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PRODUCTION OF MASONRY BLOCKS FOR DEVELOPING COUNTRIES 

By Tarun R. Naik, M. ASCE 

Introduction 

The  need  for  nurturing of low cost building  materials  industry  in developing  

countries  has long been recognized throughout the world  (1) • The  inflation  trend of the 

world economy have  escalated  the  costs  of building  materials.   Therefore,  construction of  

low cost housing  has become more difficult. 

The objective of this research was to utilize minimal cost  materials, such  as  coal  

combustion by-products (fly ash,  bottom ash,  etc.),  for production  of masonry blocks for low 

cost  housing  construction.   The research  was  done  in two phases.  The first phase (3)  was  

designed  to identify mixtures  of  fly ash and binder which  would  yield blocks  of sufficient  

strength  to withstand   handling,   transfer  and  long  term exposure.  The final phase (4) was 

designed to 
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determine  the response of acceptable fly ash block mixtures, from Phase  I study,  to continued 

soaking in fresh water.  The water in  the  tank  was continuously charged with a very low rate 

of flow (about one  gallon per minute). 

The  experimental  design required that the fly ash blocks  be  tested periodically over  a  

two-year period  for  compressive  strength,  pulse velocity,  density and  surface hardness.  

The results of  this  phase  of study, as well as complete data for trial mix proportions from 

the Phase  I study, are presented in the following sections. 

Mix Proportions 

The Phase I study resulted in selection of five basic mixtures of  fly ash and various 

binders that could  be used in the mass production of fly ash masonry blocks  (3).   The fly ash  

used was  produced by Wisconsin  Electric's  coal-fired power plants.   The criteria for 

selecting these mixtures was to meet  or  exceed the following: 

(1)  to be compatible with current block making techniques; 

(2)  to  use coal combustion waste material (fly ash) to  the maximum extent  possible  

while  minimizing   costs  (e.g.,  amounts  of additives); and, 

(3) the fly ash blocks must reach a strength of 300 + 50 psi (2100  + 350  KN/m2)  within 

two days to permit  handling,  stacking,  and transportation. 
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All of the five fly ash block mix designs evaluated  in the next  phase of this  

Research exceeded this criteria.   

 

Mix proportions for  the five types of fly  ash blocks are presented  in Table 1. 

Experimental Setup 

All  blocks  were produced by Bend Industries, West  Bend,  Wisconsin, using  a  75  

percent  solid mold design  and  standard block  fabricating procedures  (4).   Forty 8x8x16 in. 

(203x203x406  mm)  blocks  representing each mix  design were randomly selected from a single  

batch  run.   Using blocks  from a single batch  run  had  the  potential  to  reduce  test 

variability among  blocks.   In  addition,  blocks  with  obvious  surface imperfections  were  

rejected to avoid invalid compressive  strength  test results. 

The  blocks  were  placed  in five 300  gallon  (1.14  m3)  galvanized steel  tanks.  

Milwaukee tap water, which is treated Lake  Michigan water, was  supplied continuously to each 

tank.  Water temperature  was  monitored by a continuous recorder.  Over the course of this 

study, two years,  water temperature ranged between 40° and 63°F (4 and 17 °C). 

Experimentation 

Two  experiments with separate groups of fly ash  blocks  representing each of the five 

mix proportions were conducted.  In the first  experiment,  
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three blocks representing each mix were randomly selected and removed  from the  tanks for 

testing on each designated test day (day 1, weeks 2,  4,  8, 14,  26,  41,  52, 64, 72, 91 and 

104).  Each block was  first weighed  in water  and  then in air.  Block dimensions were then 

measured.   This data was used to compute block density. 

After each block was weighed, measured and identified, pulse  velocity measurements  

through the height of the block and along the  block  surface were  recorded, Figure 1.  Each 

block was also tested for surface  hardness using  an  impact  hammer.   The blocks were then 

capped  and  tested  for compressive strength according to ASTM Test Designation C-140 (2). 

In  the  second experiment,   pulse  velocity and  surface  hardness measurements  were  

repeated on the same blocks over the  two-year  testing period.   These  blocks  were  not  

destructively  tested  for  compressive strength. 

The  purpose  of  the  second experiment was  to  evaluate  the  pulse velocity 

measurements  as  a substitute of the surface  hardness  and  the destructive compressive 

strength measurements, respectively.  Only  results of the first experiment are reported in this 

paper. 

Discussion of Results 

Compressive Strength and Density Tests 
Figures  2  through 6 show trends in fly ash  block  mean compressive strength  and density 

values for the five mix designs through two years  of continuous soaking in freshwater. 
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Ail  blocks from the five mixes gained appreciable strength  over  the two  years,  Table 

2.  However, the blocks from Mixes 1, 2 and  3  attained maximum  strength at one year age. 

Figures 2, 3 and 4, then they exhibited a slight decrease  in strengths through the remaining  

one year of  the experiment.   The blocks from the Mix 4 attained greatest strength  at  the 21  

month  age.  Figure 5, while blocks from the Mix 5  continued to  gain strength  through  the 

entire period reaching its maximum value  at  the  2 years age, Figure 6. 

Density values  for all fly ash block mixes also increased  over  the two-year period, 

Figures 2-6 and Table 3.  Blocks from the Mix 1  exhibited the most consistent increase. Figure 

2.  Conversely, blocks from Mixes  2, 3  and 4, Figures 3, 4, and 5, exhibited rather erratic 

trends in density. Finally,  blocks  from  the Mix 5 exhibited a very consistent  increasing 

trend  through the first year followed by a rather erratic pattern  through the  remainder of the 

experiment, up to the end of the second year.  Figure 6.  Trends in block density values did not 

appear to closely mirror  trends in block compressive strength values for the same mixes except 

for Mixes  1 and 4. 

