
12th International Conference on Structural Analysis of Historical Constructions 
SAHC 2020 

P. Roca, L. Pelà and C. Molins (Eds.) 

ANCHORAGE OF REINFORCEMENT BARS IN HENNEBIQUE R.C. 
STRUCTURES  

A. BRENCICH*, M. NEBIACOLOMBO2

1Department of Civil, Chemical and Environmental Eng.ng (DICCA) 
University of Genoa – Polytechnic School 
viale Cambiaso 1 – 16145 Genova (Italy) 

e-mail: brencich@dicca.unige.it, www.dicca.unige.it (*corresponding author)

2 Department of Civil, Chemical and Environmental Eng.ng (DICCA)
University of Genoa – Polytechnic School 
viale Cambiaso 1 – 16145 Genova (Italy) 
e-mail: matteo.nebiacolombo@outlook.it

Keywords: Hennebique-type structure, Anchorage, Collapse Mechanism 

Abstract. The Hennebique system was the most successful among the patented systems in the 
pre-code period even though the design rules were not completely clear. Anchorage of the re-
inforcement is one of these unknown aspects and how it was calculated, and if it was 
calculated at all, is still today not clear. For this reason, the efficiency of the anchorages is one 
of the major issues when dealing with retrofitting a Hennebique structure or when its safety 
needs to be evaluated. In this paper a series of tests have been performed on the typical 
Hennebique an-chorages for reinforcing bars (fish-tails) and for the plate stirrups (bended 
ends) that were used. Different concrete types have been used so that either the collapse 
mechanisms of the anchor-ages and their ultimate strength may be identified. 

1 INTRODUCTION 

Even though François Hennebique was not the first to deal with concrete and reinforcing 
bars, no doubt he was one of those who most affected the first years of reinforced concrete 
constructions [1-4]. His patent, although unclear in its theoretical basis and in several techno-
logical aspects, in many countries was the most exploited system in the first pioneering period 
of r.c. constructions [5-7] that ends approx. with WWI [8]. If the Hennebique system did not 
find space in Germany [9], it was used in U.K. due to the cooperation with Mouchel [5] and in 
Spain with Rivera [10] while in other countries, such as France [11], Belgium [4] and Italy [11-
14] it remained the leading building system for a couple of decades.

Even though the first codes in Europe were issued before WWI, in 1902 for Switzerland,
in 1907 for Italy and France [15] and in 1915 for Russia [16], it took more than a decade for the 
patent system to be substituted by a rational approach to r.c. design. This is mainly true for those 
countries in which the patents remained valid till their natural expiration, such as Italy and 
Spain. The outcome is that Hennebique structures, or Hennebique-like structures, built till ap-
prox. the ‘20s, remained un-engineered to a large extent.  
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Nowadays warehouses, industrial facilities, a large number of bridges and buildings, either 
residential and public, built according to the Hennebique system, are in service. For many of 
them retrofitting is needed due to several reasons, such as material degradation, re-functioning 
and, mainly for strategic buildings such as schools, hospitals and public offices, for their seismic 
upgrade. 

The intrinsic weaknesses of the early reinforced concrete structures, among which the 
Hennebique system plays the major role, is well known and addressed by several authors [4, 
17-22]. The two main issues need specific attention: i) concrete compressive strength, affecting
the bending capacity of the beams; ii) shear capacity, which depends on the amount of shear
reinforcement and on the efficiency of its anchorage.

This paper addresses a specific problem: the anchorage performance of either bending and 
shear reinforcing bars. Due to the reduced anchorage length, only partially compensated by the 
shape of the bar, it will be showed that in most cases the bending and shear capacity is limited 
by the sliding of the bars in the anchorage regions. This outcome is crucial when the structural 
performance of a Hennebique-type structure has to be estimated. 

2 ANCHORAGE OF REINFORCING BARS IN THE HENNEBIQUE SYSTEM 

Figures 1 to 3 show the typical reinforcement of a Hennebique beam. 

- 50% of the longitudinal reinforcement (cylindrical bars from 10mm to 40mm in diameter)
is bended up at 1/3 of the span, figure 1, [7] and [24], and anchored on the upper side by
means of fish-tail expansions. Such a rule is simply geometric and in the archives there is no
rational reason for such a choice; the upper bars, therefore, are not proportioned to the neg-

ative bending moment.

