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Abstract
Clay bricks and cement sand blocks are the most usual types used for wall panel construction. However, the 
shortage of raw materials and cost has led to development of many alternatives for conventional brick wall 
construction. This study presents the development of semi mechanized shutter for the continuous masonry 
construction, details of the mortar mixes that can be used and load bearing capacity of continuos masonry wall 
panels. Wall panel construction using this technique was pioneered by Dr. R.N.S. Kulasinghe in early 80s' as a low 
cost and rapid construction technique. However, the mould used has not been able to harness the full potential of 
this construction technique. Semi mechani2ed mould developed in this study has effectively eliminated all the 
drawbacks of original version and allowed rapid construction of full wall height. In this study both economical 
aspect and strength of these new continuous masonry units have been evaluated and compared against the 
conventional brick masonry and results of the original slip form wall panel. Results show that continuous masonry 
has significantly higher strength compared to conventional brick masonry. Detail cost analysis indicates that these 
continuous masonry wall panels can be constructed with substantial cost savings when compared with 

«• conventional brick masonry.

Keywords: Continuous masonry, constructability, structural behaviour of masonry walls, work study.

Introduction
Masonry wall panel construction is a vital component 
in any building construction. Wall panels in a building 
fulfil several functions. Acting as a load bearing 
elements is one of its primary functions. Fire 
protection, thermal and sound insulations, weather 
protection and partition are some of the other 
functions of wall panels. Different masonry materials 
have been used for the construction of wall panel in Sri 
Lanka. Clay bricks and cement sand blocks are the 
most usual type. Low strength, high skill labour 
intensiveness, long duration of construction are some 
of the notable disadvantages of conventional brick 
masonry.
The strength of the conventional brick masonry is 
often affected by the poor quality of bricks produced. 
Local bricks have low strength and high variability 
making them unreliable for load bearing. This has led 
the engineers not to attribute any strength to masonry 
wall panels and use masonry only as infill in the 
reinforced concrete frame structures. However, 
attempts have been made to introduce new bricks, like 
cement stabilized block with improved strength 
characteristics, and new techniques of construction of 
brick walls to revitalize the role of brick wall as load 
bearing elements. Slip form construction pioneered by 
Dr A.N.S. Kulasignhe in the early 80's is one such

alternative technique for wall panel construction. This 
technique involved compaction of mortar between 
two shutters layer by layer until the full height of the 
wall is achieved[l][2][3]. Shutters are guided while 
raising and lowering along two concrete columns. 
There are many advantages of this method over 
conventional masonry construction. Low cost of the 
construction, high speed, minimum skill, labour 
requirement, minimum wastage of materials and high 
dimensional accuracy are some of the notable 
advantages of this method over the conventional brick 
masonry[l][2].
At least 4 days are required to complete full wall height 
of conventional brick masonry with plaster applied. In 
conventional brick masonry, it is not possible to lay 
bricks or apply plaster for the full wall height in a 
continuous operation as they are not stable for such 
construction. Usually construction is withheld after 1.5 
m height until it gains adequate strength. The slip form 
construction has the potential to eliminate the 
limitation of conventional brick masonry construction 
and complete the full wall height in a continuous 
operation. However, the mould originally used has its 
limitation in achieving the full potential of this 
construction technique. Figure 1 shows wall panel 
construction using the mould developed by Dr. R.N.S 
Kulashinghe whist Figure 2 shows the mould originally
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used in the co n stru c tio n . T h e m ain  draw back  o f  the 

m ould  used has been  its inability to be tightened  
against the co n cre te  edge co lum n s during  com p action  
and re leased  during  hoisting. C racking o f  the tresh ly  
placed m o rta r is on e o f  the m ain  p ro b lem s h indering  
the speedv p ro g ress o f  the c o n stru c d o n  [1]. T his is 
caused w h en  the shutters are raised  w ith o u t p ro p e r  
releasing. R aising shutters tend  to lift  the im m ediate ly  
com p acted  layer o f  m a so n ry  causing tensile stresses on  
the fresh ly  p laced m o rta r  layer. In the orig inal m ou ld  

arrangem ent, a sp read er b eam  is used w h ile  liltin g  the 
shutters. H ydraulic jacks lifting  the sh u tter are p laced

