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Health Monitoring of Structures Using Modern Tools 
P. B. R. Dissanayake 

Abstract: The heal th moni tor ing of old s tructures is an essential par t in Civil Engineering. In Sri Lanka, 
there are a variety of old s t ructures such as s tupas , ancient monumei»Js, bui ldings, br idges, and dams . 
Some of these s t ructures (e.g. Stupas) are more than 2000 years old and are national t reasures. Other 
old s t ructures such as bui ldings , bridges, etc are nearly 100 years old and most of them dates backs to 
British colonial pe r iod . In teres t ingly , these a re still u sed in social life. Hence , appra i sa l of these 
s t ructures cons ider ing future existence and use is impor tan t at the nat ional level. But this is often 
difficult owing to the lack of defined methods . This paper describes h o w heal th moni tor ing can be done 
us ing analytical and exper imental considerat ions. In this context, three cases studies; namely, an old 
bui lding, an old reservoir and an old br idge, in relation to load carrying capacity and displacements 
are used as i l lustrative examples . 
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1. Introduction 

In today ' s rap id ly chang ing wor ld , the quali ty 
of h u m a n life a n d e c o n o m i c p r o g r e s s of a 
coun t ry d e p e n d on the quan t i t y , qua l i ty a n d 
eff ic iency of i ts i n f r a s t r u c t u r e s s y s t e m [1]. 
Everywhere a r o u n d the wor ld , there is a need 
for s i g n i f i c a n t i n v e s t m e n t to r e p a i r c ivi l 
infrastructures, wh ich are de te r iora t ing u n d e r 
heavy use, severe exposure condit ions, and age 
[1,2]. Economic depress ions that h a p p e n e d in 
m i d 1990's in the w o r l d h a v e in fact c aused 
more research expendi tu re on innovat ive heal th 
moni tor ing techniques that will enable o p t i m u m 
maintenance of s t ructures . 

Most of civil engineer ing s t ructures have three 
phases in their service life; design, construction 
a n d m a i n t e n a n c e . W i t h o u r k n o w l e d g e in 
structural engineer ing a n d present deve lopment 
of t e c h n o l o g y , d e s i g n a n d c o n s t r u c t i o n of 
s tructures are well defined tasks at present . It is 
a mat ter of following well-described codes and 
g u i d e l i n e s a n d e x e c u t i o n w i t h d e s i r a b l e 
c o n s t r u c t i o n t e c h n i q u e s . In c o n t r a s t , t h e 
m a i n t e n a n c e s t age of a s t r u c t u r e is the least 
a t t e n d e d s t age m o s t of the t ime . D u r i n g the 
maintenance stage, cont inuos heal th moni tor ing 
of s t r u c t u r e s is a n e s s e n t i a l p a r t . T h a t wi l l 
r educe the life cycle cost of the s t ruc tu re and 
enhance the performance of the s t ructure . 

There are n u m b e r of different types of heal th 
moni tor ing used for va ry ing purposes . Some are 
c o m p r e h e n s i v e a n d s o m e h a v e o n l y a n 
incidental s t ructural interest. It is often involved 
w i t h the ava i l ab le r e s o u r c e s . Since t he re a re 

m a n y types of s tructures, the process of heal th 
moni tor ing is different d e p e n d i n g on the type of 
s t ruc ture . Hence , hea l th m o n i t o r i n g as a first 
job, may become rather difficult to even a well 
qualified engineer. 

The first dec is ion tha t an inves t iga to r h a s to 
make is wha t to investigate and h o w to do it in 
o r d e r to a c h i e v e the p u r p o s e s . T h e key for 
sound appraisal is the correct identification of 
the cause or causes of s tructural damage . 

Most traditional bui ldings have a large factor of 
safety, which shields t hem from catas t rophe or 
progressive collapse, so that there is t ime for the 
invest igat ion to be t h o r o u g h , the w o r k be ing 
u n d e r n o c o m m e r c i a l p r e s s u r e s of t i m e a n d 
money. 

