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Shear Resistance of Reinforced Concrete Beams Without Stirrups 

 

Abstract 

Shear failures in concrete structures are very hazardous. These failures can rarely be 

predicted and often happen explosively. For decades, tests have been done to study this 

phenomenon, in order to try to solve the riddle that shear is. Researchers have become 

more knowledgeable about shear and what the most important influences are. However, 

Eurocode’s shear equation formula (without shear reinforcement) is based on semi-

empirical procedures. 

My experiment involved testing concrete beams of variable height and consequently 

variable a/d ratio and comparing the test results to three building codes; ACI-318, ENV 

1992-1-1:1991 and EC-2:2004. 

I was also interested in studying shear and its most important influences. 

Six series of beams were cast, three of each series, a total of eighteen beams. They were 

reinforced in the tensile area but not for shear. The variables were two; beams of different 

height (105mm - 335mm) and reinforcing steel percentage (1.31% - 1.55%). 

My findings were that the ACI-318 code gives a very conservative conclusion. The 

Eurocode valid today (EC-2:2004) gives a safe estimation when compared to failure of the 

beam. The code also predicts the first shear crack for the beams except the deepest ones. 

When the formula is applied with the partial safety factor (γc) it becomes very safe. The 

ENV 1992-1-1:1991 code which is the predecessor to today’s code does not give good 

enough results and over estimates the shear resistance in some instances, if not calculated 

with the partial safety factor. 
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Skermótstaða járnbentra, steinsteyptra bita án lykkjubendingar 

 

Útdráttur 

Skerbrot í steinsteyptum byggingum eru mjög hættuleg. Sjaldnast gera þau boð á undan sér 

og verða oft eins og sprenging. Í áratugi hafa verið gerðar tilraunir á þessu fyrirbæri og 

leitast við að leysa gátuna sem sker er. Rannsakendur hafa orðið margs fróðari um sker og 

hverjir helstu áhrifaþættir þess eru. Enn lýtur samt skerformúla Eurocode (án 

skerbendingar) að mestu leyti að fyrri reynslu eða tilraunum. 

Tilraun mín fólst í því að prófa steinsteypta bita af mismunandi hæð og þar af leiðandi 

mismunandi a/d hlutfalli og bera niðurstöðurnar saman við þrjá staðla; ACI-318, ENV 

1992-1-1:1991 og EC-2:2004. 

Einnig var ég áhugasamur um að fræðast um sker í steypu og hverjir helstu áhrifaþættir 

þess eru. 

Sex gerðir af bitum voru steyptar, þrír af hverri gerð, samtals átján bitar. Þeir voru 

járnbentir í togbrún en ekki gagnvart skeri. Breyturnar voru tvær, mismunandi hæðir bita 

(105mm - 335mm) og járnaprósenta (1,31% - 1,55%). 

Niðurstöður gefa til kynna að ACI-318 staðallinn gefi mjög örugga niðurstöðu. Núgildandi 

Eurocode staðall (EC-2:2004) gefur í öllum tilfellum örugga niðurstöðu ef miðað er við 

brot bita. Staðallinn spáir einnig vel fyrir myndun á fyrstu skersprungu nema í dýpstu 

bitunum. Þegar öryggisstuðlinum (γc) hefur verið deilt í formúluna verður hún mjög örugg. 

ENV 1992-1-1:1991 staðallinn sem er fyrirrennari núgildandi staðals gefur ekki nógu góða 

niðurstöðu og ofmetur skermótstöðu sumra bita ef ekki er reiknað með öryggisstuðli. 
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1. Introduction 

1.1. Background 

In 1955, the roof of the Wilkins Air Force Depot in Shelby, Ohio, suddenly collapsed due 

to a shear failure of 914mm deep beams. No shear reinforcement was at the location of the 

failure, only longitudinal steel with the ratio of 0.45%. The beams supporting the roof were 

under no other load than the self-weight of the roof. Based on calculations after the 

collapse the shear stress in this critical section of the 20MPa concrete beam was only 

0.5MPa. According to the ACI building code valid at the time, it permitted a shear stress of 

0.62MPa when the concrete strength was 20MPa. Two years later, experiments were made 

to test the beam that had failed. Their findings were that the beam could resist a shear 

stress of 1.0MPa, however the shear capacity was reduced 50% when applying axial 

tension stress of 1.4MPa. Their conclusions were therefore that the beam had failed due to 

stresses caused by shrinkage and thermal movements (Ghannoum, 1998). 

Following this accident, Kani investigated (Kani, 1966) & (Kani, 1967) among others the 

size effect in concrete beams not provided with stirrups and continued to study the 

mechanic behind the shear failure which he had previously begun. 

1.2. Aim and Objectives of this Research 

For decades, concrete investigators have been trying to solve “the riddle of shear failure” 

as Kani described it in his paper (Kani, 1964).  

My aim in this thesis is not to solve this complicated phenomenon but rather just to scratch 

the surface of the subject as an introduction to my experiment. 

The objectives of this research are to: 

 Review the shear transfer mechanism and different failure modes for simply 

supported rectangular concrete beams without shear reinforcement. 

 Compare the new Eurocode 2:2004, its predecessor ENV 1992-1-1:1991 and the 

ACI-318 to my test results to evaluate the accuracy in predicting shear failure. 

 Recreate Kani’s valley according to my test results. 
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2. Size Effect in Concrete Beams 

The EC2:2004 shear resistance formula is size effect dependent. If the effective depth in 

the member is greater than 200mm, the shear resistance is decreased. On the contrary with 

the ENV 1992-1-1:1991 the shear resistance is decreased due to size effect, only if the 

height of the member is below 600mm  

Leonhardt, Walther and Kani were among the first to aim their studies directly at the 

influence of size effect in shear.  

2.1. Leonhardt and Walther 

For nearly two years in 1961-62, Professor Fritz Leonhardt along with René Walther 

conducted experiments “The Stuttgart shear tests” on shear strength in concrete beams to 

explain the important variables for the shear failure theory. Those variables were 

reinforcement ratio, bond of the longitudinal reinforcing and type of loading (point loads 

and uniform loads). Over that period Leonhardt and Walther discovered the lack of 

experimental data on deep members without shear reinforcement. In a paper published in 

Canada 1965 which was a translation of a series of articles published in Germany 1961-62 

they wrote: 

For the numerous shear tests, carried out earlier mainly in the United States, it is 

noticeable that always beams of approximately 30 centimeters usable height and a 

length of from 2 to 3 meters were tested. The question arises if the results of these 

laboratory tests are also valid for larger structures especially since a few countries 

have derived empirical formulas for the design from these tests. Therefore we must 

prove if the principals of similarity are applicable for shear tests to failure. 

(Leonhardt & Walther, 1961-1962, p. 53) 

They therefore made an attempt to investigate the size effect in shear. 

Their size effect test plan contained two series of rectangular beams (Series C and D) 

without shear reinforcement and a constant a/h ratio of 3.0.  
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Beams in Series C were similar where the dimensions of the beams varied proportionally 

but the diameter of the bars was kept constant, thus, the number of bars varied (Table 2-1). 

Reinforcing ratio was kept constant at 1.33%. The beams’ height was 150mm, 300mm, 

450mm and 600mm. 

Table 2-1: Leonhardt & Walther size effect test – Series C (Leonhardt & Walther, 1961-1962) 

C - SERIES 

Specimen l a h b 
No. of bars 

Diameter mSU 

nr. mm mm mm mm mm kg/cm
2 

C1 1000 450 150 100 1 - (one layer) 16.0 44.0 

C2 2000 900 300 150 3 - (one layer) 16.0 44.0 

C3 3000 1350 450 200 6 - (two layers) 16.0 34.5 

C4 4000 1850 600 225 9 - (three layers) 16.0 34.5 

Beams in Series D were completely similar where the dimensions of the beam varied and 

the diameter of the bar increased proportionally but the number of bars was kept constant 

with a reinforcing ratio of 1.65%. Beams’ height was 70mm, 140mm, 210mm and 280mm. 

