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Abstract: 

For over 30 years various micro and macro models have been used for analysing masonry, 

but  no strong consensus within the structural engineering community exists as to usage. Se-

lect ion remains driven by  field scenarios, cost restrict ions, and level of result detail needed. 

This paper contributes to this discussion by  comparing micro and macro models of build-

ings subjected to excavat ion-induced ground movements. A smeared crack model is used to 

represent cracking in bricks and mortar joints, and the brick structure is modelled as an iso-

trop ic cont inuum. In the macro model, a homogeneous procedure employed is an alterna-

t ive approach for determining mechanical p ropert ies of a basic cell. Results are compared 

to large-scale modelling work. Respect ive advantages and disadvantages are shown. 

 

Key  words: micro modeling; macro modeling; homogenizat ion technique; smeared crack 

model; large-scale model test ; building damage  

Introduction 

Prior to World War II, the p redominant  urban building material in Europe and North Amer-

ica was brick. These structures reflect the fabric and architectural heritage of many  of those 

cit ies. In a combinat ion of heightened sensibilit ies about  both sustainability  and cultural 

preservat ion, p rotect ion from subsurface construct ion works is gaining importance. Unfor-

tunately , their low tensile and shear capacit ies make them especially  vulnerable to sett le-

ment . Accurate p redict ion under such circumstances is vital to damage minimizat ion.  

Since the early  1980’s , significant  advances have been made in the analyzing of unrein-

forced masonry  (Page 1978; Drysdale 1982; Loft i and Shing 1991; Pietruszczak and Niu 

1992; Lourenço 1996a; Anthoine 1997; Anthoine 1997; de Buhan and de Felice 1997; 

Pluijm 1997; Zucchini and Lourenco 2002; Vermelt foort 2005; Wu and Hao 2005; Zucchi-

ni and Lourenco 2007). In parallel, a large number of experiments have been conducted to 

obtain material characterist ics of masonry  structures, as well as tests of components sub-

jected to different  loading condit ions  (Drysdale 1982; Binda, Fontana et  al. 1988; Vermelt -

foort  2005). These contribut ions provided crit ical insights into failure mechanism develop-

ments and failure surface shapes for various stress states, such as compression-compression 

and compression-tension, as well as tension-tension. With development  of numerical me-

thods and computat ion power, various strat egies and failure criteria have been developed to 

model realist ic behavior. However, describing the complex behavior of  the bricks/mortar 

joint  interface in a global context  remains a challenge. During adjacent  excavat ion, nearby 

buildings often sett le. Empirically -based, damage crit eria has been widely  adopted (Burland 

and Wroth 1974; Boscarding and Cording 1989; Burd 1995; Boone 1996). However, these 
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mainly  focus on the generat ion of a trough profile and select ion of single mechanical para-

meters (e.g. Young’s modulus and shear modulus) to describe the structure’s overall per-

formance. There is also an assumpt ion that  the building can be represented as a simple deep 

beam, with associated simplificat ion of mode shapes. Arguably several important top ics are 

not  considered such as soil-structure interact ion, localized st iffness variat ions, and the load 

transfer mechanisms provided by diaphragms and roofs. This more inclusive input sets is 

likely  to p roduce improved results.  

This paper invest igated adapt ive modeling strategies, through micro modeling and macro 

modeling to p rovide p arameters for damage predict ion for buildings subjected to excava-

t ion-induced movements. Damage levels were assessed based on criteria in exist ing liter a-

ture and current  codes. A smeared crack model was app lied, and the onset of cracking of 

was predicted by a failure criterion expressed by the William-Warnke failure criterion. Fur-

thermore, the Drucker-Prager y ield criterion with an associated flow rule was used to model 

non-linear propert ies of masonry  components. Through this  study , differences between the 

micro and macro model were established. Laboratory  experiments provided disp lacement 

data against  which to benchmark the performance of the various models within ANSYS
®

.   

Background 

Masonry  is an anisotrop ic composite material, so modeling depends upon unit  and joint 

size, and modeling can be performed with different detail levels (Lourenço 1996a; J. Lopez 

1999) as shown in  fig. 1. In detailed micro modeling, bricks and mortar are represented by 

cont inuous elements and are modeled separately , whereas the interface behavior between 

brick and mortar is shown by  discont inuous elements. In this model, all component charac-

terist ics can be considered, thus more fully  reflect ing real component  behavior. 