The impor tan t th ing wi th heal th moni tor ing of 
old structures is that it could determine whether 
any s t rengthening of the old bui ld ing is really 
needed . This heal th moni to r ing is par t icular ly 
important in cities like Kandy, which was named 
as a wor ld her i tage city by UNESCO. In such 
ci t ies , d e s i g n e r s a n d p l a n e r s a re faced w i t h 
problems of preserving historical buildings wi th 
the phase of development. In such circumstances, 
h e a l t h m o n i t o r i n g of o ld s t r u c t u r e s is of 
pa ramount importance. 
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2. Theoretical background of the 
health monitoring of structures 

It is impor tan t to be familiar wi th different terms 
used in heal th moni to r ing . Fur thermore , there 
s h o u l d be a c lear u n d e r s t a n d i n g of w a y s in 
which condit ion of s t ructures deteriorate. 

2.1 D a m a g e a n d decay 

The term d a m a g e is used to describe a si tuation 
in which a s t ructure has lost some or all of its 
bear ing capaci ty , a condi t ion that can lead to 
failure and collapse. D a m a g e is breaking away 
of e l e m e n t s , p e r m a n e n t d e f o r m a t i o n , o u t of 
p lumbness and etc. 

Decay or de te r io ra t ion is an a l tera t ion of the 
mate r ia l t ha t u s u a l l y l e ads to a r e d u c t i o n in 
resistance, increased britt leness, porosi ty and a 
loss of ma te r i a l t ha t u sua l ly beg ins from the 
outs ide and work inward . It is mainly related to 
p h y s i c a l o r c h e m i c a l a c t i o n s . C o r r o s i o n of 
reinforcement is a good example of decay. 

2.2 T h e or ig ins of d a m a g e a n d decay 

The origins of damage and deterioration can be 
attributed to one or more of the following factors. 

2.2.1 Lack of due care in the original design 

The safety of a cons t ruc t ion can n e v e r be an 
abso lu te ce r ta in ty , s ince it is affected by the 
u n c e r t a i n t y of e v a l u a t i o n of t h e v a r i o u s 
p h e n o m e n a a n d character is t ics a n d therefore 
d e p e n d s on probabil i t ies . Its s t reng th and the 
action to which it m a y be subjected m a y have 
more unfavourable values than those envisaged 
in its design. Safety coefficients by architects and 
e n g i n e e r s a r e d e s i g n e d to m e e t t h e s e 
uncertainties. 

Thus , the p robab i l i ty tha t s o m e event , as for 
e x a m p l e a n e a r t h q u a k e , m a y h a v e a m o r e 
serious effect on a s t ructure wi th regard to say 
damage or collapse than those envisaged in the 
design d e p e n d s on the degree of caut ion used 
w h e n the safety levels w e r e established at the 
des ign s tage. H o w e v e r , safety has a cost a n d 
even m o d e r n codes accept a certain probabili ty. 

2.2.2 Lack of scientific knowledge 

A p r o p e r u n d e r s t a n d i n g of t h e m a i n 
p h e n o m e n a t h a t i n c r e a s e t h e p r o b a b i l i t y of 

critical si tuations occurr ing can only be acquired 
t h r o u g h scientific k n o w l e d g e . In the case of 
a n c i e n t s t r u c t u r e s , t h e l ack of sc i en t i f i c 
k n o w l e d g e w a s u s u a l l y c o m p e n s a t e d b y 
practical experience and by construction of the 
structural componen t s wi th more than adequa te 
d i m e n s i o n s . W h e n i n n o v a t i v e s t r u c t u r a l 
concep ts arose , such as in the case of Goth ic 
c a t h e d r a l s , n u m e r o u s c o l l a p s e s a n d m u c h 
d a m a g e h a d to o c c u r b e f o r e t h e b u i l d e r s 
acquired the necessary experience a n d arr ived 
at a successful s t ructural solution. 

