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ABSTRACT: Recent earthquakes in different parts of the world continue to strike cities 

where reinforced concrete (RC) structures have been constructed revealing new 

weaknesses. This is the case of Chile, where a significant amount of mid-rise RC 

buildings constructed since the 1980’s were affected by the 27 February 2010 Maule 

Earthquake. Even if most of RC buildings remained apparently in the elastic range, 

showing an acceptable performance, a significant amount of RC walls in stiff and flexible 

buildings were significantly damaged showing a specific damage pattern not observed or 

not clearly identified previously. This type of damage was mainly attributed to non-

ductile detailing, as the absence of lateral restraint for longitudinal reinforcement to 

prevent buckling of longitudinal rebar, the excessive initial (gravity) axial load, and the 

lack of capacity design considerations to protect shear failures, amongst others. In this 

contribution a summary of recent amendments adopted in the Chilean Seismic Normative 

(NCh433 seismic design and NCh430 RC design codes) as well as suggestions for further 

refinement of ACI318 seismic provisions for structural walls are presented in light of the 

observed damage in RC structural walls after the Maule Earthquake. Finally, the 

similarity with what was observed in Christchurch after the 22 February 2011 Canterbury 

Earthquake in structural walls is highlighted. 

1 INTRODUCTION 

On February the 27
th
 2010 a major earthquake (Mw = 8.8) occurred off the coast of central Chile. The 

seismic event, which also caused a tsunami, affected urban areas from Concepción to Valparaíso, 450 

km along the Chilean coast. In large cities like Concepción, Valparaíso and Santiago, where a 

considerable amount of RC buildings were constructed from the early 1980’s, the response of RC 

buildings was overall satisfactory (Bonelli et al., 2010, EERI, 2010, Cowan et al., 2011, Bonelli et al., 

2012, Quintana Gallo et al., 2012, Telleen et al., 2012). Nevertheless, a significant number of RC 

buildings suffered severe damage in structural walls, in many cases reaching a non-repairable final 

state with partial or full collapse. In buildings inspected in Viña del Mar and Concepcion, damage 

observations revealed that structural RC walls either remained apparently in the elastic range or were 

subject to excursion into the inelastic range leading to non-ductile damage mechanism and failures.. 

These brittle failure modes in walls were characterized by: (1) buckling of the longitudinal 

reinforcement in the wall boundary region and/or core-web, (2) spalling and crushing of the concrete 

forming a big horizontal crushed area along the wall core-web, and, in some cases, (3) fracturing in 

tension of the longitudinal bars in the boundary regions. This general behaviour has been preliminary 

attributed to (1) the absence of inadequate horizontal reinforcement, in the specific form of stirrups, 

acting as proper confinement as well as buckling restrainer in the wall free ends, (2) high levels of 

gravity axial load, reducing the wall curvature/rotation capacity and thus in general “ductility”, (3) 

inadequate anchorage of the horizontal rebars for resisting shear, (4) the use of relatively thin walls, 

with second order effects and overall instability becoming more likely to occur , and (5) the absence of 
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transverse hooks for preventing buckling of longitudinal rebar all along the wall web (Quintana Gallo 

et al., 2012, Bonelli et al., 2012).  

Few months after the earthquake stroke the country, emergency amendments to the seismic code were 

made. These amendments after being thoroughly reviewed became official by law in June 2010. 

Changes were made to the NCh433Of96 (INN 1996) seismic and NCh430Of.2008 (INN 2008) RC 

Chilean codes. The latter represents the main discrepancy with the state of the practice in Chile 

according to what was observed on site in 2010 after the 27 February earthquake, even though 

(rephrase a bit here...) some of the details acknowledged to be missing were stipulated in that code, 

almost entirely based on ACI318-2005 Recommendations for RC structures (ACI318 Committee 

2005). Due to the latter similarity, the scope of the amendments done to NCh433 code are directly 

related to the ACI318-2005 document requirements, specially regarding seismic provisions for 

structural walls.  

