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SUMMARY:

The study presented in this paper is focused orgtimation of in-situ concrete strength of exigtiReinforced
Concrete (RC) structures through core testing. Aewéxperimental program on RC members extracted fro
typical Italian existing buildings has been desiyaed carried out. RC structures to be demolisihelddesigned
only to gravity loads have been considered. A largmber of tests has been carried out on columnbaem
and on cores extracted from them aimed at evalydtia effect of drilling on RC member capacity. this
purpose, after core drilling, monotonic loadingaading compression tests have been carried ouedBars the
results of these tests the effect of core drillangd of subsequent restoration on the strength rattsiral
elements has been evaluated, by comparing perfassaaf as-built columns, drilled columns and ddile
restored columns. Results show the effect of catiénd on the structural members, after beinglddland after
a possible restoration. Further, some factors @émfting the relationship between the local strerigim core
specimens and the in-situ strength of the structneanber as a whole have been highlighted.

Keywords: RC existing buildings, In situ concrdtersgth, Core testing, Monotonic loading-unloading
compression tests.

1. INTRODUCTION

The assessment of RC existing buildings is an itapbttopic in earthquake engineering, particularly
for buildings having poor seismic design. In thegass of assessing and retrofitting RC existing
buildings, investigation procedures have a crucikd to get an adequate knowledge of the strudture
be evaluated. Among other factors, materials’ priiggeand, particularly, concrete strength neeloeto
estimated. According to several codes (e.g. NTQ)820CEN EC8-3, 2005; ACI 228, 1998),
estimation of in-situ strength has to be basedath blon Destructive Tests (NDTs) and Destructive
Tests (DTs), the latter being typically compressass carried out on cores drilled from the stireet
under examination. Core testing is considered thst meliable procedure to estimate in-situ concrete
strength and many design codes provide some guedamthis procedure.

The present article is focused on the evaluatiogffects of core extraction and subsequent restorat
on RC column strength. To achieve this goal, thenmesults of an experimental program on RC
structural elements have been reported and analggesgtifically, a large number of tests have been
carried out on RC column members extracted fromtixg old structures to be demolished. In some
cases cores have been extracted from the colunomsges aimed at evaluating the effect of drilling
on RC member capacity. To this purpose, eithercthirafter core drilling or after restoration works
monotonic loading-unloading compression tests Hman carried out. Based on the results of these
tests the effect of core drilling and of subsequestoration on the strength of structural eleméats
been evaluated, by comparing performances of dsdmlumns, drilled columns and drilled-restored
columns. The experimental program has been whdilyied out at the Laboratory of Testing
Materials and Structures of the University of Biaatla — Potenza (Italy).

2. EXPERIMENTAL CAMPAIGN

The influence of core drilling on the capacity of Rtructural elements has been not much addressed
in the literature, although this problem frequertifgates doubts and concerns in engineering peactic



A few indications can be found in some old workaufivez et al., 1974; Calavera et al., 1979) and in
a more recent work (Campione et al., 2008) caroatl on RC elements purposely prepared in
laboratory. These works point out that the inflieen€ core drilling can be negligible provided tkize
subsequent restoration is carefully carried out.tdie purpose, some codes (e.g. CEB, 1997) give
some recommendations on how restoration afteirdyishould be made.

In the present paper, some issues about destruest® carried out on structural elements extracted
from an existing structure have been investigaldw: experiment campaign is based on structural
elements already described in previous papers Kéagi et al. 2007). Specifically, the experimental
campaign is relevant to column members extractah fan existing RC school building, namely the
Fantoni school located in Fivizzano (ltaly). Theusture of Fantoni school was originally designed
only to gravity loads. As a consequence of the Iséésmic classification, the seismic capacityhsf t
building was evaluated showing poor performanced, @herefore, the building was partially
demolished (Fig. 1).

Figure 1. Demolition and removal of some structural elements

10 structural elements were extracted by the lasty during the demolition works. As already
described in other papers (e.g. Masi et al., 2003Ncrete strength showed a significant inter- and
intra-structural elements’ variability. This coridit is frequently findable in old buildings causing
remarkable problems when the design concrete dtrameeds to be reliably estimated, e.g. in the
capacity assessment of existing RC buildings.

Although in-situ concrete strength estimation cam bHmsed on a suite of destructive and non
destructive tests, core testing is in any casessecg to achieve reliable estimates. However, core
testing frequently produces some concerns withe@sjo its effects on the structural capacity dyirin
and, moreover, after drilling. To this end, theeeffof drilling and subsequent restoration on the
strength of some structural elements has beenestudialyzing the results provided by a wide set of
destructive and non destructive experimental testgoncrete and on purposely prepared structural
member specimens.

