the three regions. In this 

paper, we propose three areas according to the disaster 

map released by BNPB on Fig. 10 [32]. The division are; 

1. Green color zone is safe zone to use masonry.  

2. Yellow color zone that is allowed to use masonry with 

strict rules such as reinforced masonry, using an anchor 

and confined masonry.  

3. Red color zone that are not intended to use masonry.  
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Figure 10.  Earthquake risk index in Indonesia 

 

Conclusion 

 

The brick has become a favorite masonry material for 

society houses including use as building partitions in 

Indonesia. However, Indonesian bricks is low quality 

and some places in Indonesia are the seismic zones. The 

developed countries that are in the earthquake zone have 

left the brick as the primary material of the wall. This 

condition need of policy and rule on the use of bricks 

following the condition of Indonesia brick, as well to 

improve the quality of bricks. Next, the map zone that 

have three level from low to high-level disaster for 

masonry structure is proposed. For the high level of 

disaster should be no used the bricks anymore for 

structural of construction and switch to other types of 

materials. For the middle level of the disaster zone 

should pay attention to the procedures and specifications 

of bricks following the regulations to avoid failure. 

Considering the existence of an existing brick home 

industry existed then the use of brick is highly 

recommended for areas that are not prone to earthquake 

disaster. 

References. 

1. M. Ridwan, I. Yoshitake, A. Y. Nassif, Proposal of 

Adv. Civ. Eng. 2017 (2017) 

2. M. Ridwan, I. Yoshitake, A. Y. Nassif, Constr. Build. 

Mater. 152 (2017),  

3. M. Irsyam et al., Journal of Earth System 

Science. 117, 865–878 (2008). 

4. Ö. Aydan, F. Imamura, T. Suzuki, I. Febrin, A. 

Hakam, M. Mera and P. Rina D., Japan Society of 

Civil Engineers (JSCE)‐Japan Association for 

Earthquake Engineering (JAEE), Japan. (2007) 

5. J. Zachariasen, K. Sieh, F. W. Taylor, R. L. Edwards, 

W. S. Hantoro, Journal of Geophysical 

Research. 104, 895–919 (1999). 

6. D. Natawidjaja, H., California Institute of 

Technology, USA. (2002) 

7. R. McCaffrey, The Annual Review of Earth and 

Planetary Science, 37, pp.345–66. (2009), 

8. T. S. Okazaki, Kenji; Pribadi, S. Krishna, 

Kusumastuti, Dyah; Saito, 15th World Conference on 

Earthquake Engineering (15WCEE) (2012). 

9. G. Ma, H. Hao, and Y. Lu, J. Eng. Mech., 127(5), 

pp.421-431. (2001), 

10. B. Punmia, K Jain, A. & K. Jain, A.  Basic civil 

engineering, Firewall Media. (2003). 

11. A. Indra, , S. Elfina, Nurzal and H. Nofrianto, H., 

National Strategic Research, Indonesia. (2013) 

12. K. Gumaste, , R. Nanjunda, K., B. Venkatarama 

Reddy, B. and Jagadish, K. (2006), Mater Struct, 

40(2), pp.241-253. 

13. P. Putri,  Procedia Eng., 95, pp.510-517. (2014)   

14. Elhusna, A. Wahyuni, and A. Gunawan, A. Procedia 

Eng., 95, pp.504-509. (2014), 

MATEC Web of Conferences 215, 01034 (2018)  https://doi.org/10.1051/matecconf/201821501034
ICTIS 2018

5

mailto:mhd.rid.wan.itp@gmail.com


 

15. Wisnumurti, S. Dewi, and Soehardjono, A. Procedia 

Eng., 95, pp.172-177. (2014) 

16. E. Basoenondo, , Build Environment: Disertasi. 

(2008) 

17. T. Paulay,  and M. J. N. Priestley, , John Wiley and 

Sons, New York. (1992) 

18. I. Stefanou,  K. Sab, and Heck, J. Int. J. Solids and 

Struct, 54, pp.258-270. (2015) 