2.2.3 Use of construction beyond their life 
expectancy 

Every construction is des igned wi th a m o r e or 
less consciously p rede te rmined life expectancy. 
This concept is implici t in the formula t ion of 
m o d e r n codes , in w h i c h "safety coefficients" 
and the co r respond ing probabil i ty that critical 
s i tua t ion wil l ar ise , a re fixed in re la t ion to a 
cer ta in life expec tancy for the s t ruc ture . This 
m a y vary from decades to centuries, d e p e n d i n g 
on the more or less r ap id evolu t ion of factors 
such as functionality, convenience, maintenance 
costs, etc. 

A n c i e n t b u i l d i n g s h a v e of ten s u r v i v e d wel l 
beyond their life expectancies, so that damage , 
a n d especial ly w e a t h e r i n g a n d decay , can be 
considered normal phenomena . 

2.2.4 Errors and imperfections in the original 
design 

Progress in the field of cons t ruc t ion has been 
achieved more by intuit ion and experience than 
by scientific knowledge a n d therefore safety was 
e n s u r e d b y r e p e a t i n g s i m i l a r s h a p e s a n d 
dimensions . The deve lopment of forms, shapes 
a n d p ropor t i ons w a s based on earl ier mode l s 
and experiences that h a d p roved less p rone to 
d a m a g e and collapse, bu t even that rou te d id 
not totally avoid all risk. 

2.2.5 Introduction of new and unknown factors 

C o n s t r u c t i o n s m a y h a v e b e e n d e s i g n e d for 
condit ions different from those that effectively 
occur. Envi ronmenta l changes (speeding u p the 
process of deter iorat ion of materials), variat ions 
in the use of s t ructures (increased loads , etc.), 
s t r u c t u r a l a l t e r a t i o n s ( e x t e n s i o n s , p a r t i a l 
d e m o l i t i o n , e tc . ) , e a r t h w o r k s , ( e x c a v a t i o n s , 
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v a r i a t i o n s in w a t e r l e v e l s , e m b a n k m e n t s , 
Fillings, galleries) and ear thquakes in areas not 
or ig ina l ly c o n s i d e r e d se ismic a re a m o n g the 
principal causes of d a m a g e and decay. 

2.3 Kinds of damage 

2.3.1 The visible signs 

D e p e n d i n g o n t h e t y p e of m a t e r i a l a n d 
cons t ruc t ion , v is ible s igns of d a m a g e can be 
divided into three ma in categories: 

2.3.1.1 Crack in materials not resistant to tensile 
stresses 

This is mos t frequent in masonry , which has a 
v e r y l o w r e s i s t a n c e to t e n s i o n . In c o n c r e t e 
structures, cracks are normal ly associated wi th 
insufficient re inforcement . But this is no t the 
case in every t ime. It can be at t r ibuted to several 
other reasons as men t ioned in section 2.1 and 
2.2. 

2.3.1.2 Permanent deformations: 

These are par t icu lar ly l inked to the effects of 
b e n d i n g i n d u c e d b y o f f - c e n t r e l o a d s a n d 
h o r i z o n t a l t h r u s t s (a rches a n d etc) . A n o t h e r 
i m p o r t a n t f ac to r m a y b e r e l a t e d to soi l 
deformation. 

2.3.2 Cracks and cracks patterns 

Cracks are the mos t frequent sings of damage . 
The problem is thus to establish the relat ionship 
be tween crack pa t te rns and the dis tr ibut ion of 
forces, possible soil deformations, ear thquakes , 
etc. 

On actual bu i ld ings the p rob l em can be m a d e 
m o r e d i f f i cu l t b y t h e p r e s e n c e of loca l 
w e a k e n i n g ( c a v i t i e s , c r a c k s , e tc) o r 
s t r e n g t h e n i n g ( r e i n f o r c e m e n t in c o n c r e t e 
s t ruc tu res and chains) , w h i c h are no t a lways 
visible. 

In m a t e r i a l s u c h as m a s o n r y , w h i c h is n o t 
resistant to tension and is conceived essentially 
to wi ths tand only compress ion, the cracks in the 
tensile zones are the mos t visible signs. Their 
presence, however , is not usual ly an indication 
of dangerous si tuat ions. 

