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SUMMARY 

In this paper are briefly presented the results of an experImental progr8lD 
'Whicb WllS carried out vith the aIm to investigate the behaviour of several types 
of metallic anchors (undercut, expansion and chemical anchors) under both monoto
nic and cyclIc shear actions. 

Several parameters 'Were Investigated within the program, namely: 
the presence of cracks crossing the anchor, the distance of the anchor from the 
free edges of the concrete sectIon, the presence of transverse reinforcement, the 
loading history, etc. The influence of these parameters on the mechanical chara
cteristics of anchors is illustrated in this paper, vhile empirica~ formulae for 
the calculation of the maximum shear force vhich may be transferred b,y metallic 
anchors are given. 

INTRODUCTION 

The increasing demand for flex! bili ty in plann1ng and construction of rein
forced concrete structures bas led in recent years to a rather extensive use of 
metallic anchors to attach either structural or non-structural elements to R.C. 
members after their hardening. 

Such fastening techniques are used also in earthquake prone areas. Besides, 
in seismic regions, tbe use of metallic anchors in repair and strengthening Is a 
very promising technique. HOllever, the experimental results concerning the beha
viour of anchors, especially under cyclic actions, are rather scarce. 

Therefore, the scope of the experimental program. which is briefly presented 
hereafter, is to contribute to tbe enrichment of the knowledge about the beha
viour of metallic anchors, thus making possible their safe and economic design 
and use. 

TEST PROCEDURE 

Both monotonic and cyclic tests were carried out on specimens sim1lar to 
those shovn in Fig.l. Tbe dimensions of the concrete block. as ve1.1 as the number 
of reinforcing bars passing through the specimen, vere depending on the diameter, 
the embedment length and the desired concrete cover of the anchor tested each 
time. 
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All the results presented in this paper vere obtained from tests on anchors 
which were inserted into cracked concrete (the direction of the crack vas parallel 
to the direction of loading). There vas no transverse reinforcement in the concre
te cover of the anchors. 

The test procedure vas the folloving: The specimen vas placed In the testing 
frame and it was subject to axial tension. As soon as hair cracks vere appearing 
(in places where metal sheets vere inserted before concreting so as to serve as 
crack initiators), the tension load vas removed and anchors were inserted in the 
cracks. After the installation of anchors , the cracks were opened up to a prede
termined width value (varying betveen O.lOmm and 0.8Omm and held constant during 
the test) and the anchor vas subjected to shear. 

TEST RESULTS-MONOTONIC TESTS 

Failure modes Tvo main failure modes were observed , depending on the edge dis
tance of anchors (s. Fig. 2): 

For small edge distances and for shear load appl ied at right angles to the 
free edge of the section. the anchors failed due to break-out of the concrete 
(Fig.2a). The inclination of the break-out body in relation to the face of the 
concrete member was about 30° , while its depth was equal to 1.30~l.50 times the 
edge distance of the anchor. 

For large concrete covers , steel failure vas observed, while a "shell- shaped" 
local spall1ng of concrete was apparent (Fig.2b). 

Obviously, the same failure modes were observed also in case of cyclic tests . 

Shear force vs. shear displacement curve For both failure modes and for all 
three types of anchors vhich vere tested, the shear force vs. shear displacement 
curves vere similar to those shove in Fig.3. 

In case of concrete failure, the maximum shear response, V , depends on the 
diameter of the drilled hole, db' on the cube strength of concrgte, f • as well 
as on the edge distance of the anchor, c. On the basis of 31 series o~ tests on 
various types of anchors. the folloving empirical expression was found for the 
calculation of V (Ref. 1): 

u 

Vu = 1.30~rr;.. c lS (1) 

In Fig.4 experimental V -values obtained from tests on undercut and expansion 
anchors are compared. vith ul~imare response values predicted by Equ.l. 
It shoulrl be noted that Equ.l holds for anehOl"s with anchorage length equal to 
4~6db' for hole diameters s28mm, for concrete compressive strength f varying bet-
ween 15MPa and 60MPa, and for thickness of member ~1.40c. c 

In case of steel failure, the maximum shear resp:mse may be predicted using 
the folloving expression deduced from a systematic evaluation of about 230 series 
of tests on various anchors (Ref.2): 

v = aA f 
u s s 

vhere A denotes the cross sectional area of the anchor, ~ is the tensile 
strengtH of the steel and a Is equal to 0.60. The validity of Equ . 2 vas checked 
for nominal screv thread diameters S20mm and for fs s800HPa. 

