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Abstract- This paper discusses the behavior and strength of 

reinforced concrete beams with additional stirrups in the 

compression zone. Seven reinforced concrete beams, 150 mm 

(width) x 300 mm (depth) x 3400 mm (length) with tension steel 

ratio 1.5% were tested under four points static load test. The 

additional stirrups consisted of 6 mm diameter with yield stress 

of 321 N/mm2. The tested beams were identical except for 

additional stirrups spacing and shapes. Comparison with some 

building codes is presented. The ultimate load of the beam with 

only short links replacing the regular stirrups was only 11 % 

lesser than that of the reference beam. Although the additional 

links exhibit small effect to the shear strength of the beams, it did 

help with the failure ductility. The strength predicted for the 

reference beam by the Eurocode was the most conservative with 

predicted shear strength, higher by 139% than the experimental 

results followed by the ECP code by 83%. 

I. INTRODUCTION 

First studies of shear strength declared how design codes 

formula are empirical and cannot predict real life situation. 

Further researches revolve about keeping reinforced concrete 

beams away from shear failure as it is very brittle and 

catastrophic, new elements are introduced such as fiber and 

longitudinal reinforcement sharing in resisting shear stresses. 

An interesting study of every component in a reinforced 

concrete beam resisting shear stress can be found in Cavagnis 

et a1[1].  

Jeffry and Hadi [2] showed how confining the compression 

zone led to a good ductility manner. Brittle failure must be 

avoided in design and is not allowed by code provisions, as 

ductility is an important factor related to human safety. There 

are different ways for improving the ductility of concrete in 

compression such as providing longitudinal compression 

reinforcement, by using steel fibers, or by installing helical or 

tie confinement in the compression zone.  

 It is generally accepted that the use of continuous spiral 

reinforcement in reinforced concrete section can substantially 

improve the flexural strength and the ductility of the concrete. 

A review of different ways of compression zone confinement 

is presented below. 

Karayannis et al. (2005) [3] tested three beams of the same 

configuration with different transverse reinforcement: closed 

stirrups, rectangular spiral and spiral reinforced with inclined 

legs. Their results showed that the shear strength for beams 

with rectangular spiral and spiral with inclined legs was 15% 

and 17%, respectively, higher than the beam with closed 

stirrups. Also, the beam with spiral transverse reinforcement 

with inclined legs exhibited better performance and a good 

ductile response than the other beams. 

Delalibera and Giongo (2008) [4] studied the ductility of 

over reinforced concrete beams confined with square stirrups 

placed in the compression zone of the beam cross section. A 

numerical study was performed using a nonlinear finite 

element program. Also, an experimental program was 

conducted on 4 beams. The beams varied in volumetric ratio 

of transverse reinforcement. A derived expression was 

suggested to describe the post peak ductility index from the 

tested beams. They concluded that ductility is proportional to 

the increase of the volumetric ratio of transverse 

reinforcement. 

Jaafar (2010) [5] studied the contribution of spirals 

confinement to shear, especially if they can absorb the residual 

shear strength at hinges after severe cyclic bending. The 

experimental program was divided into two stages: static and 

cyclic. The beams were similar, except for the transverse 

reinforcement provided. The tests concluded that spirals are 

suggested to act both as confining enabler in earthquake and 

shear resister in static loading. 

Jaafar (2013) [6] carried out a comparison between 

experimental tests with variable transverse reinforcement 

configuration with the compression field theory using a FE 

package program (ABAQUS). The specimens were identical 

except for stirrups configuration: double spiral, normal link, 

single spiral tension zone, single spiral compression zone, 

interlocking spiral and plain beam. The comparison showed an 

agreement between experiments and predictions from 

ABAQUS in terms of the shear failure. The initial stiffness 

predicted by the FE analysis agreed well with that observed in 

the experiments, but, after diagonal cracks started to occur, the 

analyzed beams showed higher stiffness than the experimental 

values. Priastiwia et al. (2015) [7] tested three half-scale beams 

with a region simulated the simplification of plastic hinge. The 

three beams were identical except for the transverse 

reinforcement: rectangular shape or cross ties shape, as extra 

confining reinforcement in compression zone. The results 

indicated that the extra confinement in the compression zone 

increased the ductility but not the strength. Rectangular 

confinement in the compression zone was more effective than 

the extra cross-ties. 