In the following paragraphs, those changes are presented and discussed using damage observations 

after the Chilean earthquake, and a simple theoretical example of a dual system with T-shaped walls 

(Quintana Gallo, 2008). Observations after the 22 February Canterbury earthquake are also used as 

further evidences supporting those changes. Code provisions from other parts of the world, 

e.g.Eurocode8, AIJ Japanese Code and NZS3101:2006, are reviewed for comparison and with the 

intention of learning from current best practice. Based on that, some suggestions for the refinement of 

ACI318 code seismic provisions for RC walls are postulated. These suggestions are also extended to 

other seismic provisions like the NSZ3101 RC standard. Finally, a brief discussion on Performance-

Based Design philosophy is addressed.  

2 OBSERVED DAMAGE IN CHILEAN RC WALLS AFTER THE MAULE EARTHQUAKE 

The inspection of damaged RC structures was done immediately after the earthquake occurred. Even if 

most of the building stock remained apparently inside the elastic range, many buildings were 

damaged. In RC walls specifically, brittle failure modes were observed in engineered buildings in 

Concepción, Viña del Mar, Valparaíso, Santiago, and Chillán. The trend suggests that these failure 

modes constituted a unexpected vulnerability pattern for RC buildings constructed until 2010. Herein, 

a brief description of the observed damage in RC walls of two case study buildings is presented. These 

buildings, named ‘A’ and ‘B’ respectively, are seen to be representative of those buildings whose 

walls failed badly, being them rectangular and asymmetric (i.e. T, C, L – shaped).  

The combination of structural RC walls and frames became very popular in the Chilean construction 

practice after the 1985 Valparaiso earthquake, increasing drastically until nowadays. In old buildings, 

it was more common to find thicker walls and a bigger ‘cross section wall area - to plane area ratio’, 

identified by the parameter m. In the recent years the design values of this indicator has been 

drastically reduced from 2 to 3% (Hidalgo et al. 1993), to 1% or less in recent constructions. (Yanez et 

al, 2006). This proves that either walls have been combined with a large amount of flexible RC frames 

in a dual system approach and/or walls have become thinner. As a result of the use of flexible frames 

together with walls, structures have become more flexible, regardless of the height. Wall local 

stiffness though, does not diminish considerably when the thickness is diminished enabling the use of 

thin slender an/or squat walls designed to withstand seismic actions, contradicting the basic intension 

of pre-1985 Chilean Seismic practice of robust thick walls.  

In Figure 1, pictures of failed walls in ‘Building A’ are presented. The lack of confinement in the form 

of horizontal closed stirrups and crossed ties, as well as 90° end hooks for anchorage of shear 

horizontal reinforcement can clearly be appreciated. Rectangular walls developed a continuous 

horizontal crushed area in the first floor, with buckling of the longitudinal reinforcement all over the 

web length, indicating that axial load may have been rather high and influential in the failure mode. 

Under high levels of axial load and lack of boundary elements, concrete can crush at relatively low 

displacement demands, due to a reduction in the rotation capacity. Furthermore, buckling is obviously 

enhanced due to initial strains in longitudinal rebar. Asymmetric (flanged) walls experienced a similar, 

but not identical behaviour when compared to rectangular counterparts, since the crushed area 

diminished in size when approaching the flange in most of the cases, and the crushed area was slightly 
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inclined creating a diagonal crushed area, as can be seen in Figure 1.  

 

 

Figure 1: ‘Building A’ - Vina del Mar 12-storeys: severe brittle damage in rectangular L, and T-shaped 

RC Walls – partial building’s collapse (from Quintana Gallo et al 2012) 

In, Figure 2, a C-shaped wall of a 12-storey RC building in Viña del Mar is shown (Building B). 

Crushing in the concrete and buckling in longitudinal steel bars were observed all along the perimeter 

of the C (web plus right and left flanges), as well as fractured longitudinal bars in both flange free 

ends. This suggests that the neutral axis when the flange was reacted in compression was quite little 

and very close to the flange width. This is reflected in a heavily strained section in both directions in 

the weak axis, which suggests that reinforcement in the arms of the C wall significantly elongated as 

well as buckled, during cyclic reversals. When the already buckled bars are elongated again, then 

fracture may occur, as shown in Figure 2. Concrete on the other hand, would develop deep cracks in 

the arms web and a heavily crushed area in the reversed cycle due to lack of confinement (Quintana 

Gallo et al 2012). 