By i n c r e a s i n g fo rce s , o r a l t e r i n g t h e i r 
d i s t r i b u t i o n , c r a c k s t h a t i n i t i a l l y r e p r e s e n t 
merely the adjustment of the material to a new 
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s i tua t ion of equ i l i b r ium can sp read , unt i l , in 
some cases, especially w h e n compressed areas 
are involved, a mechan i sm leading to collapse 
can be induced. 

The z o n e s in w h i c h t h e c r a c k s first a p p e a r 
depend on the type of s t ructure and materials, 
t he p r e s e n c e of poss ib l e w e a k e r or s t r o n g e r 
zones, the distr ibution of the forces and finally 
the stresses. 

To identify the direction a long which the cracks 
will develop, the isostatic lines, being the lines 
a l o n g w h i c h the m a i n s t r e s se s f low, c a n be 
c o n s i d e r e d . C r a c k s i n i t i a l l y w i l l b e 
p e r p e n d i c u l a r to t h e t e n s i o n i sos ta t i c l ines , 
w h e r e the s t resses exceed the s t r eng th ; w i t h 
increas ing stress, these l ines m a y p rog res s in 
s l ight ly different d i r ec t ions s ince the c racks 
themselves change the original isostatic lines. 

Al though the evolut ion of the crack pat terns can 
only be fully identified us ing a s tep by s tep n o n 
l inear p r o c e d u r e , because of the p r o g r e s s i v e 
variat ions in the stiffness of the s t ructure . It is 
u s u a l l y p o s s i b l e t o m a k e a q u a l i t a t i v e 
e v a l u a t i o n of h o w the isos ta t ic l ines wi l l be 
changed from the initial cracks. 

The examinat ion of the pa t tern of cracking also 
makes it possible to identify the k ind of actions 
that p roduced them and consequent ly the cause 
of the actual damage . 

2.3.3 Crushing 

C r u s h i n g occurs w h e n c o m p r e s s i v e s t r e s ses 
r each the s t r e n g t h of m a t e r i a l s a n d is m o r e 
c o m p l e x t h a n p h e n o m e n a c a u s e d by tens i le 
stresses. 

As compress ion stresses increase, minu te cracks 
appea r main ly paral lel to the d i rec t ion of the 
s t r e s s . If t h e r e is n o l a t e r a l c o n s t r a i n t , t h e 
s i t u a t i o n c a n d e t e r i o r a t e u n t i l t r a n s v e r s a l 
swelling occurs, flakes become detached and the 
internal nucleus of the compressed e lement may 
sudden ly crumble. 

Crushing p h en o men a are extremely dangerous 
on account of the fact that they often give very 
l i t t l e w a r n i n g a n d c a n h a v e p o s s i b l e 
catastrophic consequences for a who le bui ld ing 
if adjacent structural e lements or areas are not 
able to compensa te in someway. 
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The visible signs of c rushing vary according to 
t h e m a t e r i a l s i n v o l v e d a n d m a y be b a r e l y 
detectable, or h idden and d u e to the small axial 
deformation involved can usually only be seen 
on the affected elements while no signs will be 
visible on other par ts of the construction. 

2.3.4 Diagnosis 

The above sections briefly described some of the 
most frequent causes of d a m a g e and failure and 
the co r r e spond ing signs visible on s t ruc tures . 
The des igner , howeve r , is in qui te a different 
s i t u a t i o n . S t a r t i n g f r o m h i s o b s e r v a t i o n of 
abnormal si tuations, he mus t identify the cause 
or more frequently, the under ly ing causes. 

This connection be tween an effect and its cause 
is compl ica ted by the in terac t ion of different 
e v e n t s o c c u r r i n g at v a r i o u s t imes . All these 
factors can alter and influence the damage and 
t h e r e s u l t i n g c r a c k p a t t e r n s , m a k i n g t h e 
designer 's task m u c h more difficult. 

The process of identifying the causes of d a m a g e 
in s tructures and decay in materials involve the 
use of different p rocedures or criteria, based on 
the observation of the bui lding. 

