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Abstract  

Resumo

A series of 51 square headed anchor bars  was tested in axial tension, in which the main variables were bonded length 
along the bar, distance of the embedment to an edge, effective depth, casting position (top, middle and bottom) and ori-
entation (horizontal and vertical) of the embedment in the concrete block.  Test results showed that the anchor strength 
decreases linearly with the decrease of the distance of the embedment to an edge, and that the anchor strength can 
increase 2.6 times when the effective depth increases from 50 to 100 mm for top and bottom bars.  The increase in the 
anchor strength due to bond ranged from 3% to 50%.  It was observed that the ultimate strength of anchor located at 
the bottom can be 32% higher than that of anchor located at the top, and that orientation of the anchor did not affect 
the failure load.

Keywords: Anchor bolt,  free edge influence, bond, casting position, embedment orientation.

Neste trabalho foram testados 51 pinos de ancoragem curtos com cabeça quadrada, sujeitos a forças de tração, tendo 
como principais variáveis a distância do pino à borda, a altura efetiva, a existência de aderência ao longo da haste, 
a posição (superior, intermediário e inferior)  e a orientação (horizontal e vertical) do pino no bloco de concreto.  É 
demonstrado que a resistência da ancoragem diminui linearmente com a diminuição da distância até a borda e que com 
o aumento da altura efetiva, de 50 mm para 100 mm, a carga de ruptura pode aumentar 2,6 vezes nas ancoragens lo-
calizadas na posição inferior e superior do bloco.  O aumento na carga última decorrente da aderência ao longo da haste 
do pino varia de 3% a 50 %.  É observado que a resistência das ancoragens inferiores chega a ser 32% maior do que 
as superiores e que não há variação na carga de ruptura com a mudança na orientação.

Palavras-chave: Pino de ancoragem, influência de borda, aderência,  posição, orientação.
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1 Introduction

Headed anchor bars have been used in structures such as 
hydroelectric and nuclear power plants where heavy equip-
ments and pipelines are supported by concrete members.  
Their primary function is to fix the equipments and piping, 
introducing concentrated loads on the concrete members.
The anchor studied in the present work is formed by a square 
plate welded at the end of a straight reinforcing deformed bar.  
This type of anchorage was first developed for use in joints of 
framed concrete structures of offshore platforms [1].
The objective of the present work was to study the 
strength of a shallow embedment anchor bar failing by 
concrete cone breakout, throughout a series of 51 pull-
out tests.  The main variables were bonded length along 
the bar, embedment distance to an edge, effective depth, 
casting position (top, middle and bottom of the concrete 
block) and orientation (horizontal and vertical) of the em-
bedment inside the block.

1.1 Variables affecting the ultimate   
 capacity

The variables that affect the ultimate capacity of shallow 
embedment anchor bar failing by concrete cone breakout 
are concrete strength, bonded length along the bar (only for 
reinforcing deformed bar), edge distance, effective depth, 
head size, casting position and embedment orientation.
The concrete cone breakout mode of failure clearly indi-
cates that the ultimate capacity depends on the concrete 
tensile strength.  Bond along the embedment length im-
proves the slip performance of the anchor and provides a 
small increase in ultimate capacity [2]. 
The behavior of anchor systems close to an edge is similar 
to the behavior of anchor systems in cracked zones.   Ac-

cording to Eligehausen et al. [3], cracks affect the ultimate 
capacity because they create a stress disturbance zone 
which causes a decrease of the surface area available to 
transfer tension forces and do not allow axi-symmetric 
force transference (Figure 1).
The concrete cone failure load increases with the increase 
of the embedment depth hef  . Assuming no size-effect, 
the failure load increases in proportion to 2

efh . Studies 
based on fracture mechanics (Eligehausen e Ozbolt [4]) 
have shown that the failure load is affected by a factor of 

−0.5
efh , resulting in a failure load proportional to  

1.5
efh . Ac-

cording to Ozbolt et al. [5], when the head size increases 
the ductility of the response decreases, but the concrete 
breakout resistance increases.
Casting position refers to the location of the bar within the 
fresh concrete and orientation refers to the direction of the 
bar relative to the direction of concrete casting.  Luke et al. 
[6] observed that the bond strength of embedded deformed 
bars cast near the edge decreased with the increase in the 
depth of concrete cast below the bar and that vertical bars 
(parallel to the direction of concrete casting) displayed less 
bond capacity than horizontal bars at the same level.