Bed joint

Interface

Brick

a) b)

MortarBrick

Interface

Brick/mortar

d)c)

Brick elementInterface element Continuum element

Head joint

 
Figure 1. M asonry  modeling strategies: a) masonry  sample; b) detailed micro modeling; c) 

simplified micro modeling; d) macro modeling 

In simplified micro modeling, expanded units are represented by  cont inuous elements and 

mortar joints and the interface by  discont inuous elements. With this model, mortar joints 

are ignored and rep laced by interface elements, whose characterist ics are based on interface 

behavior. In macro modeling, bricks, mortar joints , and interface are globally  represented 

by  a single element . Mechanical propert ies of homogenous elements must represent the 

overall structure. Data is obtained experimentally  or through a homogenizat ion technique ( 

Rivieccio 2005; Wu and Hao 2005; Zucchini and Lourenco 2007) .    
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Large scale model  test 

A high vulnerability , prototype building subjected to excavat ion-induced ground move-

ments was chosen for large-scale, model test ing (Laefer 2001). A two-story unreinforced 

masonry  building to represent a small to medium, resident ial or commercial structure from 

the early  20
th

 century  was constructed at 1/10
th
 scale (largest  scale that could be accommo-

dated in the test ing chamber). The model was made of individually  laid bricks in a lime put -

ty mortar (Table 1). The structure had a single wythe and six windows per story . The exca-

vat ion system was a sheetp ile wall with t ie-backs (fig. 2). Kinemat ic, as and geometric, si-

militude was upheld (Table 1 and fig. 2); see building details on fig. 3. 

Table 1. Summary  of dimensional characterist ics of prototype and scale models  

Aspects Prototype Scale model 
Excavat ion depth (m) 12.192 1.219 
Lot  width (m) 7.620 0.762 
Lot  depth (m) 24.384 2.438 
Building width (m) 6.096 0.610 
Building depth (m) 18.300 1.830 
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*Note: numbers in bracket  were used for Pit5W 

Figure 2. Schemat ic of test ing arrangement 

The smallest  commercially  available ext ruded bricks (1/4
th

 scale) were chosen to rep licate 

the prototype bricks, The units were shipped unfired from Belden Brick Co. to the Univer-

sity of Illinois at  Urbana-Champaign, where they were dried and fired to generate strengths 

only 1/10
th
 of compressive strength of prototype bricks to comply  with scaling require-

ments. Similarly , the mortar was designed to rep licate a type N mortar (1:1:6 ce-

ment :lime:sand) mixture. The lintels 1.58mm thick were made from oak. The mechanical 
propert ies of components of the large-scale brick structure model adopted are in Table 2. 
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Windows: 125x140mm Wood lintels: oak type

Thickness 1.58mm

Chairs

Bay 1 Bay 2 Bay 3

610mm 610mm 610mm

1830mm

6
1
0
m

m

 

Figure 3. Details of a masonry  structure for physical model tests 

Table 2. M echanical p ropert ies of the masonry  components 
Aspects Brick Mortar Lintels

 

Dimensions (mm) 57.86x 15.24x 29.75 3.21
(a)

, 2.25
(b ) 

1.58 
Mass density  (Kg/m3) 1,783.9 1,557.9 674 
Compressive strength (MPa) 19.66 1.310 N/A 
Tensile strength (MPa) 5.00 0. 152 N/A 
Elast ic modulus (MPa) 81.28 27.58 11,700 
Poisson’s rat io 0.25 0.30 0.25 

* Note: (a) head joint  thickness; (b) bed joint  thickness 

The scale-model tests Pit4 and Pit5 were analyzed. Each test  included two ident ical, unrein-

forced buildings named West  and East  building subjected to different loads. Data was used 

from buildings Pit4E and Pit5W, which respect ively had shallow foot ings under light  loads 

and deep  foot ings subjected to heavy  loads  (Table 3). Disp lacements were recorded at mul-

t ip le stages. Three points were of special interest :  i) just  before tensioning of the first t ied-

back anchors – corresponding to a depth of 0.305m (represent ing 25% of the excavat ion’s 

final depth) in Test  4 and to a depth of 0.178m (represent ing 14.6% of the excavat ion’s f i-

nal depth) in Test  5; ii) immediately  before tensioning of the third t ied-back anchors at 

0.914m (75%) in the Test  4 and 0.787m (64.6%) in the Test  5, respect ively , and iii) at  de-

sign grade corresponding to 1.22m (100%) in Test  4 and 1.09m (89.4%) in test  5.  