To improve the knowledge of the structural and 
material characteristics and obtain more reliable 
data it is usually necessary to carry out specific 
invest igat ions , some t imes us ing a mon i to r ing 
s y s t e m to r e c o r d t h e c h a n g e s in v a r i o u s 
p h e n o m e n a , so as to be t te r identify poss ib le 
causes. 

As in m e d i c i n e , a c o r r e c t a n d c o m p l e t e 
diagnosis can only be achieved if all the data 
and information are combined wi th intui t ion, 
experience and individual ability. 

3. Experimental measurements 

In m o s t t i m e in h e a l t h m o n i t o r i n g , s t r a i n s , 
d i sp lacements a n d accelerat ion are m e a s u r e d 
a n d e lec t r i ca l r e s i s t a n c e s t r a i n g a u g e s a n d 
d i sp l acemen t t r a n s d u c e r s a re used for s t ra in 
a n d d i s p l a c e m e n t m e a s u r e m e n t s . W h e r e the 
dynamic na ture of s t ructures is to be measured , 
acceleration gauges are used. 

The CDP-50 displacement t ransducer , shown in 
Figure 1, is a compact d isplacement t ransducer 
that is very easy to operate . Its large ou tpu t and 
exce l len t c o n s i s t e n c y e n s u r e h i g h - p r e c i s i o n 

Figure 1: CDP 50 Displacement Transducer 

Figure 2: Electrical Resistance Strain Gauge 

m e a s u r e m e n t s , whi le it can be used for bo th 
static and dynamic measurements . 

Electrical resistance strain gauges as s h o w n in 
Figure 2 are devices used to measure strains in 
bo th static and d y n a m i c load condi t ions . The 
data is acquired th rough TDS-303 data logger. It 
is a sensitive and accurate equ ipmen t used for 
recording displacement , strain, and acceleration 
m e a s u r e m e n t s , a n d it a l l o w s a u t o m a t i c 
record ing of data . Measu red da ta are p r in ted 
and recorded in the internal m e m o r y of the data 
logger or in a disk, which can be up loaded to the 
computer , via either GP-IB or RS 232C interface. 

4. Case Study I: Maligakanda Old 
Reservoir Wall 

The Mal igakanda service reservoir, built about 
120 years ago, has the internal d imensions of 192 
ft in length and wid th while the height is 45 ft. 
Later, all its four sides have been inter connected 
wi th a grid of prestressed concrete beams, 16 in 
e a c h d i r e c t i o n as s h o w n in t h e F i g u r e 3 . 
H o w e v e r s l id ing m o v e m e n t s in the concre te 
wal ls of the reservoir were suspec ted , and in 
order to assess the structural integrity of walls, 
an experimental and a numerica l analysis of a 
wall was carried out. The objective of this s tudy 
w a s to find ou t w h e t h e r the re a re significant 
movements in the wall due to water loading [3]. 
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4.1 Experimental set up 

It has been o b s e r v e d tha t m o v e m e n t s of the 
reservoir walls occur w h e n the reservoir is filled 
wi th water , and this usual ly h a p p e n s from 6 PM 
to 6 AM of the next date . As displacement was 
the main quant i ty to be checked, d isplacement 
t ransducers were at tached to the reservoir wall 
a n d d i s p l a c e m e n t s w e r e m e a s u r e d as t h e 
reservoir w a s being filled and also w h e n it was 
empt ied. 

4.2 Finite e lement analysis 

To identify the best s tructural mode l that suits 
t h e b e h a v i o u r of t h e w a l l a f in i te e l e m e n t 
analysis was carried ou t employ ing the general-
p u r p o s e package SAP2000.?Four p l ane s t ra in 
finite e l e m e n t m o d e l s w i t h v a r i o u s t y p e s of 
restrains were deve loped as ment ioned below, 
and the results from these finite e lement models 
w e r e c o m p a r e d w i t h field m e a s u r e m e n t s . A 
four meter w i d e strip of the wall was used in the 
a n a l y s i s . P r e s t r e s s i n g force a p p l i e d by t h e 
tendon on the wall was replaced by equivalent 
forces of 2900 kN at relevant nodes of the model . 
The prestressed concrete b e a m s were replaced 
by spr ing suppor t s wi th a stiffness value of 293 
k N / m m , which was calculated by consider ing 
both effects of concrete and steel tendons . The 
water pressure was appl ied to the inner surface 
of the wall taking the uni t weight of water as 10 
k N / m 3 . 