2 Experimental program and materials

2.1 Experimental program

Compressive concrete strength cf , bar diameter d  and 
head size hd  were kept constant. The variables adopted 
in this work are described below. 
• Edge distance xc : distance from the bar axis to the  
 closest edge (Figure 2a);
• Effective embedment depth hef  : distance from the  
 top (loaded) surface of the test specimen to the  inner  
 surface of the head  (Figure 2a);
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• Bonded length bl : length along which bond exist  
 between concrete and bar (Figure 2a);
• Casting position: position of the anchor at the occasion  
 of casting, relative to the height of the concrete block;  
 three positions were considered: top, middle and  
 bottom (Figure 2b); 
• Orientation: direction, horizontal or vertical, of bar  
 axis (Figure 2b).
Depending on the edge distance, two additional dependent 
variables were obtained: the ratio of the projected area nA

, limited by the edge, of the concrete cone at the concrete 
surface  to the total projected area oA  and the ratio of the 
perimeter nU  of nA  to the perimeter 0U  of oA . The ra-
dius of both areas is  +ef h1.5h d 2  (Figure 2 a).
Four concrete blocks with dimensions 1000 x 1000 x 1000 
mm were constructed for the tests. In each block, the 
headed bars were spaced at distances sufficient to avoid 
overlap of the failure cones. The distance between the sup-
ports of the frame (Figure 3), was higher than six times 
the embedment depth in order to avoid any interference of 
the frame reactions on the concrete cone. 
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Axial displacement of the anchor relative to a point outside the 
failure cone was measured by a dial gage.  This displacement 
includes the elongation of the bar and the head displacement 
due to concrete deformation.  The load was applied in small 
increments and was measured with a load cell. 

2.2 Materials

The bars were made of CA-50 steel (specified yield strength 
of 500 MPa) with diameter of 20 mm.  Their mechanical 
properties were obtained by tests carried out on two sam-
ples according to NBR6152/92 [7].  The values of yield and 
ultimate strength were 570 MPa and 677 MPa respectively.  
The elastic modulus was 211 GPa and the strain corre-
sponding to yield strength was 2.7 mm/m.
The target compressive strength of concrete was 20 MPa 
at 28 days.  Aggregate maximum-size was 19 mm and 
the specified slump was 90 mm ± 10 mm.  Concrete cyl-
inders 150 x 300 mm were cast to obtain the compressive 
strength [8], elastic modulus [9] and the splitting tensile 
strength [10] at 28 days.  The values obtained for the 
concrete used in blocks 1 and 2  and blocks 3 and 4 were: 
19.7 and 20.3 MPa for the compressive strength; 2.43 and 
2.50 MPa for the tensile strength and 21.6 and 22.6 GPa 
for the elastic modulus.

3 Results and discussion

3.1 Failure modes and ultimate loads

The mode of failure of all specimens was pullout cone 
failure delimitated by a surface initiating at the head of 
the anchor and progressing towards the block surface, as 
shown in Figure 4.  In some cases, cracks appeared in the 
region around the head indicating the beginning of lateral 
failure and/or cracks that splitted the concrete cone into a 
number of blocks, as shown in Figure 5.
The ultimate load and mode of failure of the anchor bars 
with effective depth of 50 mm and 100 mm are shown in 
Tables 1 and 2 together with bonded length, casting po-
sition and orientation, compressive and tensile concrete 
strengths cf  and tf , and the measured ratios 0n AA , 

0n UU  and cx/hef.

3.2 Influence of bonded length 

The comparison of the ultimate loads u,bondF  of the anchor 
with bonded length bl  equal to effective depth hef  with 
the ultimate loads u,no bondF  of the anchor without bond 
is shown in Table 3.  It is observed that all values of the 
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u,bond u,no bondF F  ratio were higher than 1.0.  This can be 
explained by the reduction of the stress exerted by the 
head of the anchor on the concrete caused by bond stress 
developed along the bonded length [2].
The mean value of the u,bond u,no bondF F  ratio varied from 
1.21 (for top anchor with  =efh 50  mm and bottom an-
chor with =efh 100  mm) to 1.43 (middle anchors with 

=efh 50 mm).  The mean value of the increase of the an-
chorage capacity for the anchors with lb = hef was 32.0%, 
with coefficient of variation of 18.5%.

3.3 Influence of edge distance

To estimate the loss of the anchor strength due to a close 

edge, the ratio of the ultimate load n,uF of each anchor to 
the ultimate load Iso,uF of the isolated anchor ( Iso,un,u FF ) 
was calculated (Table 4).  The anchors with effective depth 
of 50 mm, at the top position and orientated vertically,  pre-
sented decreasing values of Iso,un,u FF  from 1.00 to 0.53 
for =n 0A A 1.00  and =n 0A A 0.70  respectively.  This 
reduction was also observed for the other situations.
The anchors with 100 mm effective depth, located at the 
middle position and orientated horizontally, presented the 
lowest values of Iso,un,u FF  because the concrete in the 
block corners could be of poorer quality.
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3.4 Influence of effective depth

The ultimate loads 100,uF  and Fu,50  of the anchors with 
100 mm and 50 mm effective depth are compared in Table 
5 for the anchors at the same position, orientation and 

0n AA ratio.  The mean values of Fu,100/ Fu,50 and of the 
coefficient of variation of the anchors located at the top 
and bottom positions show little differences; if they are 
considered altogether,  these values would be 2.62 e 0.08 
respectively.
The anchors located at the middle position showed the 
lowest values for the ratio Fu,100/ Fu,50 due to the higher 
strength loss of the anchors with 100 mm effective depth 

close to an edge.  The mean value of Fu,100/ Fu,50 was 2.29 
and the coefficient of variation was 0.23.