Ali and Tarkhan (2015) [8] studied experimentally the 

effect of installing different configuration of confinement in 
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the compression zone of over reinforced concrete beams. 

Types of confinement were: square tied stirrups, circular tied 

stirrups, square spiral and circular spiral. The results indicated 

significant confinement in the flexural strength and ductility at 

failure especially when using the spiral type confinement.   

ELshikh et al. (2017) [9] investigated experimentally the 

effect of different types of confinement in the compression 

zone of over reinforcement high strength concrete beams. The 

variables were the confinement types: square ties, wrapping 

fiber reinforced epoxy sheet, and fiber reinforced concrete. The 

crack pattern and failure mode were improved from sudden 

compression-shear failure as in the control beam to diagonal 

tension cracking for confinement beams.  

Wu et al. (2017) [10] studied the shear ductility of confined 

beams by testing 5 reinforced concrete beams which were 

identical except for longitudinal reinforcement ratio and 

stirrups shape. The conclusion was that confined beams 

improved the beam brittle shear failure, the seismic 

performance and the energy dissipation capacity. 

Tee et al. (2018) [11] studied the behavior of over 

reinforced concrete beams confined in the compression zone. 

Seven beams were tested with different confinement 

configurations: double helix and double square 6 mm diameter 

steel spaced at 50 mm. The results of the confined beams 

showed that both the tensile and compressive strains had lesser 

values than normal ones. The flexural strength of all beams 

with confinement exceeded the calculated ultimate flexural 

loads. 

The review summarized above showed that little work was 

carried out on confinement of compression zone for enhancing 

shear strength of reinforced concrete beams. In this paper, an 

experimental study on the shear strength of beams with 

compression zone confinement is presented. Different 

configurations of confinement were suggested to be used in the 

shear span of the beams. 

II. EXPERIMENTAL STUDY  

A total of seven reinforced concrete beams with shear span 

/ depth ratio (a/d) equals 2.30 were tested. Each beam was 3000 

mm span with total length 3400 mm, 300 mm high and 150 

mm width. The tensile main reinforcement consists of 3 bars 

of 16 mm diameter with a ratio of 1.5%, and the compression 

reinforcement was 2 bars of 10 mm diameter. A minimum 

shear reinforcement specified by the ECP code was used: 6 mm 

diameter with spacing 200 mm. 

The beams were divided into two groups according to the 

type of the links added at the upper mid-height of the beams. 

Beam B0 was considered as a reference beam with 

conventional vertical stirrups and without any additional links.  

The additional links added in Group 1 were short (height = 

120 mm), rectangular, with 6 mm diameter and spaced at 200 

mm. Spiral stirrups were used for the beams in Group 2. All 

the additional links were added only in the shear spans of the 

beams. Details of all tested beams are given in Table 1 and 

shown in Figures 1 and 2. 

 

 
 
 

Figure 1. Details of group 1 tested beams 
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Figure 2. Details of group 2 tested beams 

 

III. LOADING AND INSTRUMENTATION 

The applied jack load was transferred to two concentrated 

loads on the top surface of the tested beams through transfer 

steel girder. Each load on the tested beams was applied through 

a steel plate 200 × 400 × 50 mm. Also, the supports of the 

tested beams were steel plates of 200 × 400 × 50 mm rested on 

two hollow square sections of 80*80*6 mm. Fig. 3 shows one 

of the beams on the test rig before testing. Load was applied in 

increments of about 10 kN. At each stage of loading, cracks 

were marked and deflection and strain readings were recorded. 

Deflections were measured at three locations: at mid-span and 

under each of the concentrated loads, as shown in Fig. 4. 

LVDTs were used for measuring deflection of beams. The steel 

strains were measured by electric strain gauges with 10 mm 

length, fixed to both the longitudinal bottom bars and also on 

the transvers steel (vertical stirrups). Figures1 and 2 shows the 

location of strain gauges for all the tested beams. 

V. TEST RESULTS AND DISCUSSIONS 

Generally, all the tested beams failed in shear after the 

formation of the diagonal cracks followed by crushing of the 

compression zone. Cracks of tested beams were marked at each 

load increment up to failure. Figure 5 shows the crack patterns, 

at failure, for all the beams. 