Table 3. Summarized vert ical loads on the scale model test 
Aspects  Pit4E Pit5W 
Self-weight  building (kg) 45.36 45.36 
Top  building (N) 889.64 1779.29 
Top  windows (N) 222.41 222.41 
Bottom window (N) 222.41 222.41 
Foot ings (N) 222.41 222.41 
Total external loads (N) 1668.7 2579.95 

Numerical  analyses 

Non-linear analysis of the brick buildings was conducted using ANSYS
®

, V11.0. The three-

dimensional (3D) element , Solid65 was used to model the brick structure, which was de-
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fined by 8 nodes each with 3 degrees of freedom, isot rop ic behavior, and 2x2x2 integrat ion 

points. The element  can cracking in tension and crushing in compression. The smeared 

crack model was used to model crack patterns of cont inuous elements. Cracking and crush-

ing in solid65 was evaluated with five parameters as part  of the William-Warnke failure cri-

terion, which was init ially  developed for concrete but  has been app lied to a wide range of 

britt le materials (William and Warnke 1975). The failure criterion was defined by means of 

ult imate tensile st rength (ft) and ult imate compressive strength (fc), in which the stress 

space of the failure surface must  be considered as 0 ≤  ≤60
0 

(William and Warnke 1975) 

and three addit ional parameters:  ult imate biaxial compressive strength (fcb), ult imate com-

pressive strength for a state of biaxial compression superimposed on hydrostat ic stress state 

(f1), and ult imate compressive strength for a state of uniaxial compression superimposed on 

hydrostat ic stress state (f2). These were defined by  default  values in the p rogram:  fcb = 

1.2fc , f1 = 1.45fc  and f2 = 1.725fc  (ANSYS). A crack at  the integrat ion points of each ele-

ment was represented through the modificat ion of the stress -strain relat ionship . The crack 

occurs at  the principal weakness p lane, when the principal stress is lower than the tensile 

strength of each material component . For considerat ion of subsequent  loads that induce 

sliding across a crack p lane, the shear transfer coefficients  are introduced:   t for open 

cracks and c  for re-closed cracks. Values of 0.2 and 0.8 for  t and c , respect ively  were 

chosen and the failure criterion for mult i-axial stress state equat ion 1 (ANSYS) 

0S
f

F

c

         (1) 

where F is a funct ion of the principal stress state, and S is a failure surface expressed in 

terms of p rincipal stress and five input parameters f t, fc , fcb, f1 and f2 unaxial crushing 

strength. If equat ion 1 is sat isfied, the material w ill crush or crack. 

The Drucker-Prager y ield criterion (Equat ion 2) with its associated flow rule and no har-

dening rule (referring to an elast ic-perfect ly p last ic behavior) was implemented for per-

forming p last ic behavior.   

kJIf 21         (2) 

where I1 and J2 are the first invariant  stress and the second deviatoric stress invariant , and  

and k are defined as equat ions 3 and 4 respect ively 

 f

f

sin33

sin2




        (3) 

 f

f

sin33

cosc6
k




        (4) 

where f and c are, respect ively , the frict ion angle and internal cohesion.  

Addit ionally , t o describe the Drucker-Prager y ield criterion in ANSYS
®

, the frict ion and di-

latancy angles. Values of 35˚and 5˚ for bricks, mortar joints as well as homogenous ele-

ments were used. According to Zucchini and Lourenco (2007), the internal cohesion can be 

determined through the uniaxial experimental y ield stress in compression, c  
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f
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cos2

sin1
c 




         5) 

Furthermore, as failure through other elements was not expected, solid45 was used to mod-

el lintels and foot ings, and both targe170 and conta173 were employed as interface  ele-

ments between the lintels and structure, and between the structure and foot ings. Contact  be-

tween lintel and mortar joints was assumed to allow the lintels to slide freely , whereas a 

Coulomb frict ion model was for contact  at  the wall/foot ing interface, with values of the 

frict ion coefficient  and internal cohesion respect ively  35˚ and 20.7kPa. A non-linear solu-

t ion was undertaken via a full Newton-Raphson interact ive solut ion algorithm, with dis-

p lacement  convergence. A converged solut ion was obtained once disp lacement  changes 

(checked as the square root  sum of the squares) was less than or equal to 0.05 (ANSYS). 