Figure 1. Longitudinal section of a beam according to the USA Hennebique patent [27] 

- the anchorage of the main bars consists of fish-tail ends; hooks were used for secondary bars

only, figure 2. The fish tails were open as much as to get to twice diameter of the bar.
Amongst the large number of load tests to collapse performed by Hennebique and his con-
cessionaries, some showed the collapse of the anchorage of the longitudinal bars, figure 3;

there is no evidence that this outcome of the test neither lead to some change in the detailing
of the bars nor raised attention on the bar anchorage.
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Figure 2.  Fish-tail ends and hooks of reinforcing bar of the slab of a villa inside the Villa Gruber park, Genoa, 

unknown building date, in-between 1900 to 1930. 
 

 
Figure 3. Load test to collapse of a T beam performed by the Porcheddu company [24] – unpublished photo 

 

 
Figure 4. Typical shape of a stirrup, 1897 [28] 
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- The shear reinforcement consists of steel plates, 2-to-3 mm thick, 20-to-50mm wide, figure
4. The spacing of the stirrups, figure 1, was geometrical with minimum spacing close to the
supports. There’s no explicit origin of such a choice, that is somehow rational, that probably
originates from the load tests that Hennebique in his company and his concessionaries per-
formed up to collapse. The anchorage of the stirrups is obtained by means of a slight bend
of the plate in the compressed part of the beam; also in this case the efficiency of such an
anchorage system is to be discussed.

3 THE EXPERIMENTAL PROGRAM 

The goals of the research are the identification of the anchorage mechanisms up to collapse, 
either for longitudinal bars (bending) and for stirrups (shear), taking into account different 
concrete compressive strength and a grading curve that resembles an ancient pre-code concrete. 

3.1 Concrete mixtures 

An historical concrete differs from modern concretes because of: i) improper mixture (not 
following any grading curve); ii) round aggregates; iii) excess in water content; iv) low strength 
(in general, mainly for residential buildings. Industrial facilities and bridges usually exhibit 
medium-to-high strength concrete). 

Figure 5. Granulometric sieve curve of the historical-like concrete used compared with the limit Fuller curves 

The concrete mixture used for the concrete of the tests was defined according to a weight 
criterion, like the standard building practice in the past: 50kg of round coarse aggregate (max φ 
= 30mm) + 50kg of crashed medium aggregates (max φ = 15mm) + 25kg of crashed fine ag-
gregates (max φ = 3mm) + 25kg of sand (max φ = 0.5mm).  

Figure 5 shows the granulometric Fuller sieve curve [31] for the aggregates used and the 
grading curve deduced for a Hennebique concrete obtained in [18]; it can be seen that pre-code 

Fuller 
lower limit 

Fuller 
upper limit 

Grading curve 
of the mix 

Hennebique concrete 
grading curve [18] 
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concretes, and the one used in the tests, exhibit grading curves above the upper Fuller curve, 
nowadays used for aggregate proportioning.  

Five concrete types were used, table 1, aiming at setting a mix that includes the main defects 
of historical concrete, such as high porosity and severe bleeding. The first four types, for which 
in figure 11 the maturation curves are represented (either EC2 curves [31] and the best-fitting 
ones, curing conditions of the specimens as in [32-33]) were used for estimating the strength of 
the anchorage, whilst the fifth concrete was used for estimating the effect of transversal con-
finement on the anchorage strength. 

 

Table 1. Concrete strength and mixtures for the 5 ancient-type concrete 

Concrete 
mix 

Cement  
[kN/m3] 

Cement  
/batch [kg] 

Water/Cement 
ratio 

Porosity 
[%] Rc,28days 

C.o.V. [%] 
(6 samples) 

Mix_1 2.0  18.2 1.0 8.3 8.4 3.2 
Mix_2 3.0 27.3 0.8 8.6 14.5 2.2 
Mix_3 4.2 38.3 0.6 8.3 25.8 2.8 
Mix_4 5.0 45.5 0.5 7.3 29.9 0.5 
Mix_5 3.0 27.3 0.8 8.3 20.2 3.0 

3.2 Specimens and loading conditions 

Two steel specimens have been tested: 

- fish-tailed bars, 20mm in diameter, figure 6 

- plate stirrups 30 and 50mm wide, 3mm thick, shaped as the standard stirrups of the 
Hennebique system, figure 7. 

The specimens were casted inside concrete cubes, figure 8; for both the anchorage systems 
the four concrete types of table 1 were used using standard curing conditions ([32] and [33]). 

 

 
Figure 6: Fish-tailed anchorage of bending reinforcement. From a residential building in Genoa, Villa Grüber 

park, Genoa, Porcheddu Building Company, in-between 1920-to-1930. main geometric ratios. 