(Table 2-2) 

Table 2-2: Leonhardt & Walther size effect test – Series D (Leonhardt & Walther, 1961-1962) 

D - SERIES 

Specimen l a h b 
No. of bars 

Diameter mSU 

nr. mm mm mm mm mm kg/cm
2
 

D1 520 210 70 50 2 6.0 63.1 

D2 1040 420 140 100 2 12.0 48.5 

D3 1560 630 210 150 2 18.0 43.3 

D4 2080 840 280 200 2 24.0 39.6 

All beams failed in shear as was expected.  

According to similarity laws for bending, the bending moment obtained by     

         should be a constant when all variables are kept in proportion to each other and 

of equal building material. However, their test results showed that when the beam size 

increased the ratio decreased, resulting in lower shear stresses. The results of Series C 

differ 21% between the smallest and the largest specimens but 37% for series D (Table 2-1 

& Table 2-2). For that reason the similarity laws do not apply to shear failure. 
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Leonhardt and Walther discovered that size effect was more apparent when beams were 

kept completely similar (Series D). The shear carrying capacity of the beam decreased 

when the beam size was increased. 

When comparing analogous beams in the two series, they found out that the bond strength  

           was constant in the C-series but not in the D-series. 

As a result, they concluded that when bond strength is kept constant, the size of the beam 

is independent of the shear carrying capacity. 

2.2.  Kani 

Shortly after Leonhardt and Walther conducted their experiments, another investigator 

(Kani) shared the same concerns about a narrow range of depth in test specimens by 

saying: 

TO DATE (1966), the majority of reinforced concrete beams which have been tested 

to failure range in depth from 10 to 15 in. Essentially, these are the beams on which 

all our design practices and safety factors are based. The immediate aim of the test 

program described in this paper was to answer the question: How representative 

are the test results derived from such relatively small beams for the safety factors of 

large beams? (Kani, 1967, p. 128) 

His experiment conducted at the University of Toronto, consisted of four beam series 

without shear reinforcement and the height of 6, 12, 24 and 48 inches (152, 305, 610 

and 1219mm). The beams had three different concrete strengths; fc = 2500psi, 3800psi 

and 5000psi (19.3MPa, 26.2MPa and 34.5MPa) and four different longitudinal 

reinforcement percentages; ρ = 0.5%, 0.8%, 1.88% and 2.8%. The a/d ratio varied from 

1.0 – 10.0 at the most. 

When he emphasized the size effect, he compared the series when every perimeter 

except depth would be a constant. He chose to examine the specimens when ρ = 2.8% 

and the concrete strength 3800psi (26.2MPa). He found out when comparing the 

relative strength of each beam, ru = Mu/Mfl, that a transition point existed a/d = 2.5 - 3.0 

where the beam is shear critical (lowest bending moment at failure). For a ratio below 

that point the beams would withstand more shear force due to arch action. However, 
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when the ratio was above the critical point, the failure occurred simultaneously to when 

the shear crack appeared. 

Figure 2-1 illustrates the four test series with variable depth. The change in the relative 

strength of the beams is obvious. With increasing depth, the beam strength decreases, 

resulting in a reduced factor of safety if a 48 in. beam was to be designed with data 

omitted from a 6 in. beam. 

Mu is the ultimate moment caused by the shear force and Mfl is the ultimate flexural 

moment. Kani then created a graph based on his findings and named it the “valley of 

diagonal failure”. 

 

Figure 2-1: Relative beam strength vs. a/d for concrete members with variable depth (Kani, 1967) 

Kani found out at the same time that the width of the member had no momentous effect on 

shear strength (Kani, 1967). 

He also concluded that shear stresses decrease with an increase in depth when all other 

parameters are kept constant showing a clear size-effect (Figure 2-2). 
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Figure 2-2: Shear stress at failure vs. a/d for concrete members with variable depth (Kani, 1967) 

In his paper “Basic Facts Concerning Shear Failure” (Kani, 1966) he demonstrates when 

looking at all the data from the Toronto tests, that a change in concrete strength had no 

significant effect on the relative beam strength. When lowering the steel percentage the 

transition point almost disappears and the relative beam strength increases (Figure 2-3). 

 

Figure 2-3: Relative beam strength versus a/d and ρ (Kani, 1966) 
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3. Shear in Concrete 

3.1.  General 

In a 1935 Engineering News Record review article for structural design engineers, 

Professor Hardy Cross quoted with approval the paradoxical statement of the 

Cambridge astrophysicist Sir Arthur Eddington that “No experiment is worthy of 

credence unless supported by an adequate theory. (Collins, Bentz, Sherwood, & 

Xie, 2007, p. 75) 

When determining the flexural strength of concrete beams, a theory based on Hooke’s Law 

is used, where stress is proportional to strain and the section remains plane before and after 

bending.  

When determining the shear strength of concrete beams or shear resistance, we have the 

two following cases: 

With Shear Reinforcement: If beams are equipped with shear reinforcement or stirrups, it 

is well known to predict the shear resistance of the web crushing with the truss analogy 

developed by Ritter and Mörsch that is based on the lower-bound theory of plasticity. The 

upper bound solution is used to minimize the strengthening effect of the stirrups 

(Braestrup, 2009). 

Without Shear Reinforcement: When there is no shear reinforcement in place, the shear 

transfer mechanism is the only thing responsible for forming the shear resistance. That’s 

where Eurocode 2 lacks the support of an adequate theory and uses instead totally 

empirical procedures. (Collins, Bentz, Sherwood, & Xie, 2007)  
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3.2. Shear Transfer Mechanism  

The factors assumed to be carrying shear force in cracked concrete to the supports when no 

shear reinforcement is provided for the member, are illustrated in the following free body 

diagram (Figure 3-1). 

 

Figure 3-1: Shear transfer mechanism 

These three factors are the sum of beam action. In addition to beam action, arch action also 

contributes to the shear resistance. 

Many investigators have tried to determine the contribution from each of the elements of 

beam action to shear resistance. It was concluded by some that after inclined cracks 

developed in the concrete, the contribution from each of the following Vd, Va and Vc 

altered between 15-25%, 33-50% and 20-40% (Ziara, 1993) and (Kim & Park, 1996). 

3.2.1. Concrete Compression Zone (Vc) 

Gradually inclined cracks widen in the concrete, the shear resistance from Va decreases 

while Vc and Vd increase. Finally when the aggregate interlock reaches failure, large shear 

force transfers rapidly to the compression zone causing sudden and often explosive failure 

to the beam when arch action contribution is low. 

3.2.2. Dowel Action (Vd) 

Shear resistance caused by dowel action increases as the 

shear reinforcement decreases. Consequently it has a 

significant effect in members where no shear 

reinforcement is provided. When inclined cracks cross 

the longitudinal reinforcing bar, forces act on the dowel 

due to e.g. deflection of the bar at the face of the crack 

Figure 3-2: Dowel action 
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(Figure 3-2). Aggregates around the bar try to resist the deflection by interlocking with 

each other and those entire forces sum up as the total shear resistant of dowel action (El-

Ariss, 2006) & (Dileep Kumar, 2008). 

3.2.3. Aggregate Interlock (Va) 

It is generally believed that aggregate interlock transfers a large part of the total shear force 

to the supports. Width of the cracks, aggregate size and concrete strength are the most 

important variables. When the longitudinal reinforcement ratio is increased with added 

bars to the beam, the width of the flexural cracks gets smaller due to increased shear 

resistance and consequently the contribution of Vd decreases.  

According to previous investigations (Sherwood, Bentz, & Collins, 2007), the shear 

resistance of the normal weight large concrete beams (d=1400mm), increased by 24% 

when varying the maximum aggregate size between 9.5mm and 51mm. The increase 

reduced in the smaller beams (d=280mm) to 6%. Figure 3-3 illustrates their test results. 