Description of detailed micro modeling 

Init ially , the detailed micro modeling st rategy  was used. The mechanical propert ies (Table 

2) were calibrated to the component laboratory tests. The micro numerical model included 

19816 nodes and 10162 elements (fig. 4a). The structure was subjected to self-weight , ex-

ternal vert ical loads, and excavat ion-induced disp lacements. Boundary  condit ions were as-

sumed fixed at  the bottom of the foot ings. Applied loads and self-weight  for the numerical 

model were ident ical to the physical model test  by  mean of load steps. Self-weight  was de-

fined based on gravitat ional accelerat ion and density and volume of each material. Dis-

p lacements were constrained at load app licat ion points, and disp lacement values at the 

nodes were determined by  linear interpolat ion from discrete test  readings . 

  
a) FE mesh of micro model b) FE mesh of macro model 

Figure 4. Finite element  model in ANSYS® simulated the large scale-model test  – PiT5W 

Description of macro modeling model 

The macro modeling p rocess was the same as that  for the micro model. Homogenized prop-

ert ies were determined through a Representat ive Volume Element  (RVE), which is defined 

by  average stress and strain of these components from numerical analysis, for which exp e-

rimental mechanical p ropert ies are used as the init ial inputs. To obtain overall mechan ical 

propert ies of the basic cell, each loading condit ion was app lied to the basic cell associated 

with the x, y , and z direct ions. These averaged values were defined as 



V

ijij dV
V

1
        (6) 
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V

ijij dV
V

1
        (7) 

where V is the volume of the basic cell, and ij and ij are the element’s stress and strain.  

The basic cell includes bricks and mortar joints (bed and head) (fig. 5a and Table 2). As the 

3D basic cell’s geometry was symmetric, analysis was performed on 1/8
th

 of it . The 

brick/mortar interface was assumed to be perfect ly  bonded. The mesh (see fig. 5b) had 

6699 nodes and 5600 elements. The solid65 element  was employed for modeling both 

bricks and mortar joints. For performing non-linear behavior of the basic cell, the Drucker-

Prager y ield criterion was used to simulate p last icity behavior in compressive, and the Ran-

kine model for determining tensile cracking (Zucchini and Lourenco 2002). 

 

 

a) FE mesh of the basic cell  b) FE mesh of the 1/8th basic cell 

Figure 5. Finite element  meshes homogenous technique 

Through simulat ion of the stress-strain relat ionship  of the basic cell, the equivalent  elast ic 

modulus and Poisson’s rat io can be derived from unaxial tensile and compressive loading 

model via p reviously  p ioneered definit ions (e.g. Rivieccio 2005; Wu and Hao 2005):.  
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                (10) 

where xx , y y , and zz  are averaged tensile or compressive stress along X, Y, Z direc-

t ion under unaxial tensile or compressive load, and xx , y y  and are, respect ively , aver-

aged st rain of the basic cell along X, Y, Z direct ion similarly  subjected. The equivalent 

elast ic mechanical p ropert ies of the basic cell are compared to the analyt ical solut ions (Ta-

ble 4). Only  small differences appear. Thus the elast ic modulus Eyy (59.41MPa), compres-

sive strength fcy (4.28MPa), tensile strength f tx (0.131MPa), as well as Poisson’s rat io are 

adopted for macro elements, which behaved as isotrop ic. The macro model (Fig. 4b) for 

Pit5W consisted 6018 nodes and 3133 elements. 

Mortar joints Bricks 
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Table 4. Comparison between analyt ical solut ion and the FEM results 

Aspects M icro mechanical model (Zuc-
chini and Lourenco 2002) 

This 
study 

Elast ic modulus Exx (MPa) 70.34 75.78 

Elast ic modulus Eyy (MPa) 72.15 59.41 
Ult imate compressive strength fcx (MPa)  1.31 

Ult imate compressive strength fcy (MPa)  4.280 

Ult imate tensile st rength f tx (MPa)  0.131 
Ult imate tensile st rength f ty  (MPa)  0.138 