Figure 1. C onstrucdon  o f  w all panels using S lip -fo rm

E ffic ie n t co n stru c tio n  o f  co n tin u o u s m a so n ry  w all 

panels largely d ep en d s o n  the ab ility  o f  the m o u ld  to 

con tinu e c o n stru c d o n  w ith o u t in te rru p tio n s . T he  

m eth o d  also relies h eav ily  o n  the su itab le m o rta r  m ixes 

and the degree o f  co m p action . In  the orig in a l m ixes, 

q u a rry  dust cem en t m o rta r  m ixed  w ith  c o c o n u t co ir  

w as used. W a te r cem en t ra tios o f  m ixes w ere  usually  

arou n d  0 .6 5  [1]. H igher w a te r cem en t ra tios can  m ake  

the m o rta r  stick to  sh u tte r w h ile  excessive ly  d ry  m ixers  

tends to d isin tegrate and b ec o m e d iffic u lt to  c o n stru c t  

at the applied  co m p a ctio n  e ffo r t .  T h e re  is sign ificant 

in te rd ep en d en cy  b etw een  the w ate r/ cem en t ra tio  and  

the d egree o f  c o m p a ctio n  fo r  the co n stru c ta b ility  o f  a 

mix.

Methodology

Development o f  the mould
T his stu d y is carried  o u t w ith  the m ain  in ten s io n  o f  

im p ro v in g  a m o u ld  to  yield  the fu ll p o ten tia l o f  

co n tin u o u s m a so n ry  c o n stru c tio n  and fin d  o u t the  

load  b earin g  o f  such w a ll panels. D e v e lo p e d  m o u ld  has 

e ffe c tive ly  o v e rc o m e  the cracking  o f  the w all during  

raising  the shutters fo llo w e d  b y  co m p action . R eleasing  

and tigh ten ing  m ech an ism  that a llow s the sh u tters to

on  this sp read er b eam  and reactions press tJie fresh ly  
placed m o rta r  layer against the lift. T his arrangem ent 
w ork ed  w ith  som e success bu t cou ld  n o t elim inate  
occasion al cracking. O rig in a l w all panel co n stru ctio n  

also relied  o n  the p re -stress p re -cast edge co lum ns to  
guide the sh u tter as the shutters cou ld  n o t to lerate the 

co n stru c tio n  to leran ces o f  the in situ cast co lum n  o r  
any m isalig n m en t o f  the co lum ns. T his has fu rth er  
alienated the m eth o d  fro m  the co m m o n  co n stru c tio n  
practice and it is ra re ly  used  today.

Figure 2. M ould used in the construction  o f  slip form  
m asonry

m o ve  fro m  the p hase o f  c o n stru c tio n  during  hoisting  

o r  tighten  against the gu id ing  co n cre te  co lum n s during  

co m p a ctio n  is the m ain  fea tu re  o f  the n ew ly  d eve lop ed  

m ould . F igure 3  sh o w s the re leasin g  and tightening  

m ech an ism  o f  the shutters. F igure 4  is a schem atic  

re p resen ta tio n  o f  the d ev e lo p e d  m o u ld  w ith  all the  

p arts  nam ed. A b ility  to  tight and  re lease the shutters  

against the co n cre te  edge co lu m n  are ach ieved  by  

attach ing  the sh u tters  to  the c ircu lar galvan ised  iro n  

tub„e guides th ro u g h  a b rid g e jack. B ridge jack a llow s  

the sh u tters to  m o ve  w ith  re sp e c t to  the galvan ised  iro n  

tube guides and  a llo w  the sh u tters  to  be tightened  

against the co lu m n  d u rin g  c o m p a ctio n  and release  

during  hoisting. G a lv a n ised  iro n  tube guides are 

attached  to  the top  and b o tto m  o f  the con cre te  edge 

co lu m n  and rem ain  sta tio n ary  d u rin g  the con stru ction . 