Where S-50N2 stands for “Small beam”-“aggregate size”-”number of specimen”. 

 

Figure 3-3: Change in aggregate size in normal weight concrete beams (Sherwood, Bentz, & Collins, 2007) 

This proved their suspicion that larger coarse aggregates can increase shear resistance 

because the surface of the crack is rougher (Figure 3-4).  
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 On the other hand when the concrete strength was increased 

in one of the larger specimen > 70MPa the load at failure 

scored beneath the lower strength concrete. The reason is 

that the surface of the crack was much smoother because all 

of the aggregates had fractured. 

3.2.4. Arch Action 

When beams develop a flexure-shear interaction, the shear resistance consists of two 

different mechanisms, beam and arch mechanisms. The former governs when the a/d ratio 

is above the critical (transition) point and the latter when it is below (Figure 3-5). When the 

arch action begins to contribute more than beam action, the member can achieve 

considerably more load than at diagonal cracking. 

To predict failure mode of the member, Russo et al. (Russo, Zingone, & Puleri, 1991) 

concluded that when arch action governs, shear-compression (SC) failure should be 

expected and diagonal-tension (DT) should be expected if beam action governs. 

When talking about flexure-shear, it’s when bending moment and shear force act together 

in a cross section a/d = M/(V*d).  

 

Figure 3-5: Model for flexure-shear interaction (Russo, Zingone, & Puleri, 1991) 

 

 

 

  

Figure 3-4: Crack passing 

through the concrete, 

around the aggregates 



 

11 

Kani described the arch action as following: 

Under increasing load a reinforced concrete beam transforms into a comb-like 

structure. In the tensile zone the flexural cracks create more or less vertical 

concrete teeth, while the compressive zone represents the backbone of the concrete 

comb. The analysis of this structural system has revealed that two rather different 

mechanisms are possible: as long as the capacity of the concrete teeth is not 

exceeded the beam like behavior governs; after the resistance of the concrete tooth 

has been destroyed a tied arch, having quite different properties, remain. (Kani, 

1964, p. 441) 

Figure 3-6 illustrates Kani’s concrete tooth and backbone of the concrete comb. 

 

Figure 3-6: Flexural failure and concrete teeth (Kani, 1964) 

3.3. Failure Modes in Shear 

The various failure modes in shear without shear reinforcement are described in this 

section. 

3.3.1. Diagonal Failure 

Many types of structural concrete members other than beams have been reported to fail due 

to shear distress or diagonal failure e.g. slabs, foundation, columns, corbels and shear 

walls. It is believed that the shear transfer mechanism is very similar or the same in all the 

cases but the cracking pattern may differ. A combination of shearing force and moment is 

the fundamental cause of diagonal failure (Ziara, 1993). 

3.3.1.1. Diagonal Tension Failure 

The diagonal crack initiates from the last flexural crack formed. The failure occurs in 

beams when the ratio a/d is approximately 2.5 – 6.0 in the shear span “a”. The crack 

propagates through the beam until it reaches the compression zone. When the beam 

reaches a critical point it will fail as a result of splitting of the compression concrete. Often 
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this happens almost without a warning and the failure becomes sudden and brittle      

(Figure 3-7) (Ziara, 1993). 

 

Figure 3-7: Diagonal tension failure 

3.3.1.2. Shear Tension Failure 

This type of failure is similar to diagonal tension failure but applies to short beams. The 

shear crack propagates through the beam but doesn’t cause failure of the beam on its own. 

Secondary cracks travel along the longitudinal reinforcement from the last flexural crack 

and can cause a loss of bond between the reinforcement and the concrete or anchorage 

failure (Figure 3-8). When the beam reaches a critical point it will fail as a result of 

splitting of the compression concrete (Ziara, 1993). 

 

Figure 3-8: Shear tension failure 

3.3.1.3. Shear Compression Failure 

On the other hand, if the diagonal shear crack propagates through the beam, causing failure 

when it reaches the compression zone without any sign of secondary cracks as is described 

in shear tension failure, it’s referred to as a shear compression failure (Figure 3-9). This 

failure mode applies to short beams. 

The ultimate load at failure can be considerably more than at 

diagonal cracking as a result of arch action. 

  
Figure 3-9: Shear compression 

failure 
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3.3.2. Flexural Failure 

Flexural cracks are mostly moment dependent and in long beams. Consequently the cracks 

develop where the maximum moment is in the beam (Figure 3-10). When the shear stress 

in the concrete reaches its tensile strength, cracks develop. The cracks are almost vertical 

and cause failure to the beam due to either of these two cases (Ziara, 1993): 

a) Under-reinforced beams: The longitudinal reinforcement yields excessively resulting 

in failure in the concrete compression zone. 

b) Over-reinforced beams: Concrete in the compression zone fails above the flexural 

crack before the longitudinal reinforcement yields. 

 

Figure 3-10: Flexural failure 

3.3.3. Deep Beam Failure 

Deep beams can withstand considerably more load than at diagonal cracking and are 

considered by many to be the result of arch action, as was mentioned earlier. It can lead to 

at least the two following failure cases: 

3.3.3.1. Anchorage Failure 

A slip or a loss of bond of the longitudinal reinforcement can be considered as anchorage 

failure (Figure 3-11). It can be linked to dowel action where the aggregates interlocking 

resistance around the bar has failed resulting in splitting of the concrete. 

 

Figure 3-11: Anchorage failure (Hong, Kim, Kim, & Hong, 2002) 
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3.3.3.2. Bearing Failure 

Failure at the support is a result of bearing stresses exceeding the bearing capacity of the 

concrete. The stresses are assumed to range between 0.7-0.85fcu (Subedi & Baglin, 1999). 

If the bearing plate is too small it can result in premature failure of the concrete over the 

support (Figure 3-12) (Hong, Kim, Kim, & Hong, 2002). 

 

Figure 3-12: Bearing failure  (Hong, Kim, Kim, & Hong, 2002) 
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4. The Experiment 

4.1.  Design of the Beam Specimens 

To acquire a reasonable amount of information it was decided to construct six different 

types of beams. Three beams were cast for each type, thus leading to a total of 18 beams 

being made. The experiment took place in the Structural Laboratory at Reykjavik 

University where the beam specimens were constructed and tested. It was predetermined to 

have the beams fail in shear rather than bending so no shear reinforcement was provided 

for any of the beam specimens. Normal strength concrete was used for all the specimens 

C25/30. 

All the beams had an overall length of 1250mm and an effective span of 1130mm. The 

breadth was also the same for all the beams, or 200mm. Each type of specimen had a 

different height and consequently variable a/d ratios.  

In order to have the opportunity to compare the results to other experiments it was decided 

to keep the reinforcement ratio at a constant of 1.2%. Initially I thought the ratio was taken 

as As/bw*h but after reading other experiments I found out that the ratio is calculated as 

As/bw*d.  

The size and quantity of the longitudinal reinforcement varied between different types of 

beam specimens since the reinforcement ratio was kept at a constant of 1.2% (As/bw*h).  

The reinforcement was evenly distributed along the breadth of the specimens but with a 

clear cover of 20mm on each side to fulfill the provision of EC-2:2004 since the beams are 

designed for indoor use.  

Several methods are known to anchor the longitudinal reinforcement, internal and external. 

Welding the longitudinal reinforcement together or bending the bars 90 degrees at the ends 

can be considered as an internal anchoring. Welding the longitudinal reinforcement to a 

steel plate on the surface at the end of the beam can be considered as external anchoring. 

This is done to prevent a slip of the reinforcement. 
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The longitudinal reinforcement was bent up at the ends for anchoring in this case. It was 

decided to (MIG) weld the reinforcement together in the ends only to hold them better 

together (Figure 4-2). The pieces used were 6mm in diameter and of the same quality as 

the rest of the reinforcement.  