Poisson’s rat io vxy 0.253 0.242 

Results and discussion 

Building movements at  each const ruct ion stage in the physical test  were imposed at  the bot -

tom of the building. In all cases , physical test  results closely  reflected the numerical solu-

t ions. As, the focus of this paper was to invest igate divergences between the micro and ma-

cro models, the experimental disp lacements may  be considered as benchmarks.  
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Figure 6. Disp lacements of the top  East  building of test  4 at  the design excavat ion stage 
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Figure 7. Disp lacements of the top  West  building of test  5 at  the design excavat ion stage 

Numerical analyses were conducted for the 3 aforement ioned excavat ion stages of both 

physical tests. Most  results show extremely  good agreement  between numerical solut ion 

and the physical test . Only  the last stage is shown in Fig. 6 and Fig. 7 corresponding to 

Pit4E and PiT5W due to space limitat ions.  
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Generally , the micro model vert ical disp lacements agreed more closely  to the physical test 

results than the macro model’s, although Pit5W at  the façade the absolute different  between 

the vert ical disp lacements from the macro model and the phys ical test was about  1.31% 

,lower than with the micro model  which was around 5.63%. The vert ical disp lacements 

from the physical test , micro model, and macro model were respect ively  -4.928mm, -4.650, 

and -4.863mm. Similar to Pit5W, in the Pit4E test  at the façade, vert ical disp lacement  from 

the macro model was -5.698mm, -5.686mm from the micro model, which 4.54% and 4.74% 

different  from the physical test  respect ively , (-5.969mm). However, the minimum vert ical 

disp lacement  from the micro model better agrees with the large scale model test . Pit4E and 

the Pit5W were -0.119mm about 6.3% and 0.214mm about  21.39% of the physical test  re-

spect ively , while the macro model for Pit4E and the Pit5W was -0.049mm (61.42% of the 

experimental) and -0.078mm (63.44% of the experimental) respect ively . 

Fig. 6 and Fig. 7 show close agreement between then horizontal disp lacements at the top  of 

the building (Pit4E and Pit5W) with the micro model. The highest  absolute difference was 

15.22% for Pit4E at  the right  bay 2, and the smallest difference 0.71% at the left bay  1. 

Most are within 10%. There is good agreement between the macro model and the experi-

ments in the horizontal movement at the top  of bay 1 in Pit4E and in bay 2 of Pit5W. How-

ever, most  other areas have substant ially  poorer correlat ion. For example in Pit4E in bay  3, 

these vary  18.87%-28.79% or in Pit5W 24.12%-31.18%. Generally , the macro model over-

predicts horizontal disp lacement s. 

Another considerat ion is computat ional costs including CPU t ime, storage, competence, 

human cost , and computer hardware. All models were run on a Precision Workstat ion 

T5400 Intel(R) Pent ium (R) Xeon (8CPU) 2GHz with 8190Mb RAM. The micro model re-

quired more than 6 t imes the CPU t ime (1496.9s vs 228.28s CPU) than the macro model for 

Pit4E for the design grade respect ively  and 517.44s and 433.94s for the micro and the ma-

cro model because of the higher loads app lied in Pit4E. The micro model also required 

much more memory for data storage. For Pit4E model 240Mb for the data file and 1.56Gb 

for the result s, and 2.4Gb for all data. The respect ive numbers for the macro model are only 

16.3Mb, 0.163Mb, and 0.292Gb. The micro model requires approximately ten t imes the r e-

sources of the macro model.   

Conclusions  

The micro model generated marginally  better results than the macro but required approx-

imately  ten t imes the resources. The macro model was less successful in p redict ing horizon-

tal movements due to the anisot ropy of the masonry . The comparison shows that the macro 

model can p rovide a general response of building subjected to excavat ion-induced ground 

movements, but fails to reliably  report the horizontal movements, which are arguably the 

more crit ical for unreinforced masonry  st ructures , as they  tend to represent  the tensile 

forces which control cracking.   

Acknowledgements  

The experimental were funded by  the Nat ional Science Foundat ion (CMMI9713854) and 

UIUC, and the computat ional port ion by  Science Foundat ion Ireland (SFI/PICA/I850) 

References 

 ANSYS
®

 Academic Research, Release 11.0, Help  System, Theory  Ref.s, ANSYS, Inc.  



  Page 10/10 

Anthoine, A. (1997). "Homogenizat ion of periodic masonry : Plane stress, generalized p lane 

strain or 3D modelling?" Communicat ions in Numerical Methods in Eng 13(5): 319-326. 