A. Crack patterns and failure mode 

Generally, the confinement used in the shear spans had no 

effect on the flexural cracking of beams. The load at which 

vertical cracks appeared at mid-span of beams was about 16% 

of the ultimate load. The crack development was similar for all 

tested beams up to 50% of the ultimate load.  

With load increase, inclined cracks formed in the shear 

zone at 44-60% of the ultimate load; Pu. The type of 

confinement either rectangular links or spiral ones had little 

effect on the diagonal cracking load. 

As shown in Figure 5, two diagonal cracks appeared in 

beams B2 (where the short links were added at the position of 

the vertical stirrups and also in-between the vertical stirrups) 

and B3 (where short links were used only for shear resistance). 

Failure of beam B6 with helical stirrups only was remarkable, 

failure occurred along the two diagonal cracks in the shear span 

forming a “tooth” mechanism. 

Tested beams B0, B1, B2, B3, B4 and B5 failed by crushing 

in the compression zone near one of the concentrated loads and 

the failure is defined as shear compression failure, the values 

of Pu for these beams were 103.5, 118.3, 112.2, 91.7 126.0, and 

93.6 kN, respectively. 

It was observed that at a load of 90 kN (about 76% of Pu) a 

horizontal crack occurred parallel to the tension reinforcement 

and reached the support at failure for beams B1and B3. For 

beam B6, failure occurred at a load of Pu = 120.7 kN by fracture 

of the diagonal crack with splitting along the longitudinal steel 

throughout the shear span led to steel slippage as extension of 

the diagonal tension failure. The failure is defined as shear-

tension failure. It should be noted that beam B6 had the 

maximum diagonal crack width at failure (about 21 mm) 

compared to the other tested beams. 

 

 

Figure 3. One of the tested beams under on the test rig 
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Table 1. Details of the tested beams

Group Beam 
fcu , 

N/mm2 

f`y , 

N/mm2 

fys , 

N/mm2 

Stirrups 

vertical additional 

Group 1 

B0 40.9 537 335 ϕ 6 @ 200 mm ----- 

B1 41.5 537 311 ϕ 6 @ 200 mm 
short links 

ϕ 6 @ 200 mm 

B2 44.6 547 321 ϕ 6 @ 200 mm 
short links 

ϕ 6 @ 100 mm 

B3 42.0 547 321 ----- 
short links 

ϕ 6 @ 200 mm 

B5 45.0 534 311 ϕ 6 @ 200 mm 
short links 

ϕ 6 @ 200 mm 

Group 2 

B0 40.9 537 335 ϕ 6 @ 200 mm ----- 

B4 40.6 547 321 ϕ 6 @ 200 mm 
helical 

ϕ 6 @ 100 mm 

B6 44.2 534 311 ----- 
helical 

ϕ 6 @ 100 mm 

fcu is the average value of testing three concrete cubes 150 x 150 x 150 mm. 

  

 
Figure 4. The tested beams, loading and support 

Table 2. Test Results 

Group Beam 
Py , 

kN 

Pys, 

kN 

Pu , 

kN 
Pu / Pu B0 Pu / Puflex Pu / Push Mode of failure 

Group 1 

B0 NY 67.5 103.5 1.00 0.83 1.84 Shear compression 

B1 116.3 66.4 118.3 1.14 0.95 2.11 Shear compression 

B2 110.6 64.7 112.2 1.08 0.90 2.00 Shear compression 

B3 NY 58.8 91.7 0.89 0.74 1.64 Shear compression 

B5 NY 91.6 93.6 0.90 0.75 1.67 Diagonal tension 

Group 2 

B0 NY 67.5 103.5 1.00 0.83 1.84 Shear compression 

B4 106..3 104.4 126.0 1.22 1.01 2.25 Shear compression 

B6 114.2 NR 120.7 1.17 0.97 2.16 Shear tension 

NY = not yielded                          NR = not recorded 

B. Ultimate load 

All tested beams failed in shear after the formation of 

diagonal cracks with crushing of compression zone. The values 

of ultimate load; Pu are given in Table 2. The values of the 

theoretical loads given in Table 2 (i.e. Puflex for flexural 

strength and Push for shear strength) were calculated according 

to the Egyptian code 2020[12] considering the actual material 

properties conducted from testes and taking the safety factors 

as unity. The calculated flexural ultimate load; Puflex was found 

to be 124.5 kN, and the calculated ultimate shear load; Push was 

found to be 56. 0 kN. Table 2 and Figure 6 show the 

enhancement of the shear strength for the beams with 

additional shear reinforcement compared with the reference 

beam. The results indicate that all tested beams with additional 

rectangular or helical links, except beams B3 and B5, achieved 

an ultimate load of 8% to 22% higher than that for the reference 

beam B0. The highest ratio was recorded for beam B4 

reinforced with helical links in addition to the vertical stirrups. 