 

    

Figure 4-1: Reinforcement used in the experiment 

        

Figure 4-2: Reinforcement weld

4.2.  Specimen Identification 

To simplify the identity of the beams in the following pages it was decided to name them 

according to their corresponding height. BS-335 therefore stands for “Beam Specimen – 

335mm”. A, B or C is then added to the identity for separation since three identical beams 

are made of each type, e.g. BS-335-A. 

Table 4-1: Specimen identification 

Identity a/d 
Diameter No. of 

bars 

Area 

(mm) (mm2) 

BS-335 1.14 16 4 804.2 

BS-236 1.86 12 5 565.5 

BS-189 2.4 12 4 452.4 

BS-164 2.81 10 5 392.7 

BS-131 3.68 10 4 314.2 

BS-105 4.83 8 5 251.3 
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4.3. Material Properties 

4.3.1. Concrete 

The concrete used in this experiment was provided by a local concrete plant and brought to 

the site in a concrete truck. Information regarding the mix design was provided by the plant 

and is described below (Table 4-2). More detailed report can be found in appendix A 

(Icelandic). 

Table 4-2: Concrete mix design 

Contents (kg/m
3
) C25/30 

Cement Alborg  301 

Fine aggregates (sand) 1035 

Coarse aggregates 835 

Super plasticizer 0.95 

Air-entraining agent 1 

Aggregate moisture 28.5 

Added water 137 

Density 2338 

Additional information 

W/C - ratio 0.55 

Max aggregate size (mm) 25 

 

4.3.2. Cylinder Specimen 

Three cylinder specimens were cast, according to procedure 

(ÍST EN 12390-3, 2009) to determine the average value of the 

concrete compressive strength fc. The steel cylinders were 

100mm in diameter and 200mm long (Figure 4-3).  

The beam specimens and the cylinders were kept in the same 

place in the laboratory under the same condition for better 

evaluation of the compressive strength. They were both 

moisture cured for the first seven days and wrapped in plastic to 

prevent quick drying. 
Figure 4-3: Cylinder specimen 
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The compressive strength of the cylinders was tested at 

the Innovation Center Iceland laboratory in a 

standardized machine 36 days after casting the 

specimens (Figure 4-4).  

The beams and cylinders were not tested the same day, 

but in the same week. Since more than 28 days had 

passed since they were cast, not much difference in 

compressive strength was expected (Figure 4-5). The 

values in the following table (Table 4-3) are the results of the cylinder tests. 

Table 4-3: Cylinder test results 

Cylinder 
Days 

Average size Weight Force Compressive strength 

specimen b (mm) h (mm) m (kg) (kN) fc (MPa) 

C25 - I 36 100 200 3.48 235.4 29.98 

C25 - II 36 100 200 3.44 255.1 32.48 

C25 - III 36 100 199 3.43 250.2 31.85 

    
Average 31.43 

    
Std. Deviation (σ) 1,30 

Since three cylinders were cast, the concrete compressive strength is taken as                   

(DS 411, 1973) (Appendix G):  

                       

here fcm,3 is the mean strength of three results and    is the characteristic strength. 

Figure 4-5 describes a typical strength-gain curve for concrete. 

 

Figure 4-5: Typical strength-gain curve (Camp) 

 Figure 4-4: Compression testing 

machine 
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4.3.3. Reinforcing Steel 

The reinforcement was all of quality B500 NC. Steel with four different diameters was 

used in this experiment.  

A local company “Stjörnublikk” provided the reinforcement and delivered it according to 

drawings. Stjörnublikk provided us with test results from the manufacturer which were 

used to determine the yield- and ultimate strength of the reinforcing steel. The reports and 

calculations on average strength can be seen in Appendix B. The average results are 

displayed in the following table (Table 4-4). 

Table 4-4: Strength of the reinforcing steel 

Identity Diameter fy fu 

(mm) (MPa) (MPa) 

BS-335 16 530.0 637.5 

BS-236 12 520.5 629.0 

BS-189 12 520.5 629.0 

BS-164 10 547.0 663.3 

BS-131 10 547.0 663.3 

BS-105 8 512.0 625.0 

 



 

20 

5. Shear Design Methods 

5.1.  Eurocode Shear Design Procedure 

The shear resistance of non-prestressed concrete member without shear reinforcement     

(EN 1992-1-1, 2004): 

 

                           
          

Equation 5-1: EC2:2004 shear resistance of concrete 

                

Equation 5-2: EC2:2004 minimum value of shear resistance 

where: 

  =    
   

 
           [mm] 

   = 
   

    
           [mm] 

     = is the area of the tensile reinforcement 

    = is the smallest width of the cross-section in the tensile area  

The following is recommended (ÍST EN 1992-1-1, 2010): 

     =               
   

      [N, mm] 

      =      
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According to 6.2.2(6) (EN 1992-1-1, 2004): 

For members with loads applied on the upper side within a distance 0,5d ≤ av ≤ 2d from 

the edge of a support (or centre of bearing where flexible bearings are used), the 

contribution of this load to the shear force VEk may be multiplied by β = av/2d (av can be 

seen in Figure 5-1 and is the horizontal distance between the support and the load applied). 

This reduction may be applied for checking VRk,c in Expression (6.2.a). This is only valid 

provided that the longitudinal reinforcement is fully anchored at the support. For av ≤ 0,5d 

the value av = 0,5d should be used.  

The shear force VEk, calculated without reduction by β, should however always satisfy the 

condition 

                    

where ν is a strength reduction factor for concrete cracked in shear. 

The following value ν is recommended (ÍST EN 1992-1-1, 2010) 

         
   

   
    (fck in MPa) 

The two largest beams, BS-335 and BS-236, satisfy that provision and VRk,c is therefore 

multiplied with 1/β. 

 

Figure 5-1: Beam with direct support 
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According to the predecessor of EC-2:2004 the shear resistance of non-prestressed 

concrete member without shear reinforcement (ENV 1992-1-1, 1991) is: 

                             

Equation 5-3: ENV 1992-1-1:1991 shear resistance of concrete 

where: 

     = Basic design shear strength. The value of     should be taken as 25 per cent of a 

conservatively low value for the tensile strength of the concrete, that is                 , 

fct,0.05 is the tensile strength with a 5 per cent probability of not being exceeded. This is 

given in EC2 as:                 
   

          (O'Brien & Dixon, 1999) 

k         =   Greater of (1.6-d) and 1   [mm] 

5.2. ACI Shear Design Procedure 

According to American Concrete Institution the shear resistance of non-prestressed 

concrete member without shear reinforcement (ACI 318-08, 2007) is: 

                 

Equation 5-4: Shear strength ACI (US-Units) 

The shear strength can be converted to SI-units with the following formula (McCormac & 

Brown, 2009): 

    
      

 
       

Equation 5-5: Shear strength ACI (SI-Units) 

where: 

λ = for normal weight concrete, λ = 1.0, lesser for lighter weight 
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5.3. Comparison of Shear Resistance Formulas 

Figure 5-2 illustrates what each of the three building codes expect the shear resistance of 

every beam member to be. It should be noted that calculations are based on mean concrete 

compressive strength (31,43MPa) and without partial safety factors.  

 

Figure 5-2: Comparison of shear resistance formulas 

The American building code for concrete (ACI) is noticeably the most conservative. It 

doesn’t depend on size effect nor does it take in the effect of the longitudinal 

reinforcement. Immense increase in shear resistance in deeper members (EC-2:2004 & 

ENV 1992-1-1:1991) is the consequence of size effect factors and the factor β which 

increases the shear resistance. 

To demonstrate the same three equations with a 5 per cent probability of being exceeded 

(Figure 5-3), the concrete compressive strength is lowered according to standards (DS 411, 

1973) and the tensile strength is taken as 0.7fctm. 
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Figure 5-3: Comparison of shear resistance formulas (5% fractile) 

It’s obvious the safety zone for ENV 1992-1-1:1991 is significantly greater than for the 

other two.  