From the perspective of the wall resisting in the weak direction (flanges direction), the fact that the 

unrestrained vertical reinforcement buckled all along the C web, is an indication that the arms of the C 

were able to induce significant compression strains in the web. From the perspective of the strong 

direction, on the other hand, strain profiles along the web at ultimate displacement would be similar to 

those of a rectangular wall due to symmetry. Therefore, important compressive strains can be 

generated all along a flange of the C-wall for equilibrating tension forces from the steel in the opposite 

arm (see FIG ZZ). As a result, and depending on the axial load level, confinement may be required in 

the entire flange length. Due to the 3D characteristics of the movement, the aforementioned effects 

addressed separately for asymmetric/weak and symmetric/strong axes (building perpendicular 

directions), a combination of both may be an explanation for the observed failure mode Figure 2, as 

will discussed later based on experimental work done by Ile et al. (2005) on full scale specimens 

subjected to bi-directional quasi-static loading protocol. Vertical acceleration effects which are beyond 

the scope of this paper, yet may have played an important role in the failure mode mechanics. This 

parameter is expected to be addressed though, from a numerical point of view, in future contributions 

(Quintana Gallo 2012). 
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Figure 2: ‘Building B’: C-shaped wall failure in both directions (from Quintana Gallo et al. 2012) 

3 MODIFICATIONS TO THE CHILEAN CODE FOR THE SEISMIC DESIGN OF 

STRUCTURES AFTER FEBRUARY 2010 

3.1 Design seismic actions  

In Chile there are several loading and design codes, related to the structure functionality and 

earthquake resistant system. The loading codes are the NCh433 (INN, 1996), for residential and office 

buildings; the NCh2369 (INN, 2004) for industrial installations; and the NCh2745 (INN 2008) for 

base isolated buildings. In general, the seismic demand is represented by seismic zoning in terms of 

Peak Ground Acceleration (PGA) and an elastic design response spectrum. PGA and response spectra 

are not strictly derived from a probabilistic or deterministic hazard study. The shape of the spectra has 

been calculated from the shape of the average acceleration response spectra normalized by PGA from 

historical ground motions databases in Chile. However, with the design spectra other than those from 

NCh2745 for base isolated building, flexible tall buildings which have become common in Chile since 

1985 are subjected to unrealistically small displacement demands (Quintana Gallo 2008, Bonelli et al 

2012, Quintana Gallo et al 2012). 

On the other hand, Newmark type acceleration response spectra have been incorporated into the ETG 

1015 and NCh2745 loading codes. In NCh2745 the combined effective acceleration and spectral shape 

is scaled, cut or amplified based on the results of analysis on several typical reference structures 

(Bonelli et al 2012). As shown in Figure 3, spectra coming from recently recorded ground motions, do 

not match the criteria of NCh433 and NCh2369, even for a soil type III (very soft soil). A reason for 

that disagreement is that the NCh433 was calibrated to fit average shapes from the response spectra 

from real records, scaled for residential buildings with periods between 0.5 and 1.5 seconds to have a 
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base shear coefficient consistent with pre 1985 design standards. In NCh2369 the spectral shape 

contained in NCh433 is used as reference, but in the industrial code the spectral values are limited by a 

maximum coefficient generating an extremely low equivalent plateau. This was done so that rigid 

structure, equipment or system, could be design with the traditional values used prior to the 

development of the code (Bonelli et al 2012). Strong emphasis to displacement demands is given in 

the spectrum incorporated into NCh2745 for buildings with periods greater than 1.5 seconds since it 

was conceived for base isolated buildings (Bonelli et al 2012). Since all code mentioned before deal 

with linear elastic analyses, one feature of the amendments done after the 2010 earthquake to the 

Nch433 code was the incorporation of an explicit ultimate design lateral top displacement for walls, 

using Eq. 3.1, derived directly from design displacement spectra.  

 

 

Figure 3: Inelastic (μ = 3) Acceleration and Displacement Response Spectra recorded in Chile (1985 - 

2010) and design requirements from the different Chilean seismic action codes (from Bonelli et al. 2012)  

 

δu = 1.3 SDE (Tcr)                                (3.1) 

 

where SDE is the elastic displacement spectrum ordinate for 5% damping ratio, corresponding to a 

fundamental period of vibration obtained using cracked sections (Tcr). 