BUHS 

CSOS3 SECTION 

MAUCAIOKDA OLD RESEftvlon 

Figure 3: A view of the Maligakanda dam 

Model (1) : All Three t ranslat ional degrees of 
f r e e d o m s w e r e r e s t r a i n e d at the 
base of the wall and subjected 
to t h e w a t e r p r e s s u r e a t w a t e r 
h e i g h t of 6 m f r o m t h e b o t t o m . 
(Base is la teral ly fixed and wa te r 
height is 6m) 

Model (2) : La t e r a l t r a n s l a t i o n a l d e g r e e of 
freedom is free (allow to move) and 
other two translat ional degrees of 
freedoms are restrained at the base of 
the wall and subjected to the water 
pressure at water height of 6m from 
the bottom. (Base is laterally free and 
water height is 6m) 

Model (3) : All Three t ransla t ional degrees of 
freedoms are restrained at the base of 
the wall and subjected to the water 
p r e s s u r e at w a t e r he igh t of 8.5m 
from the bot tom. (Base is laterally 
fixed and water height is 8.5m) 

Model (4) : La t e r a l t r a n s l a t i o n a l d e g r e e of 
freedom is free (allow to move) and 
other two t ranslat ional degrees of 
freedoms are restrained at the base of 
the wall and subjected to the water 
p r e s s u r e at w a t e r he igh t of 8.5m 
from the bot tom. (Base is laterally 
free and water height is 8.5m). 

4.3 Validation of the Finite Element Model 

Validation of model was carried by compar ing 
the resul ts t aken from the analysis w i th those 
from field tests. Pressure loading, as the water 
h e i g h t r ises from 6.0 m to 8.5 m h e i g h t w a s 
t aken as the load act ion on the wal l . For the 
compar ison of results change of displacement 
were considered separately in Models (1) & (3)-
(Base is laterally fixed whose lateral stiffness is 
infinity) and Mode l (2) & (4)-(Base is laterally 
free whose lateral stiffness is zero). Then, these 
r e s u l t s w e r e c o m p a r e d w i t h a c t u a l f ie ld 
measurements . 

These results suggest that the behaviour of the 
Wall is in between laterally base fixed and base 
free conditions. This means that there is a sliding 
at the base and this can be modelled us ing spr ing 
supports . Interpolating linearly the extreme cases 
the stiffness value w a s de t e rmined as 1 9 5 k N / 
m m per meter length of the Wall. 

4.4 Results and conclusions 

The results s h o w that there is good agreement 
a m o n g analytical results from the FE Model and 
measurements . Hence, it m a y be concluded that 
the FE model is va l idated and it can be used in 
o ther analyses invo lv ing different l oad ing on 
the wall. 
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From the resu l t s ob t a ined , it w a s found tha t 
no rma l ly the p re s t r e s sed b e a m s take a r o u n d 
30% of lateral water load and the rest is taken by 
the soil backfil l a n d base of g rav i ty wal l in 
friction. Cons ide r ing reservoir e m p t y stage as 
the initial position, the total sliding of base of the 
g r a v i t y w a l l is 4 .90 m m a n d m a x i m u m 
displacement at top is 5.39 m m . 

E x p e r i m e n t a l a n d a n a l y t i c a l i n v e s t i g a t i o n s 
s h o w tha t t he r e is s l i d ing at the base of the 
gravity wall d u e to water load, though the post 
tensioned beams are present . The walls will not 
be s t ab le a g a i n s t s l i d ing if t he pos t t e n s i o n 
beams loose their effect. Consider ing the above 
factors it could be said that the risk of failure of 
the r e se rvo i r c a n n o t be eas i ly i g n o r e d . This 
reveals that this old reservoir is in a structurally 
doubtful stage for future services. 