In the c u rre n t m ou ld , sh u tters  are p ro v id e d  w ith  chain  

b locks w h ich  are h u n g  fro m  the cross beam  to  allow  

th em  to  b e lifted  and lo w ere d  w ith  ease. T ighten ing  and  

re leasing  m ech an ism  a lo n g  w ith  the e ffe c tive  guiding  

m ech an ism  p ro v id e d  b y the galvan ised  tube guides 

a llow  sp eed y m a so n ry  p a n e l co n stru c tio n  and to realize  

th e  fu ll p o te n tia l o f  th e  c o n tin u o u s  m a so n ry  

co n stru c tio n .

241



S c h e m a tic  v ie w  o f  th e  m o u ld  P h o to g r a p h  o f  th e  h o r iz o n t a l  m e c h a n is m

F igure 3. S c h e m a tic  v ie w  o f  th e  tig h ten in g  and  re leas in g  m e c h a n ism  o f  th e  sh u tte rs
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C o n s tru c t io n  o f  w a ll  p a n e l

C o m p action  o f  m o rta r to the requ ired  degree is a v e ry  

i m p o r t a n t  a s p e c t  o t  c o n t i n u o u s  m a s o n r y  

co n stru ctio n . S tren g th  o t fin ished w all and the 

con stru ctab ility  largely d epends on  the degree o t  

com paction . A lth o u g h  plate co m p a cto r is ideal to r  tliis 

kind o f  co m p action , due to unavailab ility  d em olitio n  

h am m er is used in tins study. D em o litio n  h am m er can  

be easily c o n ve rte d  to d elive r co m p actio n  e f to r t  by  

attaching a plate to the h am m er bit and c o n ve rt the 

h am m er m o vem en t in to  a co m p actio n  e ffo rt. W ith all 

o f  these a rran gem en ts as exp lained  above, it was 

possib le to c o n stru c t co n tin u o u s m a so n ry  w all panel

free o f  cracking and com p lete  the co n stru ctio n  o f  a 

full w all height in  6 V2 hours. Figure 5 show s the 

d iffe ren t p rocesses in vo lv e d  in the co n stru c tio n  o f  

v  n tinuous m aso n ry  w all panel using the developed  

m ould. F ust, the sh u tters w ere  tightened against the 

con crete  edges co lum n. T h en  the m o rta r is placed  

betw een  the tw o shutters and levelled. N ext step is 

com p action . In all o t  the exp erim en ta l investigation  

co m p action  is m aintained  to reduce 8 inches freshly  

placed m o rta r  to 4  inches o f  fin ished  w all panels. A fte r  

co m p action  is over, shu tters are re leased  and raised to  

the next layer. T h is p ro cess is rep eated  until the full wall 

height is achieved.

Figure 5. Sequence o f  steps involved in the continuous m asonry construction (1) Tightening shutters 

(2) Placing m ortar (3) C om paction (4) Releasing and raising the shutters to the next level.

Selection oj mixers
D e ve lo p m e n t o f  the m o u ld  to  o v e rc o m e  the d raw  
backs o f  the orig ina l system  is the first step  tow ards  
realising  the fu ll p o ten tia l o f  the co n tin u o u s m a so n ry  
co n stru c tio n . D e te rm in in g  suitable m o rta r  m ixes that 
can be used  in the co n stru c tio n  o f  the fu ll w all height is 

the n ex t step. B o th  m ixers w ith  sand and q u a rry  dust as 
aggregate w ere  evaluated  in  this study. D iffe re n t  
aggregate to cem ent ratios startin g  fro m  lo w  to  high

ratios w ere  con sid ered . D ry  m ixers w ith  low  w ater  

cem ent ra tios are fo u n d  m o st ap p rop ria te  fo r  tliis kind  

o f  co n stru c tio n . U sually  w a te r cem en t ratio  betw een

0 .4  and 0 .5  w ere  used. Su itab ility  o f  a m o rta r m ix was 

in itially estab lished  b y c o n stru c tin g  a 5 0 0 m m  strip o f  

fu ll w all height (C o n stru c tab ility  test). Fig. 6 sh ow  

w o rk -in -p ro g ress  o f  such strip  o f  w all panel and  

su ccessfu lly  co m p le ted  test.
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Figure 6. C onstructability test p erfo rm ed  fo r a m ortar mix