3.2 Amendments to the NCh430of2008 for the seismic design of earthquake resistant walls  

Urgent modifications were proposed for designing ‘special’ RC walls in Chile, after the 27 February 

2010 earthquake, made official by law on December the 13
th
 2011 by the Ministry of Building and 

Housing (MINVU). These changes adopted the ACI 318S-08 requirements for the design of RC 

buildings complemented by specific requirements part of the new NCh430mod2010 RC code, 

following section 21.1 in ACI 318-08. Since a considerable amount of the observed failures occurred 

in thin walls, limitations to axial force have been addressed. A conventional strain in concrete equal to 

0.003 was adopted by ACI318-08 to define a nominal ultimate strain under axial load and bending. 

Failure modes controlled by compression are not allowed and sections controlled by tension only are 

recommended in walls. Transverse reinforcement to avoid premature buckling of longitudinal bars in 

the free arms are an analogy of the dispositions for beams in 10.3.5 in ACI318-08, this is: (1) tensile 

strain in steel εs at nominal strength in special walls must be greater or equal to 0.004, (2) large lateral 

displacement must not be reached with large compression strains at confined concrete, and (3) 

longitudinal steel in the boundary must yield before the ultimate strength capacity is reached in the 

concrete in compression (0.003). Figure 4 (centre and left) shows the typical reinforcement details of a 

wall designed according to ACI318-2008 design provisions. Yet this new modifications do not include 

yet the use of cross-ties in the wall core, as instead already suggested in the Eurocode8 and already 

implemented in several design practices even if higher-than-minimum standard. 
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From the damage inspection in modern RC buildings, the need to specify a minimum wall thickness 

was also identified. This is stipulated to avoid the concentration of vertical reinforcement as well as 

sliding failures due to anchorage failures and out of plane second order effects. Recent experiments 

(USM 2010) revealed the difficulty of being able to achieve big compression strains in thin walls, 

even when confined. According to the new Chilean code, if transverse reinforcement is necessary to 

confine special boundary elements, then a minimum thickness of 300 mm is required. A maximum 

compression strain in the confined concrete in boundary elements is limited to εc=0.008 at the ultimate 

limit state. As a consequence, at ultimate state the wall should be able to reach a lateral displacement 

as large as 1.3% drift ratio (displacement divided by the eight), with a maximum tension strain in the 

steel equal to 1.5%. Modifications allow for ‘compression-controlled’ walls if it can be shown that the 

design displacement (δu) can be reached with an ultimate compression strain in the concrete equal to 

0.8% (Bonelli et al 2012). This is, walls which are expected to experience compression strains in the 

concrete bigger than 0.003, are accepted if a minimum value of εc = 0.008 can be reached at the design 

displacement δu by means of confinement. As a result of this philosophy, wall detailing similar to that 

presented in Figure 4 would be common.  

 

 

Figure 4: T-shape wall design according to NCh433 and ACI318-2005 (from Quintana Gallo 2008) – 

Picture on the left shows a building under construction in Chile which has additional cross ties  

4 SIMILAR DAMAGE OBSERVED IN NEW ZEALAND AFTER THE 22 FEBRUARY 

CANTERBURY EARTHQUAKE 

Almost exactly one year after the Maule earthquake occurred, on 22 February 2011, a moderate 

magnitude earthquake (Mw = 6.3) with near field characteristics, affected the city of Christchurch in 

New Zealand. This city, the most developed urban centre in the Canterbury region, had a moderate 

number of middle-rise RC buildings corresponding to about 25% of the total building stock. The 

inspection of these RC buildings in the most affected area (Christchurch Central Building District, 

CBD) revealed many deficiencies already described in previous sections of this contribution regarding 

ductile reinforcement detailing of structural walls. RC buildings constructed during the 1980’s, 

1990’s, and 2000’s were in some cases affected in a similar fashion to those which failed in Chile. 

Main issues were related to (1) insufficient configuration and dimensions of confinement and 

buckling-restraining boundary elements, (2) the absence of buckling-restraining cross ties around 

longitudinal reinforcement along the entire wall length, and (3) excessive gravity axial load. Before 

February 2011, inspection revealed the development of a fairly similar failure mechanism to that 

observed previously in Chile, yet in a smaller quantity. In many cases the level of damage was 

characterized by the incipient buckling of the longitudinal reinforcement. 