The campaign of NDTs and DTs (in accordance of BNI2001, 2002, 2005) has been designed and
performed taking into consideration the main oliyest of the experimental investigation. To this
purpose, some preliminary ultrasonic tests have peeformed on the structural members under study
(columns) finalized at determining the variabildf/their mechanical properties along the height Th
results show (Fig. 2) different trends of the wbmic velocity along the columns’ height with a low
variability in some columns (i.e. 2 and 3) and kighariations in the columns 1, 4 and 5.
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Figure 2. Structural members extracted from existing stmegwand prepared to tests.
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Figure 3. Specimens obtained from the column members.

After NDTs and core drilling, three cuts have bemde on each column, as shown in Fig. 3, so that
10 specimens have been globally obtained, as fellow

= 3 drilled specimens;

= 2 drilled and subsequently restored specimens;

= 5 not drilled (as-built) specimens.

Table 1 reports dimensions (B and H cross sectioremsions, ¢ depth of concrete cover) and main
characteristics of the 10 specimens, whose behavias investigated through monotonic loading-



unloading compression tests (Fig. 4a). The commmestest was performed in such a way the

evolution of the column capacity related to theréase of the damage level could be examined.
Unloading at each cycle was started at 95% of theimmum load reached at that cycle. The tests were
stopped when the columns showed very heavy danragben the maximum load reached at a cycle

was less than 30% of the maximum force at the diyste.

Fig. 4b shows a typical load-displacement diagratmere the curves relevant to the cyclic loading-

unloading test on the specimen can be seen.

The following parameters have been used to desttrébepecimen performances:

=  maximum strength,

= strength reduction (among the first and the follggioading cycles),

=  maximum number of cycles.

With regard to drilled specimens, they are repriegive of column conditions during and immediately
after the core drilling; however, they could be fidered as representative of the lower bound
capacity in case of restoration interventions migcmately performed.

Table 1.Dimensions and characteristics of column specinebe tested.
L H B C As(Longitudinal reinforcement)

Specimen Specimen condition (mm)(mm) (mm) (mm) n° mm
Column1 1 Not Drilled 800 265 365 35 4 16
Column1 2 Drilled and restored 800 265 365 35 4 16
Column2_1 Drilled 800 280 280 20 4 16
Column2_2 Not Drilled 800 280 280 20 4 16
Column 3_1 Drilled 800 380 390 30 4 12
Column 3_2 Not Drilled 800 380 390 30 4 12
Column4_1 Drilled 800 270 370 30 4 16
Column 4_2 Not Drilled 800 270 370 30 4 16
Column5_ 1 Not Drilled 800 285 285 15 4 10
Column5 2 Drilled and restored 800 285 285 15 4 10
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Figure 4. (a) Test set up; (b) and monotonic loading-unlogdiompression behaviour.

3. RESULTS AND DISCUSSION

In this section, the main results of the experirakmtampaign are reported and analysed, with
particular emphasis to the main goal of the pajet is pointing out the effects of core drilling o
column members’ capacity.
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Figure 5. Compressive strength of cores.

Based on the strength of the extracted ctregdisplayed in Fig. 5) and summing the contributién
longitudinal reinforcement A [f, (), the strength of the relevant columns has beémat®d, as

follows:

Fool,estimated = Feeet T Fooncrete (3.1)
where:

Feoncrete = At Heore (3.2)

Foee = A Ly (3.3)

with A= B x Hin both not drilled and drilled and restored spemis,A. = B X (H — Dy in drilled
specimensD. is the diameter of the cordg,= 470 MPa.

The values o0fF. esimaed NAVE been compared to the strength valuécg,’T(est) provided by the

compression tests on the specimens obtained frencdlumns where the cores were extracted (Fig.
6).

The comparison shows that the estimated strend®l), {;..cs) IS a@lways higher than the
experimental one with differences varying betwe&nahd 62%.
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Figure 6. Experimental compressive strengtly(fzst) Vs Estimated compressive strengthy(Estimated Of
column specimens.



In order to investigate on such significant diffeces, the post-test state of the columns has been
analyzed. Generally, two different zones of corecreive been detected: an highly deteriorated
external layer and an internal area with bettefiyud herefore, the column specimens’ strength has
been estimated again considering an effective csession, approximately considering only the
internal concrete area:

Fconcreteeff = (B -2 Eﬁ) [(H -2 |].‘:) chore) (34)
FcoI,Corrected = Fsteel + Fconcreteeff (35)

It is worth noting that different values of the cogte cover deptlt were measured among the
columns.