19. F.Cluni, and V.Gusella, Int. J. of Solids and Struct., 

41(7), pp.1911-1923. (2004), 

20. A.Cecchi  and R. Di Marco, J. Eng. Mech., 

128(6),688-697. (2002) 

21. A. Zucchini, and P. Lourenco, B., Int. J. Solids and 

Struct., 39(12), pp.3233-3255. (2002) 

22. A. Rekik, , Allaoui, S., Gasser, A., Euro. J. Mech. - 

A/Solids, 49, pp.67-81.(2015) 

23. G. Pande N., Liang J. X. and Middleton J., 

Computers and Geotechnics, pp.243-265. (1989) 

24. A. Anthoine, , Int. J. Solids and Struct., 32(2), 

pp.137-163. (1995) 

25. J. Lee, Pande, G., Middleton, J. and Kralj, B. 

Computers and Structures, 61(4), pp.735-745. 

(1996). 

26. Gabor, A., Bennani, A., Jacquelin, E. and Lebon, F. 

Comp. Str., 74(3), pp.277-288. (2006) 

27. P.Lourenço B., Delft University Press, Stevinweg 1, 

2628 CN Delft, The Netherlands. (1996) 

28. https://en.wikipedia.org/wiki/List_of_earthquakes_in

_2017#/media/File:Map_of_earthquakes_in_2017.sv

g 

29. https://www.researchgate.net/profile/I_Gede_Adi_Su

sila/publication/318085641/figure/fig2/AS:51143330

1557248@1498946609570/Figure-6-Buildings-in-

Padang-Indonesia-after-earthqauke-September-30-

2009-76-on.png 

30. http://eqclearinghouse.org/co/20100112-haiti/wp-

content/uploads/2010/03/3-Residential.jpg 

31. http://db.world-housing.net/pdf_view/88/ 

32. http://geospasial.bnpb.go.id/2010/02/19/peta-indeks-

risiko-bencana-gempabumi-di-indonesia/ 

MATEC Web of Conferences 215, 01034 (2018)  https://doi.org/10.1051/matecconf/201821501034
ICTIS 2018

6

https://www.researchgate.net/profile/I_Gede_Adi_Susila/publication/318085641/figure/fig2/AS:511433301557248@1498946609570/Figure-6-Buildings-in-Padang-Indonesia-after-earthqauke-September-30-2009-76-on.png
https://www.researchgate.net/profile/I_Gede_Adi_Susila/publication/318085641/figure/fig2/AS:511433301557248@1498946609570/Figure-6-Buildings-in-Padang-Indonesia-after-earthqauke-September-30-2009-76-on.png
https://www.researchgate.net/profile/I_Gede_Adi_Susila/publication/318085641/figure/fig2/AS:511433301557248@1498946609570/Figure-6-Buildings-in-Padang-Indonesia-after-earthqauke-September-30-2009-76-on.png
https://www.researchgate.net/profile/I_Gede_Adi_Susila/publication/318085641/figure/fig2/AS:511433301557248@1498946609570/Figure-6-Buildings-in-Padang-Indonesia-after-earthqauke-September-30-2009-76-on.png
https://www.researchgate.net/profile/I_Gede_Adi_Susila/publication/318085641/figure/fig2/AS:511433301557248@1498946609570/Figure-6-Buildings-in-Padang-Indonesia-after-earthqauke-September-30-2009-76-on.png
http://eqclearinghouse.org/co/20100112-haiti/wp-content/uploads/2010/03/3-Residential.jpg
http://eqclearinghouse.org/co/20100112-haiti/wp-content/uploads/2010/03/3-Residential.jpg
http://db.world-housing.net/pdf_view/88/
http://geospasial.bnpb.go.id/2010/02/19/peta-indeks-risiko-bencana-gempabumi-di-indonesia/
http://geospasial.bnpb.go.id/2010/02/19/peta-indeks-risiko-bencana-gempabumi-di-indonesia/