In Figure 5 the observed damage in rectangular and L-shaped RC walls in an 8-storey modern building 

built in 1999 is presented. This building has been identified to lack of structural redundancy in terms 

of the amount of RC walls, even though some reinforced masonry wall panels were used in few 

Flange length = 7.9m
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elevations as an additional resiting system. In Figure 5 the highlighted central walls suffered 

significant damage due to a complex mechanism associated to flexural-compression-shear interaction 

in the case of the asymmetric L-shaped wall and flexural compression failure in a rectangular wall. 

Shear interaction is a notorious potential issue in L-shaped walls, in light of the formation of a 

diagonal compression strut in the web. Buckling of the web longitudinal reinforcement was observed 

in both rectangular and L-shaped walls, yet the rectangular wall was more severely compressed. The 

observed damage is equivalent to that observed in some asymmetric walls in Chile. The observed 

damage is equivalent to that observed in many RC wall buildings in Chile as illustrated before in 

Buildings ‘A’ and ‘B’, and their mechanics may be understood in a similar fashion as that presented in 

Quintana Gallo et al (2012). 

 

 

Figure 5: Building C: Rectangular and L-shaped RC walls failures (from Quintana Gallo et al. 2012) 

5 REVIEW OF ACI318, NZS3101:2006, EUROCODE8-1994, AND AIJ-1999 SEISMIC 

DESIGN PROVISIONS FOR RC WALLS  

In order to compare the requirements of different codes used in the world, in this section the most 

important requirements for the seismic design of RC walls is reviewed. The NZS3101:2006 New 

Zealand Standard for RC (Standard New Zealand 2006), Eurocode8 (ECS 1994), ACI318-2005 

recommendations (ACI318 Committee 2005), and the Japanese AIJ requirements (AIJ 1999, in 

Japanese) were considered. Attention was placed in requirements for RC walls related to (1) special 

boundary confinement elements, (2) axial load limitations, (5) effective flange width for asymmetric 

walls, and (6) buckling restraining requirements for web vertical reinforcement.  

5.1 Confinement 

In the ACI318-2005 document it is recommended the use of special boundary elements (SBE) for 

confinement in structural walls expected to withstand earthquake demands. SBE are required if the 

neutral axis in the wall for a ‘ultimate top displacement’ δu, is equal or bigger than a critical value (ccr). 

A minimum value of δu is required to be 0.7% of the height of the wall (drift). The formulation for ccr 

can be demonstrated to be derived as the neutral axis corresponding to the minimum top drift and 

L-shaped 
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Diagonal
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reach approximately εcu = 0.003, the ultimate nominal compression strain according to ACI318-2005. 

Linear dimensions of SBD are related to the length of the wall amongst other parameters, as described 

previously in Figure 4. 

 

 

Figure 6: Confinement configurations: (1) NZS3101:2006 (2) Eurocode8 (3) Comparison and equivalency 

The New Zealand and the Chilean RC NZS3101:2006 and NCh430of2010 codes follow the same 

approach, although the way of calculating δu is different. In Eurocode8-1994, confinement is evaluated 

directly from equilibrium consideration. The section of the wall to be confined corresponds to the 

cross section part where the strain is equal or bigger than 0.002, when the maximum compressive 

strain (0.003) is reached in the concrete at the wall end. This is illustrated in Figure 6, where also the 

confinement configurations required by the NZS3101:2006 Standard is shown. Finally, the AIJ Design 

Guidelines for the Earthquake Resistant RC Buildings Based on Inelastic Displacement Concept (AIJ, 

1999 in Japanese) structural walls are required to be fully confined. Furthermore, the only cross 

section allowed is an ‘I’ section, with special column (boundary) elements at the wall ends 

5.2 Axial Load limitation 

The AIJ Japanese guideline are the only ones that clearly require to keep axial load in vertical 

elements (columns and walls) within a maximum value of 0.33Agfc’ explicitly for ductility-based 

considerations. All other requirements for maximum axial load come from traditional stress 

considerations of concrete under pure compression (0.70∙0.85fc’Ag ~ 0.6Agfc’, typ.), which is much 

less restrictive. This is seen as a valuable idea to take into consideration, given the simplicity and the 

restriction and the ability of being a fair way of consensus. ACI318-2008 does not limit the axial load 

for columns of ordinary frames in flexible buildings, and there is not a clear limitation for structural 

walls. New Zealand NZS3101:2006 code follows the same approach than ACI318-2008 on this 

regards, whereas in Eurocode8 (1994) it is recognized that high axial load forces are in general more 

unfavourable for ductility evaluations. 
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5.3 Effective flange for asymmetric walls (wall endings)  

