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Abstract 

In another paper at this workshop, the development of Eco-Friendly Ductile Cementitious Composite (EDCC) and its response to 
uniaxial tensile is described. Here, its performance when used as a strengthening coat on unreinforced masonry is described. This 
paper elaborates on the results of shake table tests on full-scale masonry wall specimens, each about 2m wide by 3m high, retrofitted 
using sprayed EDCCs. Six full-scale unreinforced non-grouted masonry wall specimens were assembled and then retrofitted using 
Sprayable EDCC. The walls are tested at the Earthquake Engineering Research Facility (EERF) at UBC on the Linear Shake Table 
(LST) under different ground motions with varying intensities. The wall specimens were fully instrumented and data were collected 
using 34 different channels including 10 accelerometers, 8 channels of displacement sensors, 8 strain gauges and time synchronized 
video recording using eight HD cameras. Test indicated that even a single-sided retrofit with appropriate EDCC can significantly 
enhance the overall ductility of the system and change the fundamental behaviour of the wall from a typical “Rocking Mechanism” 
to a “Beam” type behaviour, with significant rotations at the hinge supports of the base. The added flexibility to the system resulted 
in a substantial increase in energy dissipation, and thereby increasing the overall drift limits before collapsing, causing the wall to 
withstand extensive levels of shaking under different types and intensities of earthquake generated ground motions. 
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1. Introduction 

Unreinforced masonry (URM) is considered one of the most common types of partition wall systems in many of 
the mid-age, low-rise to mid-rise, school and hospital buildings in Canada, Unites States, and many other countries 
across the globe. URM partition walls are known to have very low drift limits in seismic events and the failure 
mechanisms are known to be mostly brittle and catastrophic during an earthquake shaking. Compared to any other 
partitioning systems, URM walls generally perform poorly during earthquake events.  

The UBC developed EDCC retrofit technology is a cost effective novel methodology for seismic retrofit of existing 
infrastructures using Sprayable Ecofriendly Ductile Cementitious Composites (EDCCs), which is a form of fiber 
reinforced engineered cementitious-based composite material. In particular, this retrofit strategy primarily targets 
strengthening of unreinforced, non-grouted, and unconfined non-loadbearing masonry walls, typically referred to as 
URM walls, in order to provide restrain for the wall to prevent the OP failure under an earthquake ground shaking. 

Due to their good sound and thermal insulation properties, URM walls are widely used in partitioning many of the 
commercial and residential buildings worldwide, either as in-fill or stand-alone. According to the British Columbia 
(BC) Ministry of Education in Canada, with reference to the Seismic Upgrade Program for BC schools, currently there 
are about 384 school buildings, only in the province of British Columbia, classified as high risk, which are in urgent 
need of Seismic Upgrade. This assessment has been done using the methods introduced by the 3rd edition of the 
Seismic Retrofit Guideline, referred to as “SRG III”. From the aforementioned school buildings, there are a large 
number of them with URM partition walls, which need to be retrofitted as part of the BC seismic upgrade program. 

It is essential to emphasize that, from July 2017, EDCC is an officially recognized retrofit option by SRG III, for 
out-of-plane retrofit of URM walls. Referred to as “URM # 11” in Volume 7 of SRG III, use of sprayed or troweled 
EDCC as a retrofit option for URM walls is included as part of the code and detailed designs are provided to allow 
the design engineers to spontaneously prescribe this retrofit option with a peace of mind for different projects. It is 
worth mentioning that SRG III, along with its web-based platform, is currently the only available tool, which is 
recently developed through a joint effort by APEGBC and UBC. The guideline was requested and paid for by the BC 
Ministry of Education, to be explicitly used by design engineers working on the projects related to the aforementioned 
seismic upgrade program for BC schools [1]. 

This paper presents the details of the experimental setup, specifics of the data acquisition system, and a summary 
of the results of the shake table testing which is done at the Earthquake Engineering Research Facility (EERF) at UBC 
on the methodology proposed for retrofitting URM wall using sprayable EDCC. 

 

1.1. EDCC: A composite material explicitly developed for seismic applications 

EDCC (Eco-Friendly Ductile Cementitious Composite) is considered one specific class of engineered fiber 
reinforced cementitious composites with strain-hardening type behavior under tension. EDCC uses about 30% cement 
content of a typical fiber reinforced mortar mix, contains only natural sand, and adapts a hybridized fiber system, 
about 2% in volume fraction, for exhibiting strain-hardening type behavior and achieving about 5% ultimate strain 
capacity under pure tension.  

This unique tensile strain hardening modus results from an elaborate design using a micro-mechanical approach 
which takes into account the interactions amongst fibers and the matrix as well as the fiber-matrix interface. Therefore, 
not only the achieved ductility makes EDCC a perfect choice for seismic applications, but also these attributions make 
EDCC a much more cost-effective, practical, and a considerably more sustainable material, compared to other 
conventional cement based repair systems. Additionally, the unique UBC developed spray system for this material, 
as shown in Fig. 1, is a low velocity shooting mechanism, using a rotary type bump, which is fairly similar to the spray 
systems typically used for spraying cementitious-based plasters and fire proofing polymer coatings. Hence, the typical 
particle and fiber rebound issues of a shotcrete process is avoided, and rebound is less of a concern when it comes to 
spraying EDCC, making it a far more sustainable repair material, compared to any typical shotcrete repair system. 

There are two different EDCC mixes used for retrofitting the six walls tested on the shake table. The two mixes are 
referred to as the “Regular EDCC Mix” and the “Premium EDCC Mix”. The specifics of the composition and mix 
proportioning for these two EDCC mixes are presented in another paper at this meeting [2]. 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.proeng.2017.11.061&domain=pdf
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