C em en t to aggregate ra tio  o f  1 :4  is co n sid ered  as the 

^  first trail m ix fo r  b o th  aggregates. A f te r  su ccessfu l 

co n stru c ta b ility  test resu lts, testing  w as ex ten d ed  fo r  

cem en t to aggregate ra tio  1 :6  and 1 :8 . It w as fo u n d  that 

it is d ifficu lt to c o n stru c t c e m e n t to sand 1:8. W ith  

q u a rry  d u st as fine aggregate e v en  1 :8  w as easily  

acliievable. H o w ever, fu r th e r  in crease  o f  ce m e n t to  

q u a rry  dust ra tio  w as fo u n d  to  be unrealistic  as the  

surface tex tu re becam e c o a rse r at in creasin g  ce m e n t to  

q u a r r y  d u s t  r a t io .  M ix e r  th a t  s a t i s f ie s  th e  

co n stru c ta b ility  test at m ax im u m  aggregate to  b in d er  

ra tio  (1 :6  fo r  sand 1 :8  fo r  q u a rry  dust) w ith  re le va n t  

w ater b in d er ra tio  w as th en  used  in a fu ll w a ll p an el 

co n stru c tio n  (3. 5x3.5 m  w all panel) to c o n firm  the 

stab ility  o f  the m ixers in  fu ll w a ll co n stru c tio n . F igure  

7(a) and 6(b) sh o w  the fu ll w a ll p an el c o n stru c te d  w ith  

1 :6  cem en t to  sand m ix  and 1 :8  ce m e n t to  q u a rry  dust 

m ix. A s  it w as p ossib le  to  e x te n d  the m ixers that pass 

the c o n s tru c ta b ili ty  te s t  to  a fu ll  w a ll p a n e l 

c o n stru c tio n , co n stru c ta b ility  test d eem ed  adequate  

f o r  th e  s e le c t io n  o f  m ix  p r o p o r t i o n s  a n d  

w ate r/ cem en t ra tio  o f  m ixers in  the co n tin u o u s  

m a so n ry  co n stru c tio n . A n g u la r shape and co u rse  

aggregate su rface  tex tu re  o f  q u a rry  d u st has p ro b a b ly  

m ade the q u a rry  dust m ixers stable at h ig h er aggregate  

to cem en t ratios. S p h e rica l shape and sm o o th  su rfaces  

o f  sand has m ade it u n stab le  at h ig h er aggregate to  

cem en t ratios. Q u a rry  dust, being  the ch eap er o f  the

tw o  aggregate type and h ig h er aggregate to cem ent  

ra tios p ossib le  m akes it the ch eap er o f  the tw o  m ateria l 

fo r  the c o n s tru c tio n  o f  co n tin u o u s m a so n ry  w all 

panels. S tren g th  test w as c o n d u cted  o n ly  w ith  the 

m ixes w ith  m ax im u m  aggregate  to cem en t ra tio  as they  

are the m o st e c o n o m ic a l m ixes fo r  the w all panel 

co n stru c tio n .

Testing o f  wallpane Is f o r  compressive strength 
L o ad  b earin g  cap acity  o f  co n tin u o u s m a so n ry  w all 

panels are fo u n d  using  0 .6 m  lo n g  x 0 .4 5  m  h igh test 

p an el (see F igure 8). C o n tin u o u s  w a ll panels w ith  1:6  

cem ent: sand ratio , 1 :8  cem ent:: q u a rry  d u st ra tio  and  

c o n v e n tio n a l b rick  m a so n ry  o f  9 ”w id th  E nglish  b o n d  

(one b rick  w id th ) an d  h a lf  b rick  w ere  cast fo r  testing. 