The approach for the estimation of the effective length of orthogonal walls in ACI318-2005 is seen to 

be insufficient and not clear (Morales 2008, Quintana Gallo 2008). In New Zealand it is common to 

find C-shaped walls as elevator-stair cores, as well as L-shaped -couple RC walls as main 

displacement-control structural elements. In NZS3101:2006, a rational way for the estimation of the 

flange (orthogonal wall) in compression and tension is given, based on what proposed by Paulay and 

Priestley (1992) for walls. In Eurocode8, the flange length of a wall considered effective when 

interacting with the orthogonal web is specified as 1/5 of the height the wall height and clear figures 

are presented in order to highlight the difference in strain distribution between rectangular and flanged 

walls at ultimate limit state. In Japan, the AIJ guidelines are much more restrictive, when only 

allowing for the use of I-shaped walls, with highly confined flanges. 

5.4 Buckling restraining 

Prevention against buckling is not explicitly required in ACI318-2005 document. However, limitations 

are quite strict in the vertical spacing, allowing for a maximum of 150mm. In NZS3101-2006 

standard, allowable spacing of transverse elements are stipulated explicitly in order to prevent 

buckling of the reinforcement. However, spacing as big as 450mm long can be used in some cases. 

Eurocode8 restricts the spacing of transverse confinement elements to less than 250mm. The AIJ 

guidelines keep a maximum allowable spacing of 200mm. Nevertheless, transverse hooks for 

providing lateral restrain in all vertical bars in the web, regardless of the size of the zones to be hardly 

confined, is only required by Eurocode8 (1994) and AIJ Guidelines. In Eurocode8 a minimum area of 

200mm per m
2
 of front area corresponding to (clarify how many or a what spacing??) 8mm diameter 

legs  is required to be placed in the wall outside the confinement  zone or boundary element. The latter 

is also one of the requirements introduced in the Chilean Code after 2010 in light of what was 

observed in field.   

6 THEORETICAL DISCUSSION AND EXPERIMENTAL EMPIRICAL EVIDENCE 

Given the evidence and the discussion developed in this paper, there is apparently an important detail 

missing in the ACI318-2005: the use of cross ties all along the wall length (thus including the ccore 

and not only the neutral axis region), applied along the full height of the plastic hinge region expected 

to develop under overturning moment. This is, as specified in Eurocode8 (1994) for example, meant to 

providing lateral restrain to longitudinal bars in order to enable adequate flexural rotation capacity to 

develop.  

 

 

Figure 7: Right: wall mechanics in a portion representing the plastic hinge region of a T-shaped wall at 

ultimate limit state (adapted Figure from Quintana Gallo et al (2012); right: 1/4 scale T-shaped wall 

experimental test results after 1.25% top drift (from Thomsen et al. 2004)  

In Figure 7 the plastic hinge region of a T-shaped wall with the flange acting in tension and the web in 

compression, with stretching and buckling of vertical bars due to excursions in the inelastic range in 

previous cycles, is schematically presented. Results from experimental work by Thomsen (1995) on 



10 

1/4 scale T-shaped walls poorly confined (specimen in the picture) is shown for comparison. Concrete 

in the web free end has been highly strained in compression, the verticals bars elongated and buckled 

significantly, and if additional cyclic demand occurs, and then the damaged area would tend to 

relocate due to changes in the resisting path, moving towards the centre of the wall, as observed the 

post-earthquake inspections referred to in this paper.  

In Figure 8 strain profiles for a typical C-shaped core wall fund in Chile and New Zealand during field 

inspection are presented. Also shown in Figure 8, a picture of experimental results from full-scale bi-

directional quasi-static loading tests on C-shaped walls designed with Eurocode8 (1994) seismic 

provisions. In top part of Figure 8, strain profiles in flange and web are schematically presented, for 

the wall resisting in the weak and strong axis directions, respectively. It is emphasised that high tensile 

strains may develop in the steel located in the free ends of flanges (top left). Similarly, the possibility 

of strains to be larger than the ultimate nominal for unconfined concrete (εcu = 0.003 typ.) when flange 

free ends are compressed is highlighted, in order to recall the need for supplying confinement elements 

in that region.  

