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ROTATIONAL CAPACITY OF REINFORCED CONCRETE BEAMS 

J. P. Ulfkjær, M. S. Hcnriksen, R. Brinckcr, L. P. Hansen, G. Heshc and J. K. Jehrbo 

Aalborg University , Department ofBuilding Technology and Structural Engineering, 

Sohngaardsholmsvej 57, DK-9000 Aalborg, Denmark. 

ABSTRACT 

The European Structurallntegrity Society-Technical Commitlee 9, has initiated a Round Robin 

on 'Scale Effects and Transitional Failure Phenomena ofReinforced Concrete Beams in Flexure'. 

In Denmark, Aalborg Universily is participating. The programme for Aalborg University involves 

an experimental progranune where 120 reinforced concrete beams, 54 plain concrete beams and 

324 concrete cylinders are tested. For the reinforced concrete beams four different parameters are 

varied. The slenderness is 6, 12 and 18, the beam depth is l 00 mm, 200 mm and 400 mm giving 

nine different geometries, five reinforcement ratios between 0.14% and 1.57%, and the concrete 

has a compressive strength o f approximately 60 MPa or 90 MPa. The beams are Iested in three­

point bending in a servo controlled materiais testing system specially designed for the wide range 

of geometri es. The easting ofthe bean1s is finished. The experiments are present! y performed and 

will continue until the summer of 1995. At present only results for the beam type with the 

dimension l 00 mm x l 00 mm x 1200 11ll11 of normal strength concrete for all the reinforcement 

ratios and for geometrically similar beams with the reinforcement ratio 1.57% is available. The 

results are presentedasnon-dimensional ultimate bending moments and the rotational capacity. 

The results show that the ultimate non-dimensional bending moment is dependent on the 

reinforcement ratio, when the reinforcement ratio is smal!, and independent for larger 

reinforcement ratios and that the rotational capacity is dependent on the reinforcement ratio, 

especially increasing at low reinforcement ratios. For geometrically similar beams indifferent 

size scales the experiments show that the non-dimensional moment is decreasing with size and 

that the rotational capacity both increases and decreases with the size scale. 

Key words: Rotational Capacity, Concrete Beams, Experiments, Size Effect. 
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I INTRODUCTION 

When designing concrete structures one o f the most imporiant t asks for the designer is to ensure 

that the theoretical fraelure will occur as a duetile fracture. One of themeasures o f the ductility 

o f a concrete structure is the rotational capacity. When designing concrete structures according 

to the theory of piasticity for one dimensional structures, i t is very important that the plastic 

rotation in the critical cross-sections is lower than the rotatianaJ capacity. ln most codes the 

rotatianaJ capacity is assumed only to be dependent on the non-dimensional size of the 

compression zone [!]. With the development offracture mechanics and offast numerical tools 

the it is evident that ductility of concrete structures is dependent on many other factors than just 

the strength and the stiffness o f the steel and concrete used and the reinforcement arrangement. 

lnstead i t is realized that the type uf fraelure is al so dependent on the size o f the structure, the 

fraelure energy ofthe concrete, etc. [2],[3] ,[4] and [5]. The influence ofthese parameters has so 

far not been ful! y investigated or understood. There is therefore a Jack o f knowledge of how the 

rotational capacity is dependent on several factors. CEB has therefore starled task group 2.2 

'Ductility Requirements for Structural Concrete - Reinforcement', [6]. Also the European 

Structurallntegrity Society-Technical-Committee 9 (ESIS-TC9) on concrete, chaired by professor 

Alberto Carpinteri has initiated a Round Robin on 'Scale Effects and Transitional Failure 

Phenomena of Reinforced Concrete Beams in Flexure'. The programme involves both 

experimental and numerical contributions. At Aalborg Universily the experimental programme 

with four different parameters is started. The slenderness is 6, 12 and 18, and the beam depth is 

l 00 nun, 200mmor 400 mm giving nine different geometri es, the reinforcement ratio is between 

0.14% and 1.57% and the concrete has a compressive strcngth o f approximately 60 MPa o r 90 

M P a. 

2 EXPEIUMENTS 

2.1 Materia ls 

Concrete 

At present o n! y beams o f normal strength concretc have been tested. The same mi x is used for 

all the beams. Since the cross section o f the smallest bean1s is o n! y I 00 mm x I 00 mm, the !argest 

aggregate size is chosen as 8 mm. The mix ofthe concrete is shown in Table I. The mechanical 

properties were determined using standard tests. The c y linder compressive strength and the 

Tab le J: Mix proportions ofthe concrete. 

Contents kglm3 11m 3 

Cement PC(AIHS/EA/G) 350 III 

Water 159 I 59 

Piastisizer l. J 0.9 

Grave] (4-8mm) 90I 343 

Sand (0-2 mm) 900 336 

Air o 50 

Density 231 I kg/m3 

Table 2: Mechanicai properties oftested concrete (results from the first six castings). Unitsare 
[Mpa] for the strength and [Jim']. 

Cylinder compressive strength Mean 59.4 

S.Dev 5.89 

Cyl inder splitting tensile strength Mean 3.83 

S.Dev 0.73 

Modulus o f elasticity Mean 36.344 

S.Dev 1854 

Bending tensile strength Mean 5.17 

S.Dev 0.22 

Bending fraelure energy Mean I26.8 

S.Dev 30.04 

modulus of elasticity for the concrete were determined on I 00 mm x 200 mm cylinders. The 

bending tensile strength and the bending fraelure energy was determined on beams with a span 

o f 800 mm and a cross-section of J 00 mm x l 00 mm. The cylinders and the fraelure energy 

bean1s were cured in water at 20°C until the moment o f testing. B e fore testing a note h o f h alf the 

beam depth was diamund saw cut in the beams. In the bending fraelure energy tests the feedback 

signal consisted of contributions from the stroke and the crack opening displacement. The 

constitutive parameters for the concrete are summarized in tab le 2. 
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