A t  least th ere  sp ecim en s w e re  cast fo rm  each mix. 

C o n v e n t io n a l  b r ic k  s p e c im e n s  w e re  c a s t fo r  

c o m p a riso n  p u rp o se s  and th ey  w ere  cast fro m  b o th  

C lass I (1: 5 C e m e n t to  sand) and  C lass II (1 :7  C em en t  

to sand) m o rta r  designations. P re p a re d  w all panels  

w ere  tested  a fte r  2 8  days fro m  its p rep ara tion . 

C o n tin u o u s cu rin g  w as ca rried  o u t in  the first seven  

days. F igure 8 sh o w  the a rra n g e m en t used  fo r  testing  

m a so n ry  w all panels. In  all o f  the specim ens, tim b er 

p lanks w ere  u sed  at the to p  and  b o tto m  to avoid  

p ressu re  va ria tio n s o n  the w a ll d u rin g  testing. D ial 

gauges w ere  p laced  o n  the sp ecim en s to m easure  

ve rtica l d e fo rm a tio n  o f  w a ll w ith  the increasing  load.
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(a) 1:6 sand cem ent m ortar (b )l:8  Q uarry dust cem ent
Figure 7: Full wall panel construction w ith maximum aggregate to cem ent rado

Figure: 8 T esting  m a so n ry  w all panels fo r  co m p re ss io n

T able 1 sh ow s the co m p ress ive  stren gth  o f  the 
c o n t in u o u s  w a ll  p a n e ls  c o m p a r e d  w i th  th e  
co n ve n tio n a l m a so n ry  c o n stru c te d  w ith  d iffe re n t  
m o rta r designations. In term s o f  u ltim ate stress, 
con tin u o u s m a so n ry  is fo u n d  to  h ave  stren gth  in excess 
o f  7 -8  tim es o f  c o n ve n tio n a l m asonry. T h is is 4 -5  
tim es o f  the 9 inch  b u rn t clay bricks in  term s o f  load  
bearing  p er u n it length  o f  m asonry. T h e re fo re  it is clear

that the co n tin u o u s m a so n ry  w all panel is m uch m ore  
su p erio r in stru c tu ra l p e r fo rm a n c e  to the brick  
m a so n ry  and can  easily be used  as load  bearing  
m asonry. It is also seen that there is a significant 
im p ro ve m e n t in  the stren g th  o f  cu rren t con tinu ou s  
w all p an el co n stru c tio n  co m p a red  to the original slip 
fo rm  co n stru c tio n .

T able 1: C o m p ressive  stregn th  o f  d iffe re n t m a so n ry  w all pannels
M o to r P anel size Panel Type L o ad  (kN) S tren g th (N / m m 2)

1:7 4' brick 6 7 .7 1.23

1:7 9' brick 15 3 .3 1 .1 1 4

1:5 4' brick 13 0 .7 2 .3 7 5

1:5 9' brick 2 1 3 .7 1 .6 6 5

1:6 4' Continuous 
(Cement: sand mix) 890.0 11.81

1:8 4' Continuous
(Cement: Quarry dust mix) 748.0 10.39
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Cost analysis
As continuous masonry is a novel technique, there 
were no existing work norms for this method of 
construction. Therefore, a work study was conducted 
to find the relevant work norms for the method. This is 
carried out with die help of 3.5m x3.5 m full size wall 
panel. Table 2 shows the summery of time required for 
die various activities. The study was conducted by 
employing 4 people and it took 6 hours and 30 minutes 
to complete a full wall panel. The material requirement 
for the construction is tabulated in the Table 3. Table 4

shows the overall cost of construction expressed in 
terms of cost per square meter for the two types of 
aggregate considered in die study, compared with the 
conventional 9” brick masonry. The cost of 
construction In this analysis, unit price for the 9” 
conversional brick masonry is arrived using the work 
norms already published for such construction in 
building schedule of rates (BSR). Price for material and 
labour has been worked out at the prevailing rates in the 
market at the time of research (February 2008).