 

 

Figure 8: Uniaxial and Biaxial strain profiles for an ideal C-shaped wall - confinement configuration 

insufficient; experimental results of full-scale bi-axial test on a C-shaped wall designed with EC8-1994 at 

failure (from Ile and Reynouard, 2005) – buckling not avoided; 

When the C resists bending moment about the strong axis (Figure 8 top right), the possibility of the 

concrete of the flange to undergo compressive strains larger than εcu is stressed, in light of the eventual 

need for confining the whole flange. This is seen to be critical, due to the fact that recommended 

confinement schemes from NZS3101:2006, for example (shown in Figure 6), do not require 

confinement in their entire length. Finally in the bottom left of Figure 8, the biaxial influence of the 

wall bending due to superposition of orthogonal bending moments is shown schematically. The 

bidirectional action considered, it the result of the superposition of bending moments which produce 

compression in the flange of the right hand side, and compression in both flanges free ends. As a 

result, higher compression strains would be expected in the darker hatched area, which is in light of 

what can be observed in the picture of the bottom right, from Ile et al. (2005). However, as can be seen 
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in the latter picture, 12mm longitudinal bars in the free ends of the flange were not prevented to 

buckle, even though 90cms were used for spacing horizontal hoop. This is at an ultimate top drift of 

2% on each orthogonal direction (√8 ~ 2.8% diagonal). Also note that even the specimen in Ile et al. 

(2005) was designed according to Eurocode8, not all longitudinal reinforcement in flanges was 

laterally restrained as shown in Figure 6, since geometry and boundary elements left one row missing.  

All strain profiles shown in Figure 8 are a result of seismic actions for cantilever walls only. If gravity 

load is considered though, strain profiles would be affected by adding constant compression axial 

strains to the diagrams drawn in Figure 8. Therefore, the schematically addressed confinement 

requirements for the ideal C-shaped wall in question would be even less sufficient that shown before. 

Consequently, and following Hooke’s law, high axial load initial strains (ε0) will correspond to bigger 

load ratio (ν = P/Agfc’) and the slenderness of the wall (height divided by length). 

7 SPECIFIC SUGGESTIONS  

Modifications done to the Chilean Seismic Normative after the Maule 2010 Earthquake, which 

features the explicit consideration of displacement spectra for RC buildings, were presented. Current 

code seismic provisions for RC walls like ACI318-2008 and NZS3101:2006, which have not suffered 

significant changes since 1999 and 1995, respectively, as well as former documents like the 1994 

edition of Eurocode8 (sup. 2003), and the 1999 AIJ Guidelines were reviewed. A discussion on the 

mechanics behind the failure mode observed in Chile and New Zealand has been opened, based on 

field inspections, theoretical and numerical work done by Quintana Gallo et al. (2008, 2012) and 

experimental work done by Thomsen (1995) and Ile et al. (2005) on T-shaped and C-shaped walls, 

respectively. Based on all mentioned above, it is suggested to: 

a) Relate ultimate top displacement for walls directly to a design displacement spectrum  

b) Laterally restrain all longitudinal reinforcement along walls web and flanges if any, using 

cross ties of a diameter similar to those of the bars they are restraining.  

c) Limit explicitly axial load in order to provide ductile rotation capacity in critical sections.  

d) Use simple configurations in wall geometry. 

e) Review confinement dispositions for asymmetric/flanged walls. Consider the need of fully 

confining flanges in C-shaped walls. 

f) Use thick robust walls, designed to perform in a ductile and stable fashion, regardless of the 

expected demand 

8 CONCLUDING REMARKS 

This paper was inspired by numerous inspections to RC building carried outafter two major 

earthquakes, Maule 2010 and Canterbury 2011. The observed damage in structural RC walls in both 

cases was briefly discussed here, showing that brittle failure modes represented a common whilst 

unexpected trend. Changes to code provisions in Chile after the 27 February Maule earthquake were 

presented. Other code approaches for the seismic design of structural walls as the New Zealand 

standard, the Eurocode8 and the AIJ Guidelines were summarized and reviewed. Finally, suggestions 

for the further refinement of the ACI318 seismic provisions were formulated, in light of all the 

information gathered, highlighting the need for exchange of information in between countries with the 

aim of sharing knowledge and improve code design provisions and ultimately seismic safety of RC 

structures. 
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