0 

40 

80 

120 

160 

200 

240 

0,0 0,5 1,0 1,5 2,0 2,5 3,0 3,5 4,0 4,5 5,0 

kN 

a/d 

EC-2:2004 

ENV 1992 

ACI 2008 

EC-2:2004 (5% fractile) 

ENV 1992 (5% fractile) 

ACI 2008 (5% fractile) 



 

25 

6. Test Procedure 

The beams were all loaded in the same compressive machine in the structural laboratory at 

Reykjavik University. The hydraulic jack that 

ran the machine had a compressive strength of 

50 tons (≈500kN). The beams were all carefully 

positioned in the machine with a forklift (Figure 

6-1). The hydraulic motor was manually 

controlled and an effort was made  to maintain 

an even constant slow speed while applying the 

load. The hydraulic pressure was connected to a 

computer that recorded the data and displayed the applied force on a graph (Figure 6-2). 

Vertical deflections were monitored with a mechanism that was mounted on the jack and 

connected to the same computer. The following setup was 

used for specimens BS-105, BS-131, BS-164, BS-189 and 

BS-236 (Figure 6-3).  

 

 

 

Figure 6-3 Test setup (1) 

 

Figure 6-2: Hydraulic motor and 

computer 

Figure 6-1: Positioning the beams in the 

machine 
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The following setup was used for specimen BS-335-B (Figure 6-4). 

 

Figure 6-4: Test setup (2) 

The following setup was used for specimens BS-335-A, BS-335-B and BS-335-C     

(Figure 6-5). 

 

Figure 6-5: Test setup (3) 
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7. Experimental Results 

7.1. Failure in Specimens 

At a given load level, beams develop shear cracking. However, as described in the test 

results, such cracking in some of the specimens does not always lead to failure of the 

member. This becomes prominent in deeper members where they can resist much higher 

loads after diagonal cracking before a total failure of the specimen occurs, due to arch 

action. My interpretation of failure is when the load drops significantly after a peak and the 

deflection increases while the load doesn’t. 

7.1.1. Specimen BS-105 

It was rather surprising that no noticeable cracks appeared in member A before the beam 

failed in shear. Flexural cracks formed prior to failure in members B and C. The failure in 

all members was sudden and due to diagonal tension failure. The force causing the failure 

was very similar for all the beams.  

Table 7-1: Specimen BS-105 test results 

BS-105 A B C Average Std. Dev. 

                

First cracking noticed at (kN) NA 25.0 22.0 23.5 2.121 

First cracking moment (kNm) NA 9.8 8.6 

  First shear crack noticed at (kN) 26.5 25.8 25.0 25.8 0.750 

Shear force at failure (kN) 26.5 25.8 25.5 25.9 0.520 

Breaking time (min) NA NA NA 

  Deflection at first shear crack (mm) NA NA NA 

  Total deflection at failure (mm) NA NA NA 

   

 

Figure 7-1: Specimen BS-105-A 
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Figure 7-2: Specimen BS-105-B 

 

Figure 7-3: Specimen BS-105-C 

7.1.2. Specimen BS-131 

Flexural cracks in all the specimens begun to emerge at a similar moment. The failure was 

sudden in all the cases when shear crack occurred due to diagonal tension failure. Roughly 

at the same time member C failed in shear (Figure 7-6) it failed above the support (Figure 

7-7 & Figure 7-8). It may be argued that anchoring of the reinforcement (bent up bars) 

caused this to happen due to high tension force or it was a result of bearing failure at the 

support. At this time it wasn’t considered necessary to alter the position of the support. 

Table 7-2: Specimen BS-131 test results 

BS-131 A B C Average Std. Dev. 

                

First cracking noticed at (kN) 18.0 17.5 16.0 17.2 1.041 

First cracking moment (kNm) 7.0 6.8 6.2 

  First shear crack noticed at (kN) 33.9 34.0 37.3 35.1 1.950 

Shear force at failure (kN) 33.9 34.0 37.3 35.1 1.950 

Breaking time (min) 6.5 10.8 9.4 

  Deflection at first shear crack (mm) 9.0 7.5 9.1 

  Total deflection at failure (mm) 9.0 8.6 9.3 

   

 

Figure 7-4: Specimen BS-131-A 
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Figure 7-5: Specimen BS-131-B 

 

Figure 7-6: Specimen BS-131-C (1) 

 

Figure 7-7: Specimen BS-131-C (2) 

 

Figure 7-8: Specimen BS-131-C (3) 

7.1.3. Specimen BS-164 

With deeper members it becomes evident that the first shear crack does not lead to total 

failure of the beams. Member C acted differently in that the shear crack began to appear on 

the right side and looked likely to cause failure but ended in failing on the other side, 

resisting quite a lot of force beyond the first peak. The failure of all the members was 

sudden and brittle and caused by shear tension failure. 
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Table 7-3: Specimen BS-164 test results 

BS-164 A B C Average Std. Dev. 

                

First cracking noticed at (kN) 25.0 22.5 25.0 24.2 1.443 

First cracking moment (kNm) 9.8 8.8 9.8 

  First shear crack noticed at (kN) 39.7 37.9 40.7 39.4 1.419 

Shear force at failure (kN) 41.4 42.3 57.2 47.0 8.845 

Breaking time (min) 9.4 8.5 9.2 

  Deflection at first shear crack (mm) 5.4 5.8 5.7 

  Total deflection at failure (mm) 6.5 7.2 9.3 

   

 

Figure 7-9: Specimen BS-164-A 

 

Figure 7-10: Specimen BS-164-B 

 

Figure 7-11: Specimen BS-164-C 

7.1.4. Specimen BS-189 

First shear crack occurred at a very similar force. Member C was the only one to fail at the 

same time as the shear crack appeared. The cause of failure to members A and C was diagonal 

tension failure. Member B was considered to fail on the left side but surprisingly the failure 

was very sudden and brittle on the other side, possibly due to shear compression failure. 
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Table 7-4: Specimen BS-189 test results 

BS-189 A B C Average Std. Dev. 

                

First cracking noticed at (kN) 15.5 24.0 31.0 23.5 7.762 

First cracking moment (kNm) 6.0 9.4 12.1 

  First shear crack noticed at (kN) 46.5 45.5 44.9 45.6 0.813 

Shear force at failure (kN) 50.0 50.7 44.9 48.5 3.137 

Breaking time (min) 24.3 24.7 10.7 

  Deflection at first shear crack (mm) 6.7 5.6 5.3 

  Total deflection at failure (mm) 7.2 6.4 5.3 

   

 

Figure 7-12: Specimen BS-189-A 

 

Figure 7-13: Specimen BS-189-B 

 

Figure 7-14: Specimen BS-189-C 
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7.1.5. Specimen BS-236 

Members A and C behaved in a very similar way. Failure of both beams was sudden and 

happened momentarily after the first appearance of the diagonal crack due to diagonal 

tension failure 

However for member B, the failure was not caused by the first shear crack and it 

developed more diagonal cracks than the rest of the members. The failure in the end was 

due to a diagonal tension. 

Table 7-5: Specimen BS-236 test results 

BS-236 A B C Average Std. Dev. 

                

First cracking noticed at (kN) 32.5 25.0 22.0 26.5 5.408 

First cracking moment (kNm) 12.7 9.8 8.6 

  First shear crack noticed at (kN) 63.0 60.0 60.5 61.2 1.607 

Shear force at failure (kN) 63.2 70.1 60.5 64.6 4.923 

Breaking time (min) 28.5 32.4 20.9 

  Deflection at first shear crack (mm) 4.6 2.8 4.0 

  Total deflection at failure (mm) 4.6 3.7 4.0 

   

 

Figure 7-15: Specimen BS-236-A 

 

Figure 7-16: Specimen BS-236-B 
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Figure 7-17: Specimen BS-236-C 

7.1.6. Specimen BS-335 

Member B: The first beam of three in this series to be tested. Support rollers were placed 

60mm from the edge of the beam like in all the previous tests. When the load reached 

180kN (P=90kN) the member failed above the support (Figure 7-20). It may be argued that 

anchoring of the reinforcement (bent up bars) caused this to happen due to high tension 

force as happened to one member of specimen BS-131 or it was a result of bearing failure 

above the support (Figure 7-21). At this time it was decided to alter the position of the 

support to 100mm from the edge (a=350mm). This would also apply to the rest of the 

members in this series. After changing the test setup the load was applied again until total 

failure was achieved (Figure 7-22) due to shear compression. 