The recalculated strength of the columns is cloesethe experimental values, as shown in Fig. 7,
where differences between estimated and experimstriength values in the range 4-42% can be
seen. It should be noted that the largest diff@siave been found in the drilled specimens, whée
differences are almost negligible in the not ddipecimens.
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Figure 7. Experimental compressive strength,(fst) Vs Estimated corrected compressive strength ¢Frected
of column specimens.

To evaluate the effects of drilling and possiblsteeation on the capacity of the specimens thdtesu
have been compared in terms of maximum strengtngth reduction (between the first and second
loading cycle), maximum number of cycles.

Comparing maximum strength values highlights thatspecimens subjected to core drilling without
restoration show a significantly lower resistaritiee strength reduction at the first cycle is mdvant
proportionate to the reduction of the cross sectioa to the hole. These differences (ranging from
30% to 80%) could be due to the different collapsede that is strongly influenced by the hole
presence.

The same comparison performed among the specimdmscied to core drilling and those restored
highlights the importance of correct proceduresréstoration, provided that concrete quality is not
very poor. In fact, dealing with the specimens wtatd from column 1f{,,=18 N/mnf), a maximum
strength value after restoration close to thahefriot drilled specimen has been found. In thie tas
failure mode of the restored specimen does notapjpebe affected by the previous drilling with a
reduction of the maximum strength about 20% (Tgb.Ch the contrary, the results relevant to the
specimens obtained from columnfg, (=7 N/mnf), highlights that, even after an accurate restumat
the effects of core drilling can be dramaticallghiin structural elements with very low concrete
strength.

With respect to the behaviour under repeated Igadinhas been observed that generally a lower
number of loading-unloading cycles could be appled drilled specimens without restoration,
compared to not drilled specimens. With respecestored specimens, the same number of cycles has
been carried out on the specimens 1_1 and 1 _2ewHdwer number has been found in the specimen



5_2 compared to 5_1 thus confirming the remarkeffkets of previous drilling.

Table 2. Experimental results of loading-unloading compi@s$ests on column specimens

. y Fmax at different test cycles [kN F max,

S(r:)glgimgr Specimen condition — ||max m v [v yV| \[/u ] Vil TI: AFor-Nobr
11 Not Drilled 1134 796 | 611| 459 3656 70,2% 10.6%
12 Drilled and restored] 948 617 474 371 R84 65,1%

21 Drilled 1300 958 | 791| 746 73,7% 30.0%
22 Not Drilled 169Q1274| 977 | 764| 563 75,4%

31 Drilled 1105 850 | 790| 601 76,9% 80.3%
32 Not Drilled 1992 1670| 1291|1070 83,8%

4 1 Drilled 663| 514 445 355 309 77,5% 45.6%
4 2 Not Drilled 965| 789 654 560 48823|372|329| 81,8% '
51 Not Drilled 548| 469 401 351 30866 85,6% 128.3%
52 Drilled and restored] 240 194 156 129 80,8%

These differences could also be due to the diftevenstruction quality, which appears to be poarer
some columns, as can be the case of column Hyeapserving the hoops arrangement (Fig. 3).
Finally, a reduction of the maximum strength betwedbe first and the second cycle has been
generally found, with maximum values Bf,. in the range 65-85% . Reduction values are
slightly higher in case of drilled specimens buffestences with not-drilled or restored specimens
almost negligible. Therefore, the reduction of @yadue to core drilling can be effectively estbed
through the parametefsdp, nopr and maximum number of cycles. The negative effettrilling on

the column capacity seem to be more significant fr< 15N/mnd.

4. FINAL REMARKS

The study presented in this paper describes antysmsathe main results of an experimental
investigation on RC members extracted from typligdian existing buildings designed only to gravity
loads. Specifically, the effect of core drillingdaof subsequent restoration on the strength ottstral
elements has been evaluated, by comparing perf@esaof as-built columns, drilled columns and
drilled-restored columns.

Analysis of results demonstrates that core drilli@gn remarkably reduce the strength of structural
elements, moreover as a consequence of crossrseetioction (temporary effect). However, not
negligible differences can be found also after amsion interventions adequately performed
(permanent effect). In fact, it must be emphasibed restoration can be difficult or even ineffeeti

in low strength concrete thus leading to permaneshiction of cross section.

The experimental results emphasize the importahcarefully selecting the elements to be drilled, i
particular when poor quality concrete is expectetbond with preliminary tests. In such cases, @hil
an accurate estimation of actual concrete profgemniall the more needed, therefore core testing ca
be crucial, on the other hand core drilling cowtharkably reduce the capacity of involved strudtura
elements.

Making use of an appropriately planned campaigmaf-destructive tests, the possibility of either
avoiding or limiting core testing on members shavaoor quality, should be considered.
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