The role of the crack width In cases where the failure of the fastening vas due 
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to the break-out of the concrete cover ~ it was observed that the maximum shear 
response vas decreasing vith increasing crack vidth (Fig. 5). 

On the contrary, vhen steel failure occurred, the maximum shear response 
seemed to be independent of the crack width (Flg.6l . 

TEST RESULTS- CYCLIC TESTS 

Loading history Undercut, expansion and chemical anchors vere subject to fUll 
displacement reversals (displacement controlled tests). It vas initially planned 
to impose to the anchors cyclic post-yield shear displacements. Hoyever~ since 
after the attainment of the maximum shear response~ V ~ either the concrete cover 
vas splitting 8YBy or the anchor itself failed~ the a~plication of large post
yield displacements vas not possible. Hence , full displacement reversals betveen 
values +A ,-A or +0.50A ,-0.50A were performed . 

u u u U 

The role of the crack vidth 
the crack width on the cyclic 

For both failure modes, no apparent 
behaviour of anchors vas observed. 

influence of 

Characteristics of hysteresis loops 
are presented as obtained from tests 
respect! vely. 

In Figs 7 to 9 typical hysteresis loops 
on undercut, expansion and chemical anchors 

Independently of the type of anchor tested each time~ as vell as independen
tly of the failure mode of the anchors, the folloving typical characteristics of 
the hysteresis loops were observed: 

There vas a more or less pronounced asymmetry of the hystereSiS loops in the 
tva loading directions (smaller force-response in the second loading direction 
than in the first one for the same shear displacement value). The asymmetry vas 
very pronounced in case of chemical anchors and less important for the other tYPes 
of anchors. 

A very pronounced pinching effect vas observed in all cases in both loading 
directions . Therefore, even during the second reversal, a large shear displace
ment (approximately equal to half the maximum one) vas needed for the mobilisa
tion of the shear response. Besides, due to pinching effect~ the area of the hy
steresis loops was small; hence, the hysteretic damping vas also small. 

Considerable force-response degradation due to cycling vas observed for all 
three types of anchors. The larger part of this response degradation occurred 
during the second reversal; in the subsequent cycles, a tendency to response 
stabilisation vas recorded (Fig.IO) . After five full reversals, the force response 
of anchors vas varying between 60% and 80% that of the first reversal (depending 
on the type of anchor). 

In case of undercut and expansion anchors~ the cycling at displacement va
lues smaller than the one corresponding to the maximum shear response, V , did 
not seem to influence the behaviour of anchors when they were subsequent~ loaded 
up to fallure. In fact, as shown in Figs 7 and 8, when after cycling anchors 
were subjected to larger A-values~ the V- A curve seemed to meet the "virgin" one 
corresponding to monotonically increaSing shear displacements. On the contrary, 
in case of chemical anehors~ even cycling at lov displacement values led to a 
considerable deterioration influencing the behaviour of anchors at higher d-va
lues (comp. Fig. 9). 

It should be mentioned that considerable improvement of the cyclic behaviour 
of anchors may be expected, in case transverse reinforcement is added to the con-
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crete cover. As tests on monotonic actions have already proved (Ref. 3), conside
rable increase of both the maximum force-response and the shear displacement cor
respond1ng to V occurred vhen transverse re1nforcement vas present, vh1le a con
siderably smootHer falling branch vas obtained. It should be noted, hovever, that 
such an improved behaviour may not be expected in case of steel failure of the 
fastening. 
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