Using  compressive  strength  as   an   indicator  of  fly ash block integrity,  only  fly  

ash  blocks  from Mixes  4  and  5  appeared  to be unaffected  by  the  two-year period of 

continued soaking.   On  the  other-hand,  the  trends  in density values for  these  two  mixes  

suggest  the opposite.   As  will be discussed later, there are additional  criteria  to consider 

when  judging fly ash block integrity in response  to  long  term immersion. 
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Surface Hardness Measurements 

Impact  hammer  measurements  (average of 12  readings  per  block,  a minimum of 36 

readings per mix) for each test age are plotted in Figures  7 and 8.   Other  similar types of 

figures for other mixes  are  not  shown herein-due to space limitations. 

Two  of the five mixes (Mixes 1 and 2) exhibited clear indications  of decreasing  surface  

hardness  over time as  measured by this  technique, Figures  7 and 8.  However, the Mix 3 while 

not exhibiting  any definitive trend,  had the softest surface of the five mixes while the Mix 4  

had  the hardest  surface.   Blocks from the Mix 5 exhibited little variation  as  a function  of  

immersion time while blocks from Mixes 1, 2 and  4  exhibited substantial variability between 

sampling dates. 

In  part, the observed variability is believed to reflect  the  limits of  the  sensitivity  

of this test procedure.  The impact  hammer  test  is usually applied  to substances that are 

considerably harder than  fly ash block materials (e.g., structural strength concrete).  The fly 

ash blocks being  tested have an apparent hardness of only a few units above the  test threshold  

reading  of ten.  With this limitation, the impact  hammer  test may not  have the sensitivity to 

detect subtle changes in  fly ash  block surface  hardness.   However, the test does appear to 

have the  ability  to detect  gross  changes  in surface hardness.  As  evidenced by  the  data, 

blocks from Mixes 1 and 2 exhibited gross changes in surface hardness. 
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Finally,  using  surface  hardness as a indicator of  fly ash block integrity,  only fly 

ash blocks  from Mixes  4  and  5  appeared to be unaffected by the two year period of continued 

immersion. 

Pulse Velocity Measurements 

Two  sets of ultrasonic pulse velocity measurements were taken across the  height  of  the 

block.  The set of measurements  denoted  "across"  on Figures 9 and 10 were at points A-F, 

Figure 1, while those denoted  "along" on Figures  9 and 10 were taken at points A'-F', Figure 1, 

for Mix  1  and 2.   Other  similar types of figures for other mixes are not  shown  herein due  

to  space limitations.  The measurement locations A-F were chosen  to represent  the  load 

bearing  points of the  block.   The  pulse  velocity readings  collected along these profiles 

were thought  to best correlate with  compressive  test results which in turn represent  the  

maximum  load that leads to structural failure during testing (5). 

On  the other hand, the measurement locations A'-F' were  selected  to correspond with the 

block surface plane.  Imperfections in or softening  of the  surface  of the block would tend to 

refract the  sound waves  causing diminished  velocity measurements  (6).    The  "along"  

surface  velocity measurements were correlated with 

surface  hardness  measurements taken during the same  sampling  period  to test  the hypothesis 

that "along" surface sound velocity could be  used  to detect surface softening (6). 
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The results for the "across" velocity measurements, Figures 9 and  10, very closely 

resemble the compressive strength curves for  the  respective mix designs, Figures 2 and 3.  

Other similar pulse  velocity measurements for mixes 3, 4, and 5 also resembled compressive 

strength plots for  these mixes,  Figures  4,  5  and 6.  The  "across"  velocity and 

corresponding compressive strength values were examined for statistical correlation,  the results 

of which are summarized in Table 4. 

These  analyses  indicate that the "across"  velocity measurement  is highly correlated 

with strength and density for all mixes.   With  respect to  surface hardness the correlation was 

very poor except for mixes  1  and 5.   The results for the "along" velocity measurements, 

Figures 9  and  10, mirror  the  surface  hardness data for mixes 2  and  5.   The  correlation 

statistics  for the "along" pulse velocity, compressive  strength,  density and surface hardness 

values are also summarized in Table 4.  While  "along" pulse  velocity correlates  reasonably 

well  with  compressive  strength, except  for Mix  1,  the  correlation  with  density  is  

generally poor. However,  pulse  velocity  "along" measurements correlate  very well  with 

surface hardness measurements for Mixes 2 and 5. 

Summarizing  the  above  discussion,  the  conclusion  is  that  pulse velocity  "across"  

measurements  gave the same trend as  the  compressive strength measurements  for  the different  

mixes.   Also,  pulse  velocity "along"  measurements  gave  approximately the same trend as  the  

surface hardness measurements.  Therefore, using pulse velocity measurements as  an indicator  of 

fly ash block integrity, once again only fly ash blocks  from mixes  4  and  5  were unaffected 

by  the  two-year  period of continuous soaking. 
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Conclusions 

The following conclusions can be drawn from this research: 

(1)  Fly ash masonry blocks can be produced and designed to meet  very low cost housing 

material specifications. 

(2)  All  five fly ash block mix designs exhibited 100%  increases  in compressive  

strength.   Mixes   4   and  5  exhibited  increases exceeding 150%. 

(3)  Three of the five mix design (Mixes 1, 2 and 3) blocks  exhibited surface  softening.  

Due to unstable surfaces, these block  types would be unacceptable for low cost construction 

materials. 

(4) The  pulse velocity method can be used to monitor evolving block strength and surface 

stability. 
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