Table 2: Results of the time study on continuous masonry wall panel construction.

Activity Time taken
Mould assembly 40 min
Time for motor feeding and compaction per layer 
(4 inches of finish wall)

10 min

Total construction time for 3x3 m wall ( ^  100 square feet) 5 hr 30 min
Dismantling of the mould 10 min
Total time 6 hours and 30 minutes

Table 3: Material and Labour use in the construction of 3x3 wall panel.

Material and Labour Continuous masonry
Cement: sand(l:6)

Continuous masonry, Cement: 
Quarry Dust(l:8)

Cement (bag contain 50 k g ) 6 bags 3.5 bags
Sand in3 > 0.52cube -
Quarry Dust m3 - 0.42cube
Labour 4 persons for 6 ‘A hours 4 persons for 6 'A hours
Water: cement 0.5* 0.6*

* The reported water/cement ratios are based on the bone dry condition of sand and quarry dust. The above ratio 
can change based on the environmental conditions.

Table 4: Cost Comparison

Continuous masonry Cement: 
Quarry Dust (1:8)

Continuous masonry Cement: 
sand (1:6)

Conventional Double Brick 
Masonry Cement: Sand (1:5)

Rs 670.00 per m2 Rs 960.00 per m2 Rs 2145.33 per m2

The cost of construction of the continuos wall panel 
in the Table 4 does not include the cost absorption 
from the mould and modified demolishing hammer as 
it is still to early to make an good estimate on that for a 
square meter of wall. Initial investment on the mould 
was around Rs. 30,000/ = and the demolition hammer 
with customised drill bit to deliver compaction effort 
cost another Rs. 40,000/=. As these can be repeatedly

used for significantly large number of times, the cost 
per square meter is expected to be very small. 
Electricity power is also not accounted for due to 
variable tariff. During the work study, hammer (800 
Watts) is estimated to have worked 1/3 of the total 
duration of the construction and consumed about 2 
kWh of electricity for the 3.5m x3.5 m wall panel.
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Discussion and conclusions

Industry is always searching for economical, time 
saving construction methodologies which suits to 
replace the conventional methods. Continuous 
masonry construction is in the right direction to 
achieve those objectives. From the cost analysis it is 
clear that the continuous masonry can reduce the cost 
of construction. As larger cement to aggregate ratios 
can be used with quarry dust as fine aggregate saving 
can be even higher when quarry dust is used as the 
aggregate. Cost of construction quarry dust masonry 
is found to one third of that of conventional masonry. 
The cost comparison in the current cost analysis 
doesn't account for the initial expenses for mould and 
the compactor or die electricity consumed for the 
compaction. However, it is of the view that those 
elements of cost would not alter the above cost ratio in 
any significant way.

In terms of compressive behaviour it is found that 
continuous masonry perform far superior to 
conventional brick masonry and therefore is a better 
alternative for load bearing wall construction. 
Continuous masonry is homogeneous in its 
composition as against the brick masonry. Due to the 
existence o f bricks, layers o f m ortar and 
discontinuities in the form of bond between brick and 
masonry conventional masonry are non homogeneous 
materials. In the structural performance point of view, 
bond between the bricks and mortar is considered to 
be the weakest link especially when the brick panels are 
subjected to bending. Continuous masonry on the 
other hand has eliminated such weaknesses and 
therefore is expected to perform even better under 
flexural loading.

Semi-mechani2ed mould system which is developed to 
construct continuous masonry wall panels has been 
found very effective and has now been developed as a 
completely independent building system. Only 
disadvantage of this method is its lack of flexibility. If 
operated on one shutter length it can only produce wall

panel with multiples of the shutter length. «However, 
with proper planning, acceptable living spaces can be 
made with even one shutter length. By increasing the 
number of shutter lengths which can be easily arranged 
to mount to the same driving mechanism more 
flexibility can be introduced into the construction.
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