The load test was displacement-controlled in order to get also the post-peak response of the 
anchorage. The load was measured by means of a CLASS 1 load cell (error less then 0.1%) and 
the displacement by means of digital transducers with an error less than 0.01mm. The loading 
rate was 3mm/minute so that the peak load was reached, on the average, after 3 minutes.  

φ 

2φ 
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The lateral confinement was provided by means of bolts and stiff distributing steel devices, 

figure 8, which applied a lateral average compressive stress σ1 and σ2 of 0.75 N/mm2. 

 
Figure 7: Plate stirrups – Porcheddu Archive, Technical University of Turin – unpublished drawings. 

 
 

  
Figure 8: Tested specimens casted in the concrete cube.  

4 TEST RESULTS 

4.1 Test results 

Figures 9-to-11 show the load-displacement response of the three different specimens for the 

four concrete types tested. Figure 12 shows the average load-displacement curve, i.e. plotting a 

curve that is the average out of the 5 diagrams of the previous figure.  

a) b) 

σcontr σcontr 

σ1 
σ2 

σ1 

σ2 
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Figure 9: Load-Displacement response of fish-tailed bars (φ=20mm) 

 

  

  
Figure 10 Load-Displacement response of 30mm wide plate stirrups 
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Figure 11 Load-Displacement response of 50mm wide plate stirrups. 

 
Apart from the anchorage force, a difference is clear between the collapse of the fish-tail end 

and the plate stirrups: in the first case the peak load is attained at the end of a substantially linear 
phase and is followed by a relatively fast decrease in strength. In the case of stirrups, instead, 
the post peak response shows a substantially constant anchorage force also for large displace-
ments. 

We can also outline that the anchorage strength never induces in the bar a stress level close 
to yielding. This means that due to anchorage weakness, the steel elements used in the 
Hennebique System are unable of using their whole section. 

4.2 Collapse mechanism of the anchorage 

Figure 13 shows the fish-tail anchorage before (left) and after (right) the pull out test. It can 
be recognized that the fish-tail end has been shrank from twice the bar diameter to the bar 
dimeter for low strength concrete and to 0.75 the bar diameter for high strength concrete. 

Figure 14 shows the concrete cube after the pull-out test of the bar. It is clear that the fish-
tails slide inside the cube producing a rather limited crushing zone just around its original po-
sition. 

Figures 15 and 16 are related to the case of plate stirrups. It can be recognized that the col-
lapse mechanism of the stirrup anchorage system almost does not involve concrete being lim-
ited to the rectification of the bended plates. 

These mechanisms explain the main features of the diagrams of figure 9: fish-tail anchorage 
is shrank inside the concrete but this asks come concrete crushing to take place at the beginning 
of the pull-out test. For this reason, the anchorage strength depends on the concrete strength 
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and for this same reason, concrete crushing, the post peak response shows a clearly softening 

branch. 
For plate stirrups, instead, being the collapse of the anchorage mainly due to the plate recti-

fication, the anchorage strength is little dependant on the concrete strength. 
 

   

 

 

Figure 12 Load-Displacement response – average values 

 

     
Figure 13: Fish-tail anchorage a) before and after the pull out test for b) low strength and c) high strength con-

crete. 
 

a) b) c) φ 

2φ φ 0.75φ 
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Figure 14: Track left in the concrete cube by the fish-tail anchorage. a) sliding of the bar along the steel/concrete interface; b) 
the central track (black arrows) show the sliding and the side crushing of the concrete due to the two tails 

 

 
Figure 15: Plate stirrup: deformed stirrup after the pull-out test. 

 

12 CONCLUSIONS 

- Fish-tail ends. The strength of the anchorage never exceeds the force needed to close the 
fish-tails. The anchorage strength is approximately this value for medium and high strength 
concrete, but drops down to half this value in the rather common case of low strength con-
crete. 

- Plate Stirrups. The collapse mechanism is that of rectification of the bended ends by sliding 
inside the concrete mass. It is not clear, at this point of the research, which could be a refer-
ence value for the anchorage. 

- In both the test series, a biaxial confining stress state has been applied (0.75N/mm2). This 
transversal stress field is the best condition for this kind of anchorage. In case the lateral 
confinement is not biaxial and/or with lower stresses, the anchorage efficiency is expected 
to be lower. Further research is needed on this issue. 

b) a) 
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Figure 16: Track left in the concrete cube by the plate stirrup. It is clear that almost no concrete crushing takes place around the 
stirrup. 
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