5. Case study II: Galle Face Hotel 

The selected s t ructure for the health moni tor ing 
is a par t of the Galle Face Hotel in Colombo. It is 
a steel f ramed s t ruc tu re h a v i n g four s toreys , 
constructed in the 1880's [4]. Figure 4 shows an 
outs ide view of the bui lding. 

As t h e b u i l d i n g is o n t h e s e a f r o n t , h e a v y 
c o r r o s i o n h a s t a k e n p l a c e in s t r u c t u r a l 
c o m p o n e n t s s u c h a s c o l u m n s a n d b e a m s . 
Recently, t he b u i l d i n g w a s rehabi l i ta ted wi th 
some s t ructural repair and modifications such 
as weld ing plates at places where there is loss of 
material d u e to corrosion [5]. The objective of 
the s tudy was to find out whe ther the original 
b u i l d i n g c o u l d sa fe ly b e u s e d w i t h t h e s e 
modifications. 

T o w a r d s th i s ob jec t ive , l o a d t e s t i n g of t h e 
b u i l d i n g w a s c a r r i e d o u t . D i s p l a c e m e n t 
t r ansducers w e r e fixed to flange pla tes of the 
several co lumns as s h o w n in Figure 5, and strain 
g a u g e s w e r e a l s o a t t a c h e d to t h e r e p a i r e d 
sections as indicated in Figure 6. Displacements 
and strains were measu red wi th imposed loads 
on f loors, a n d w e r e i n t e r p r e t e d t h r o u g h the 
Data Logger TDS-303. 

As per the Codes [6 & 7], test load to be applied 
pe r f loor is 1.05 k N / m 2 a n d t h e to t a l l oad 
applied for all four floors is 4.2 k N / m 2 . Since the 
interest was on the co lumns in the g round floor, 
a load of 1.5 k N / m 2 each for first and second 
floors, and a load of 1.2 k N / m 2 for the thi rd 

f 

Figure 4: An outside view of the building 

Figure 5: Displacement transducers in measuring 
displacement 

Figure 6: Strain Gauges attached to the columns 
of the wall 

floor, w e r e a p p l i e d . This wil l g ive the s a m e 
effect on the g r o u n d floor c o l u m n s as the 4.2 
k N / m 2 total load. 

5.1 Resul t s a n d conc lus ions 

F r o m the o b s e r v e d s t r a i n s at s o m e se lec ted 
locat ions a n d c o m p u t e d s t resses , it w a s seen 
that in some repaired sections of the co lumns , 
stresses are not evenly distr ibuted. This may be 
d u e to the u n e v e n connec t i ons a n d stiffness 
v a r i a t i o n s of the c o n n e c t i o n s , g iv ing r i se to 
unsymmetr ica l bend ing of the connected plates 
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of the repai red sections. This will give rise to 
b e n d i n g in o ther pa r t s of the co lumn as well. 
Except at one location at the repaired section of 
a t e s t e d c o l u m n , s t r e s s e s f o u n d u n d e r t h e 
applied loading were low. 

6. Case Study III: Reinforced 
concrete deck bridge at Elhera 

T h e b r i d g e ( 4 3 / 2 ) s i t u a t e d N a u l a - E l h e r a -
K a l u g a g a (B312) r o a d w a s e v a l u a t e d for its 
cu r ren t condi t ions . It is a reinforced concrete 
d e c k b r i d g e w i t h r a n d o m r u b b l e m a s o n r y 
abu tments and it was constructed in 1979. Views 
of the br idge are as s h o w n in Figures 7 & 8. 

Figure 7: A View of the case study bridge 
(bridge Number 43/2) in B312 route 

Undernea th the br idge deck, reinforcement has 
been exposed and corroded heavily. There is a 
need to es t imate the cu r ren t cond i t ion of the 
b r i d g e o v e r t h e n o r m a l traffic f low of t h i s 
br idge. 