Member A: The second beam of three in this series to be tested. When the load reached 

250kN (P=125kN) the steel profile used to distribute the load started to deform. It was 

decided to persevere and overlook the deformation to reach failure of the member. The 

load ceased to increase when it reached 302kN (P=151kN) and the deformation got more 

intense. The test was stopped and the load was removed (Figure 7-18). After building 

another and stronger steel profile the test was repeated until total failure was achieved. The 

member barely achieved the same load as before (Figure 7-19) ending in shear 

compression failure.  

Member C: The last beam of three in this series to be tested. Like the two previous 

members, failure occurred above the support (Figure 7-23, Figure 7-24 & Figure 7-25). 

Due to this it was decided not to alter the position of the support again. The load at failure 

was not documented because data from the test got lost. 

Overall the first shear crack is valid for all the members but it may be argued if the results 

for total failure are valid for members A and B. 
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Table 7-6: Specimen BS-335 test results 

BS-335 A
* 

B C
* 

Average Std. Dev. 

                

First cracking noticed at (kN) 57.5 65.0
*
 NA 63.3 8.132 

First cracking moment (kNm) 20.1 25.4
*
 NA 

  First shear crack noticed at (kN) 85.0 88.0
* 

85.0 86.0 1.732 

Shear force at failure (kN) 150.0 187.3
 

NA 168.6 26.340 

Breaking time (min) 21.3 45.7 NA 

  Deflection at first shear crack (mm) 3.2 4.2 NA 

  Total deflection at failure (mm) 4.6 7.7 NA 

  *
a = 350mm 

 

Figure 7-18: Specimen BS-335-A (1) 

 

Figure 7-19: Specimen BS-335-A (2) – new steel profile 
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Figure 7-20: Specimen BS-335-B (1) 

 

Figure 7-21: Specimen BS-335-B (2) 

 

Figure 7-22: Specimen BS-335-B (3) 

 

Figure 7-23: Specimen BS-335-C 
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Figure 7-24: Specimen BS-335-C (1) 

 

Figure 7-25: Specimen BS-335-C (2) 
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7.2. Comparison of Expected and Experimental Values 

Three different shear design formulas are plotted according to beam properties. 

Experimental values at failure and at first shear crack are also displayed (Figure 7-26). 

Concrete strength is taken as an average of the cylinder compressive strength test 

(31,43MPa). No partial safety factors are used. 

 

Figure 7-26: Comparison of building codes and test results 

The ACI code has the most conservative values and the difference between these three 

codes becomes much more apparent in deeper beams. The ENV 1992-1-1:1991 code 

which is outdated now is the most unreliable and fails to predict failure of all the beams 

when not using the 5% fractile values. EC-2:2004 can safely predict failure of the beams 

but not for the first shear crack. 

Because of these results it’s interesting to take a better look at the ENV 1992-1-1:1991 

building code that was in effect prior to the EC-2:2004 to see if failures of the members are 

safely predicted with the 5% fractile calculations (Figure 7-27). 
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Figure 7-27: ENV 1992-1-1:1991 versus experimental results 

*Partial safety factor for concrete γc = 1.5 

In most cases the ENV 1992-1-1:1991 code predicts correctly when the shear resistance is 

calculated according to the 5% fractile. However, the resistance is overestimated in two 

beams  (BS-236). I say overestimated because I believe we ought to be able to acquire a 

safe prediction without the use of partial safety factors. The partial factors should only 

enhance the safety of the member. 

Just to illustrate when the partial safety factor is applied, the shear resistance estimation 

becomes safe (Figure 7-27). 
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Figure 7-28: EC-2:2004 versus failure and first shear crack 

*Factor to increase shear resistance, applied to BS-335 and BS-236 

**Partial safety factor for concrete γc = 1.5 

If we take a closer look at the EC-2:2004 line (Figure 7-28) we can see where it begins to 

rise, following the yellow failure line at a/d ≈ 2. The code therefore ceases to predict the 

appearance of the first shear crack but continues to predict the failure. 

My test results imply that we can safely predict the appearance of the first shear crack if 

the enhancing factor β is eliminated (yellow dotted line Figure 7-28).   

As was stated before, this factor is applied when the load is close to the support of the 

member. 
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7.3. Kani’s Valley 

As was mentioned before, Kani created his “valley of diagonal failure” derived from the 

Toronto test results. My intentions were to create my own valley from my test results 

(Figure 7-29). The results are an average of three beams in each series. 

 

Figure 7-29: Kani's Valley based on my experimental test results 

The critical point a/d ≈ 2 is very close to the value Kani defines in his valley.  The quality 

of the reinforcing steel used in his experiment was grade 50 (344.7MPa) which is 

considerably lower than in my test. To illustrate Kani’s test result versus mine, I have 

borrowed his results (Figure 7-30) from the Toronto test when ρ = 1.88% with three 

different concrete strengths; fc = 2500psi, 3800psi and 5000psi (19.3MPa, 26.2MPa and 

34.5MPa). Since my steel is graded 500MPa it should result in lower values. 

 

Figure 7-30: Kani's valley of diagonal failure with variable concrete strength and ρ=1.88% (Kani, 1966)
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8. Discussions 

8.1. Building codes 

The newly released EC-2:2004 can safely predict the failure of the beams but does not 

predict the appearance of the first shear crack in the deepest member unless when the 

partial safety factor (γc) for concrete is applied to the equation to lower the values. When I 

tested the beam specimens I noticed that a peak in the force would appear when a shear 

crack developed. If the beams did not collapse as a result of the shear crack, the load would 

begin to increase again until the shear resistance capacity of the beam was achieved.  

However when the shear cracks develop it can be said the beam partly fails. Arch action 

prevents the failure of the beam and enhances the shear resistance. 

Similar things can be said about the ENV 1992-1-1:1991 code except it fails to predict the 

failure of two beam specimens (BS-236), even with 5% fractile. When the partial safety 

factor is applied it can safely predict the failure. It predicts the appearance of shear cracks 

in all the members except the deepest ones. 

Correlation between the ACI code and the load at the first shear crack is very similar. 

If I interpret the correlation between the predicted values of the codes and my test results, I 

say that the EC-2:2004 and ENV 1992-1-1:1991 predict the actual collapse of the beam 

when the ACI predicts the diagonal shear crack. 