3.5 Influence of casting position 

The influence of casting position is verified by comparing 
the values of the ultimate loads of the anchors located 
at bottom ( u,botF ) and middle ( u,midF ) positions and the 
ultimate loads ( u,topF ) of the anchors located at the top 
position, as shown in Table 6.   In general, the bottom and 
middle anchors displayed ultimate loads higher than those 
of the top anchors.
The mean values of the ultimate loads of the bottom and 
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middle anchors were 1.32 and 1.18, respectively, higher 
than the mean values of ultimate loads of the superior an-
chors.  This increase is attributed to the better quality of 
concrete at the bottom of the concrete block, where there 
is a higher concentration of coarse aggregate, and due to 
the higher amount of concrete above the anchors.

3.6 Influence of orientation

Table 7 shows the ultimate loads of the group of anchors 
with horizontal and vertical orientations, located at the 
top and bottom positions in the concrete block. The ratio 

.V,u.H,u FF  of the ultimate load .H,uF  of a horizontal an-
chor to the ultimate load .V,uF  of a vertical anchor pres-
ents little variation around the unit value, for the anchors 
located at both superior and inferior positions.  The mean 
value of this ratio is 0.99 with coefficient of variation of 
5.6%.  These results show that the orientation of the an-
chor has no influence on the anchor strength  for effective 
depth of 50 mm.

3.7 Displacements

The measured axial displacement l∆  relative to the con-
crete block includes the elongation ∆ c

steell  of the external 
length of the bar and the displacement δ  due to the elon-
gation of the embedded bar length plus the head displace-
ment (Figure 6).  ∆ c

steell  can be evaluated (while the bar 
behaves linearly)  by the expression Fl / EA (E = 210 GPa).
For the anchors with bonded length (lb = hef), the dis-
placement δ = ∆ − ∆ c

steell l  is due to the elongation of the 
embedded bar length plus the head displacement.  For 
the anchors without bond ( =bl 0 ),  δ  is due to the head 
displacement only. 
Figure 7 shows the load-displacement response of the an-
chors with effective depth of 50 mm and 100 mm, at the 
top, middle and bottom positions, and with  0n AA  = 
0.90.
The anchors located at top position (P37A and P07) had 
the highest displacements δ , for each effective depth at 
the same percentage of ultimate load.
The increase of effective depth from 50 mm to 100 mm 
caused an increase of δ  for the same percentage of ul-
timate load due to the decrease of the ratio of the head 
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size to the effective depth.  Low values of this ratio cause 
a reduction of the effective depth due to concrete crushing 
above the head [5].
Figure 8 shows the load-displacement δ  curves of the an-
chors with and without bond (lb = hef and =bl 0 )  which 
have, for the each effective depth, same 0n AA ratio, 
same position and orientation.  For the anchors without 
bond, the displacement δ  is relative to the head only.
The bonded anchors (lb = hef), P22 and P47, showed the 
lowest displacements δ = ∆ − ∆ c

steell l  as compared to the 
anchors with no bond ( =bl 0 ), because the ribs acted as 
an additional mechanical anchorage which provided the 
reduction of the displacements.

4 Conclusions

The objective of the present work was to study the 
strength of a shallow embedment anchor bar failing 
by concrete cone breakout, throughout a series of 51 
pullout tests.  The results presented in this study have 
shown that:
• the ultimate loads of bonded anchor bars were 3% to 
50% higher than the ultimate loads of anchors with no 
bond, with mean value of 32% and corresponding coef-
ficient of variation of 18.5%;
• the lower the distance to an edge, the lower the ultimate 
load of the anchorage;  for the smallest distance consid-
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ered in this study, a reduction of 35% in relation to an 
isolated anchor was observed;
• the increase of effective depth from 50 mm to 100 mm 
resulted in an increase of the anchor capacity  up to  2.29 
times for anchors located at middle position and up to 2.62 
times for the top and bottom anchors;
• ultimate loads of anchor bars located at bottom and 
middle positions were 32% and 18% higher than ultimate 
loads of top anchors;
• the orientation of the anchors had no effect on the anchor 
capacity of the anchors with effective depth of 50 mm;
• the displacement due to head displacement plus the 
elongation of the immersed bar length of the top anchors 
were higher than the displacements observed in the bot-
tom and middle anchors;
• anchors with effective depth of 100 mm presented dis-
placements higher than those observed in the anchors 
with effective depth of 50 mm at the same load level ex-
pressed as a percentage of the ultimate load;
• bond between bar and concrete  reduces the head 
displacements.
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