Figure 8: A side view of the case study bridge 

This b r i d g e w a s e v a l u a t e d to check for i ts 
current serviceability condi t ions . Strain gauges 
were at tached and response of the br idge was 
m e a s u r e d d u e to ac tua l vehic le p a s s a g e . In 
a d d i t i o n , w i t h t h e e x p e r i m e n t a l f i n d i n g s , 
theoretically wi th the use of s tructural reliability 
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t heo ry , c u r r e n t c o n d i t i o n of the b r i d g e w a s 
e s t i m a t e d . Tab le 1 s h o w s the r e s u l t s of the 
reliability calculations [8]. From these analyses, 
it was found that current ly the condit ion of the 
br idge is satisfactory even though corrosion has 
been on reinforcements. 

7. Future of health monitoring 

The future of heal th mon i to r ing of s t ruc tures 
seems to be rather optimistic as more and more 
i n n o v a t i v e t e c h n i q u e s a n d i n s t r u m e n t s a r e 
i n t r o d u c e d . O n e such area is s m a r t sens ing . 
These are wireless sensors once at tached to the 
structure, it t ransmits the information to central 
p r o c e s s i n g u n i t . A s s u c h , d u r i n g t h e 
construction stage, these sensors can be at tached 
to t h e s t r u c t u r e a n d t hey wi l l t r a n s m i t the 
deteriorat ion process and based on information, 
heal th moni tor ing of s t ruc tures can be carried 
out and proper maintenance can be effected at 
the right t ime. 

Table 1: Summary of the reliability calculation 

Case Reliability 
index/([i) 

Failure 
probability/(P f) 

Case I: COV 
(A) required = 0 

4.14 1.5 xW5 

Casell: COV 
(A)required = .05 

3.92 4A x Ws 

Caselll: COV 
(A)required = 0.1 

3.42 
• 

3.1xW4 

8. Conclusions 

Heal th m o n i t o r i n g of old s t ruc tu re s involves 
detective work, but wi th the use of modern tools 
for experimental and analytical investigation, a 
satisfactory evaluat ion can be m a d e . Thereby, 
impor tant decisions can be m a d e regarding their 
r emain ing service life and w h e t h e r they need 
more maintenance to assure the safety of their 
occupants . 

Acknowledgement 

T h e a u t h o r l i kes to e x p r e s s h i s s i n c e r e 
a c k n o w l e d g e m e n t to Prof. M. P. R a n a w e e r a , 
Dep t . of Civi l E n g i n e e r i n g of U n i v e r s i t y of 
Peradeniya for the valuable contr ibut ions given 
in the case s tudy works . 



References 

1. Atashi, M., Lachemi M. and Kianoush (2007). 
Numerical modeling of the behavior of overlaid 
slab panels for reinforced concrete bridge decks, 
Journal of Engineering Structures, ELSEVIER, 29 
(2), pp. 271-281. 

2. Kong, J.S. and Frangopol, D.M. (2004). Cost-
Reliability interaction in life-cycle cost 
optimization of deteriorating structures, Journal 
of Structural Engineering, ASCE, 130 (11), pp. 
1704-1712. 

3. M.P.Ranaweera and P.B.R.Dissanayake (2003), 
Determination of the current state of the 
Maligakanda old reservoir wall of National Water 
Supply and Drainage Board, Engineering Design 
Centre, University of Peradeniya, Peradeniya, Sri 
Lanka. 

4. M.P.Ranaweera and P.B.R.Dissanayake (2003), 
Load Testing of column being repaired at Gall 
face Hotel Colombo, Engineering Design Centre, 
University of Peradeniya, Peradeniya, Sri Lanka. 

5. P.B.R.Dissanayake and M.P.Ranaweera (2004), 
Condition Evaluation of Old Structures, Proc. Of 
Annual session of IESL Central Province Kandy, 
Sri Lanka. 

6. BS 8110-1 Structural use of concrete Part 1: Code 
of practice for design and construction (1997), 
British Standard Institute, UK 

7. ES 6399 Loading for Buildings - Part 1: Code of 
Practice for Dead and Imposed Loads (1984), 
British Standard Institute, UK. 

8. P.A.K. Karunananda, Service life prediction of 
bridges using structural reliability theory, (M. 
Phil. Thesis 2004), University of Peradeniya, Sri 
Lanka. 

55 ENGINEER 