Anthoine, A. (1997). "Homogenizat ion of Periodic M asonry : Plane St ress, Generalized 

Plane St rain or 3D Modelling?" Comm.s in Numerical M ethods in Eng. 13(5): 319-26. 

Binda, L. Fontana, et al. (1988). Mechanical behavior of brick masonries derived from unit 

and mortar characterist ics. Proc 8th Int  Brick/Block M asonry  Conf Dublin, Ireland. 205-16 

Boone, S. (1996). "Ground-Movement-Related Building Damage." J. Geotech. Eng. 

122(11): 886-96. 

Boscardin, M . and E. Cording (1989). "Building Response to Excavat ion-Induced Sett le-

ment ." J. Geotech. Eng., 115(1): 1-21. 

Burland, J., and C. Wroth (1974). Sett lements on buildings and associated damage. The 

Brit ish Geotechnical Soc. Conf. Sett lement  of St ructures, Cambridge. 611-54 

Crisfield, M . (2000). Non-linear Finite Element  Analysis of Solids and St ructures . Chiche-

ster. NY, John Wiley  & Sons. 

de Buhan, P. and G. de Felice (1997). "A homogenizat ion approach to the ult imate strength 

of brick masonry ." J. M echanics and Physics of Solids  45(7): 1085-1104. 

Drysdale, R. and A. Hamid (1982). "Tensile st rength of brick masonry ." Int 'l J. Masonry 

Const r. 4(172-7). 

Lopez, J,, E. Oñate and J. Lubliner (1999). "A homogeneous const itut ive model for maso-

nry ." Int  J Numer Meth Eng. 46: 1651–971. 

Laefer, D., (2001). Predict ion and Assessment of Ground Movement and Building Damage 

Induce by  Adjacent  Excavat ion. Dept . Civil and Environ. Eng., UIUC. PhD: 903. 

Loft i, H. and P. Shing  (1991). "An appraisal of smeared crack models for masonry  shear 

wall analysis." Comp. Struct  41(3): 413–25. 

Lourenço, P. (1996a). Computat ional st rategies for masonry  structures. Civil Eng., Delft 

Univ. of Tech.. PhD: 220. 

Page, A. (1978). "Finite element  model for masonry ." J Struct  Div. ASCE 104 (8) 1267-85. 

Pietruszczak, S. and X. Niu (1992). "A mathemat ical descript ion of macroscopic behaviour 

of brick masonry ." Int 'l J. Solids St ructures 29(5): 531-46. 

Pluijm, V.. (1997). "Non-linear behaviour of masonry  under tension." Heron 42(1): 25-54. 

Rivieccio, P. (2005). Homogenizat ion Strategies and Computat ional Analyses for M asonry 

St ructures via M icro-mechanical Approach. Eng. Faculty ., Univ. of Napoli. PhD: 449. 

Vermelt foort , A. (2005). Brick-mortar interact ion in masonry  under p ressure. Einhoven, the 

Netherland, Einhoven Univ. of Tech.. PhD thesis . 

William, K.  and E. Warnke, (1975). Const itut ive model for the triaxial behaviour of con-

crete. In: Proc. int . ass. for bridge and struct . engng. 1-30 

Wu, C. and H. Hao (2005). "Derivat ion of 3D masonry  propert ied using numerical homo-

genizat ion technique." Int  J Numer Meth Eng. 66: 1717-37. 

Zucchini, A. and P. Lourenco (2002). "A micro-mechanical model for the homogenisat ion 

of masonry ." Int 'l J. Solids St ructures 39(12): 3233-55. 

Zucchini, A. and P. Lourenco (2007). "Mechanics of masonry  in compression: Results from 

a homogenisat ion approach." Computers & Structures 85(3-4): 193-204. 

 _____________________________________________________________________  

*PhD candidate, Urban Modelling Group (UMG), School of Architecture, Landscape and 

Civil Engineering (SALCE), University  College Dublin (UCD), Newstead G67, Belfield, 

Dublin 4, Ireland. Email: linh.t ruong-hong@ucdconnect .ie 

**Tenured Lecturer, Lead PI, UMG, SALCE, UCD, Newstead G25, Belfield, Dublin 4, Ire-

land. Email: debra.laefer@ucd.ie 