The following tables display the force at failure in every member compared to each 

building code  

(Table 8-1, Table 8-2 & Table 8-3). The predicted force is calculated without the 5% 

fractile boundaries and the concrete partial factor. 
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Table 8-1: EC-2:2004 versus experimental values 

EC-2:2004 

Identity A B C Ppred PA / Ppred PA / Ppred PA / Ppred 

  (kN) (kN) (kN)         

BS-335 150.0 187.3 

 

120.99 1.24 1.55 

 BS-236 63.2 70.1 60.5 56.06 1.13 1.25 1.08 

BS-189 50.0 50.7 44.9 41.31 1.21 1.23 1.09 

BS-164 41.4 42.3 57.2 35.44 1.17 1.19 1.61 

BS-131 33.9 34.0 37.3 27.46 1.23 1.24 1.36 

BS-105 26.5 25.8 25.5 21.31 1.24 1.21 1.20 

 

Table 8-2: ENV 1992-1-1:1991 versus experimental values 

ENV 1992-1-1:1991 

Identity A B C Ppred PA / Ppred PA / Ppred PA / Ppred 

  (kN) (kN) (kN)         

BS-335 150.0 187.3 

 

224.20 0.67 0.84 

 BS-236 63.2 70.1 60.5 102.07 0.62 0.69 0.59 

BS-189 50.0 50.7 44.9 64.17 0.78 0.79 0.70 

BS-164 41.4 42.3 57.2 53.55 0.77 0.79 1.07 

BS-131 33.9 34.0 37.3 42.42 0.80 0.80 0.88 

BS-105 26.5 25.8 25.5 33.47 0.79 0.77 0.76 

 

Table 8-3: ACI 318 versus experimental values 

ACI 318 

Identity A B C Ppred PA / Ppred PA / Ppred PA / Ppred 

  (kN) (kN) (kN)         

BS-335 150.0 187.3 

 

57.37 2.61 3.26 

 BS-236 63.2 70.1 60.5 39.25 1.61 1.78 1.54 

BS-189 50.0 50.7 44.9 30.46 1.64 1.66 1.47 

BS-164 41.4 42.3 57.2 25.98 1.59 1.63 2.20 

BS-131 33.9 34.0 37.3 19.81 1.71 1.72 1.88 

BS-105 26.5 25.8 25.5 15.14 1.75 1.70 1.68 
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8.2. Kani’s Valley 

The valley of diagonal failure is an indicator for the relative strength of the beams. It can 

be seen that series BS-105 reach beyond the 100% line (Figure 7-29). The reason for that is 

that the longitudinal reinforcement began to yield. Since the ultimate tensile strength of the 

8mm bars used in these specimens was 625MPa, the relative strength of the beams can 

exceed 100% because the flexural moment is calculated according to the yield strength 

(512MPa). 

The lowest point on the graph (Figure 7-29) is the critical beam (Mult/Mfl = 46%). That 

tells us that the bending moment at failure is the lowest proportional to the flexural 

strength. To accomplish full relative strength of the beam, stirrups would have to make up 

for the 54% that are left. 
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9. Summary and Conclusions 

Working on this experiment and thesis has been a challenging but educating work. Prior to 

my shear investigations and experiment I never stopped to think that shear could be 

anything more than an equation in building codes that needed to be fulfilled in order to 

design concrete members.  

I shared my test results with Doctor Mohamed Ziara, Professor at the Civil Engineering 

Department, Islamic University of Gaza (IUG) who has had numerous papers published on 

structural engineering and he wrote me back: 

“…you should be aware that no one yet knows how shear works… I believe you have 

chosen a difficult subject.” Ziara M. (personal communications, October 22, 2011)  

Then I realized a part of my subject was still an unanswered question. 

Conclusions that can be made from this study are: 

 The shear transfer mechanism is thought to be known and some have come to the 

conclusion that it’s possible to determine the contribution of every factor 

concerned. The contribution from each of the factors Vd, Va and Vc are said to be 

between 15-25%, 33-50% and 20-40% (Ziara, 1993) & (Kim & Park, 1996). 

Different failure modes are due to diagonal failure, flexural failure and deep beam 

failure. 

 The ACI 318 safely predicts all failures and first shear cracks. The newly released 

EC-2:2004 safely predicts failure of all the beams but does not predict the first 

shear crack in the deepest beams (BS-335). The defunct ENV 1992-1-1:1991 

apparently overestimates the shear capacity in some instances (BS-236) when using 

the 5% fractile, but safely predicts failure when partial safety factors are applied. 

 Kani’s valley of diagonal failure was successfully created with the test results and 

was not far from Kani’s test results if compared to similar steel percentage and 

concrete strength. 
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A. Concrete production report 
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Ég tek fram að magn grunnvatns á skýrslunni er ekki rétt og leiðir það af sér ranga v/s tölu. 

Ástæða þessara mistaka er tilgreind í pósti sem ég fékk frá Einari Einarssyni, 

forstöðumanni steypuframleiðslu BM Vallá, 22. sept 2011 þegar ég grennslaðist fyrir um 

steypublönduna: 

 

„Við tókum ekki sýni úr þessari steypu svo ég veit ekki fyrir víst hvernig hún 

hefur verið. Við tókum hins vegar sýni úr sömu steypugerð 33 mín síðar kl. 

14:03. Hún mældist með v/s tölu 0,55, vatnsmagn 166 l. Algengt er að það 

sveiflist frá 160 til 170 l.  

Ég á í dálitlum vandræðum með þetta fína þýska vigtarkerfi því rakamælirinn 

er að mæla heildarvatnsmagn í Björgunarsandinum líka vatnsmagnið sem er 

inni í kornunum (mettivatnið). Í Þýskalandi eru efnin yfirleitt ekki með mikið 

vatn inni í sér. Þetta þýðir að v/s talan og vatnið sem gefið er upp á 

vigtarseðlinum er oft ruglað. Það er mjög lítið grunnvatnsmagn á 

malarkornunum en meira á sandinum.  

 

Við vorum áður með íslenskt vigtarkerfi sem við hönnuðum sjálfir með góðum 

mönnnum. Þar var hægt að draga frá mettivatnið.  

Það sem ég get  sem sagt fullyrt frá þessum gögnum er að v/s tala sé frá 0,53 

til max 0,57, langlíklegast um 0,55.“ 

 

Þar sem prófanir úr sömu steypugerð nokkru seinna sýndu fram á v/s tölu 0,55 og mat 

Einars var það sama ákveð ég að sýna þau gildi í töflu. 

Á skýrslu stendur einnig að stærsta kornastærð sé 25mm en þegar steypu var hellt í mótin 

var greinilegt að nokkur kornanna voru stærri en það. Möguleg ástæða gæti annars vegar 

verið bilað sigti í stöðinni eða að tromlan á bílnum hafi ekki verið nógu vel hreinsuð ef 

önnur steypugerð var í tromlunni fyrir. Ég breyti hinsvegar ekki þessari tölu þar sem ekki 

sást mikið af þessum stóru kornum. 
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Table A-1: Concrete mix design (Icelandic) 

Efnisinnihald (kg/m
3
) C25/30 

Sement Alborg  301 

Grófur Björgunar sandur  845 

Rauðamelssandur frá IAV 190 

Sigursteinar frá Björgun 295 

Perla frá Björgun 540 

Þjálniefni kemplast 99 0,95 

Loftblendi 1,0 

Grunnraki 28,5 

Viðbótarvatn 137 

Rúmþyngd 2338 

Aðrar upplýsingar 

V/S - hlutfall 0,55 

Hámarks kornastærð (mm) 25 
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B. The reinforcing steel 
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Due to the fact that more than one tensile strength test was made for reinforcing steel      

(10, 12 and 16mm), I calculate the mean out of the results: 

 

Test results for 8mm: 

           

           

Test results for 10mm: 

   
               

 
         

   
               

 
           

 

Test results for 12mm: 

   
       

 
           

   
       

 
         

 

Test results for 16mm: 

The test results are revealed on the following page but the calculations are done below. 

Test results for the 12mm steel shown on the same page are irrelevant to my experiment.  
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C. Drawings 
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D. Graphs  

All computer data from the series BS-105 was lost due to a problem in the computer 

connected to the hydraulic jack. 

When testing the beams, we ran the motor that controlled the hydraulic jack very slowly. 

As a consequence of running a motor that is not powerful enough and  so slow, we get a 

large scatter in our results if we draw a best fit line through the graph. Since the motor is 

manually controlled, its speed had to be increased from time to time during the breaking 

period of each beam. If it hadn’t been increased then the load wouldn’t have increased and 

the failure of the beam would not have succeeded. 

When displaying the graphs from the test results the x-axis stands for deflection in the 

middle of the span and y-axis stands for the total force applied (2Pu). 
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E. Calculations 

Basic information on each beam series: 

Identity Length Breadth Height 

Concrete 

cover d a a/d Ac,1 Ac,2 ρl,1 ρl,2 

 
(mm) (mm) (mm) (mm) (mm) (mm) 

 
(mm

2
) (mm

2
) (%) (%) 

BS-335 1250 200 335 20 307 350 1.14 67000 61400 1.20% 1.31% 

BS-236 1250 200 236 20 210 390 1.86 47200 42000 1.20% 1.35% 

BS-189 1250 200 189 20 163 390 2.39 37800 32600 1.20% 1.39% 

BS-164 1250 200 164 20 139 390 2.81 32800 27800 1.20% 1.41% 

BS-131 1250 200 131 20 106 390 3.68 26200 21200 1.20% 1.48% 

BS-105 1250 200 105 20 81 390 4.81 21000 16200 1.20% 1.55% 

 

Identity Diameter No. of As fy fu Es fc fck,0.05 

 
(mm) bars (mm

2
) (MPa) (MPa) (MPa) (MPa) (MPa) 

BS-335 16 4 804.25 530.0 637.5 200000 31.43 28.18 

BS-236 12 5 565.49 520.5 629.0 200000 31.43 28.18 

BS-189 12 4 452.39 520.5 629.0 200000 31.43 28.18 

BS-164 10 5 392.70 547.0 663.3 200000 31.43 28.18 

BS-131 10 4 314.16 547.0 663.3 200000 31.43 28.18 

BS-105 8 5 251.33 512.0 625.0 200000 31.43 28.18 

 

Ac,1 = b*h Ac,2 = b*d ρl,1 = As/Ac,1 ρl,2 = As/Ac,2 
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American ACI 318-08 (2008) 

         
5% fractile 

Identity Breadth d fc fck,0.05 λ Vc Force (Pu) Jack (2Pu) Force (Pu) 

  (mm) (mm) (MPa) (MPa) 
 

(kN) (kN) (kN) (kN) 

BS-335 200 307 31.43 28.18 1.0 57.37 57.37 114.75 54.33 

BS-236 200 210 31.43 28.18 1.0 39.25 39.25 78.49 37.16 

BS-189 200 163 31.43 28.18 1.0 30.46 30.46 60.93 28.84 

BS-164 200 139 31.43 28.18 1.0 25.98 25.98 51.95 24.60 

BS-131 200 106 31.43 28.18 1.0 19.81 19.81 39.62 18.76 

BS-105 200 81 31.43 28.18 1.0 15.14 15.14 30.28 14.33 

 

Shear resistance for ENV 1992-1-1:1991 

            

5% fractile 

Identity ρt k 2,5*d > av β fct,0.05 fctm τrk,0.05 τr d Force (Pu) Jack (2Pu) Force (Pu) 

  (%) 
   

(MPa) (MPa) (MPa) (MPa) (mm) (kN) (kN) (kN) 

BS-335 1.31% 1.293 TRUE 2.193 1.9449 2.9881 1.07 1.6381 307 224.20 448.39 145.92 

BS-236 1.35% 1.390 TRUE 1.346 1.9449 2.9881 0.65 1.0056 210 102.07 204.13 66.43 

BS-189 1.39% 1.437 TRUE 1.045 1.9449 2.9881 0.51 0.7805 163 64.17 128.35 41.77 

BS-164 1.41% 1.461 FALSE 1.000 1.9449 2.9881 0.49 0.7470 139 53.55 107.10 34.86 

BS-131 1.48% 1.494 FALSE 1.000 1.9449 2.9881 0.49 0.7470 106 42.42 84.83 27.61 

BS-105 1.55% 1.519 FALSE 1.000 1.9449 2.9881 0.49 0.7470 81 33.47 66.93 21.78 
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Shear resistance for EC-2:2004 

Identity k k ≤ 2,0 k ρl 0,5*d av 2*d β CRk,c σcp k1 vmin 

    
(%) (mm) (mm) (mm) 

    
(MPa) 

BS-335 1.807 TRUE 1.807 1.31% 153.5 350.0 614.0 0.570 0.18 0 0.15 0.477 

BS-236 1.976 TRUE 1.976 1.35% 105.0 390.0 420.0 0.929 0.18 0 0.15 0.545 

BS-189 2.108 FALSE 2.000 1.39% 81.5 390.0 326.0 1.000 0.18 0 0.15 0.555 

BS-164 2.200 FALSE 2.000 1.41% 69.5 390.0 278.0 1.000 0.18 0 0.15 0.555 

BS-131 2.374 FALSE 2.000 1.48% 53.0 390.0 212.0 1.000 0.18 0 0.15 0.555 

BS-105 2.571 FALSE 2.000 1.55% 40.5 390.0 162.0 1.000 0.18 0 0.15 0.555 

 

       

5% fractile without β with γc 

Identity VRk VRk,min VRk > VRk,,min 

Force 

(Pu) 

Jack 

(2Pu) Force (Pu) Force (Pu) Force (Pu) 

  (kN) (kN) 
  

(kN) (kN) (kN) (kN) (kN) 

BS-335 120.99 29.270 TRUE 120.99 241.97 116.67 68.97 77.78 

BS-236 56.06 22.891 TRUE 56.06 112.12 54.06 52.06 36.04 

BS-189 41.31 18.094 TRUE 41.31 82.63 39.84 41.31 26.56 

BS-164 35.44 15.430 TRUE 35.44 70.88 34.17 35.44 22.78 

BS-131 27.46 11.767 TRUE 27.46 54.92 26.48 27.46 17.65 

BS-105 21.31 8.991 TRUE 21.31 42.61 20.55 21.31 13.70 
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Flexural moment 

Identity d As Breadth fy fc α fc,α ka αv ω Mflexural a Force (Pu) Jack (2Pu) 

 
(mm) (mm

2
) (mm) (MPa) (MPa) 

 
(MPa) 

   
(kNm) (mm) (kN) (kN) 

BS-335 307 804.25 200 637.5 31.4 0.85 26.72 0.416 0.81 0.313 132.14 350 377.54 755.07 

BS-236 210 565.49 200 629.0 31.4 0.85 26.72 0.416 0.81 0.317 62.54 390 160.35 320.70 

BS-189 163 452.39 200 629.0 31.4 0.85 26.72 0.416 0.81 0.327 38.60 390 98.98 197.95 

BS-164 139 392.70 200 663.3 31.4 0.85 26.72 0.416 0.81 0.351 29.69 390 76.12 152.23 

BS-131 106 314.16 200 663.3 31.4 0.85 26.72 0.416 0.81 0.368 17.92 390 45.94 91.87 

BS-105 81 251.33 200 625.0 31.4 0.85 26.72 0.416 0.81 0.363 10.35 390 26.54 53.09 

 

  
      

         
                                     

  

  
    

Ultimate design moment 

Identity Force (Pu) a MUlt 

  (kN) (mm) (kNm) 

BS-335 168.6 350 59.02 

BS-236 64.6 390 25.19 

BS-189 48.5 390 18.92 

BS-164 47.0 390 18.31 

BS-131 35.1 390 13.67 

BS-105 25.9 390 10.11 
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F. Pictures from the experiment 

 

 

 

  

 

  

 

Plywood boards sawed to correct 

dimensions 

Beginning to assemble the moulds Moulds assembly completed 

Moulds placed on wooden pallets Reinforcement bars welded 
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Moulds placed on wooden pallets Ready for concrete casting 

Done pouring the concrete into the 

moulds 

Surface of the concrete leveled and 

treated 

Specimens ready for hardening Specimens covered with plastic film 
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Specimens brought inside  Specimens covered with plastic film 

again to prevent quick drying 

Moulds taken off and specimens 

prepared for testing 

All specimens carefully placed in the 

machine with a forklift 
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G. Characteristic strength of concrete 

The following is taken from the Danish Standard (DS 411, 1973): 

 