Failure of beam B5 was sudden and accompanied with a large 

increase in the width of the diagonal crack. Although beam B3 

was reinforced with only short links, the beam achieved an 

ultimate load of 90% of that for the reference beam.  
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Table 2 and Figure 7 shows the ratio of the ultimate loads 

to the calculated shear strength for the beams (i.e. Push for the 

reference beam B0). The ultimate loads for all tested beams 

were higher than the calculated shear strength by 67% to 

125%. Again, the highest ratio was recorded for beam B4. 

While the lowest ratio was recorded for beam B5. It is 

interesting to note that the ultimate load for beam B3 (with 

only the short links and without the conventional stirrups) was 

higher by 64% than the calculated shear strength. None of the 

tested beams reached the calculated flexural strength except 

beam B4 with additional helical stirrups with a ratio of Pu / 

Puflex = 1.01, and beam B6 (with only helical stirrups) with Pu / 

Puflex = 0.97.  

 

Beam B0 

 

Beam B1 

 
Beam B2 

 

Beam B3 

 

Beam B4 

 

Beam B5

 
Beam B6 

Figure 5. Cracks patterns at failure 
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Figure 6. Ultimate load for tested beams compared to the reference beam B0 

 

a) Pu / Pu-flexur 

e  

shear-u/ P ub) P 

Figure 7. Comparison of the experimental ultimate load with the calculated strength 

 

C. Deflection of tested beams 

Generally, the load deflection relationship at mid-span of 

all the tested beams was approximately similar up to the 

ultimate loads. The use of additional stirrups in the shear span 

of beams did not affect the behavior of beams. At the ultimate 

loads; Pu, the recorded values of deflection at mid-span for all 

beams were very close. However, at failure of beams an 

increase in deflection occurred with the load dropping off. The 

load deflection relationship at mid-span of the beam and under 

one of the load points are plotted in Figures 8 and 9 for beams 
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in Group 1 and Group 2, respectively. The values of deflection 

at ultimate load and at the end of the test are given in Table 3. 

As shown in Figure 8, at all stages of loading the values of 

deflection at mid-span of beams were higher than those under 

the load points up to the ultimate loads, with the ratio of the 

deflection under the load to that at mid-span ranged from 0.73 

to 0.83. However, at failure of beams (i.e., at end of tests), an 

increase in the deflection was recorded under the load point 

close to the shear span at which failure occurred, especially in 

beam B6 with the helical stirrups replacing the vertical stirrups 

where the deflection under the load was about 1.54 that at mid-

span. 

Table 3 indicates that the values of deflection for beam B5 

were smaller than those for other tested beams in this group at 

all stages of loading. It should be noted that sudden diagonal 

tension failure occurred in this tested beam. However, it is 

interesting to note that the short links in beam B3 (without 

vertical stirrups) were efficient in resisting shear stresses, as 

shown in Figure 11, and the short links reached yield at about 

64% of Pu.  

D. Longitudinal tension steel strain 

Strain in the longitudinal tension steel was recorded at mid-

span for all tested beams. No yield was recorded in the 

longitudinal steel of the reference beam B0, the strain at Pu was 

close to the yield strain (about 84% of εy). However, yield of 

steel occurred in some tested beams (e.g., beams B1, B2, B4, 

and B6). Tables 2 gives the values of load at which steel 

yielded in these beams; Py. Steel yield in theses beams 

occurred at 84-99 % of Pu. Table 4 gives the values of steel 

strains for all tested beams at Pu, while Figure 10 shows the 

load - longitudinal steel strains for the two groups. 

E. Strains in stirrups 

Strains were measured, for all tested beams, at mid-depth 

of vertical stirrups located in each shear span at 225 mm (0.83 

d) and 425 mm (1.6 d) from the supports. For the tested beams 

provided with short links (beams B1, B2, B3 and B5), strains 

were measured at mid-length of the short links (i.e., at about 

90 mm from the top compression side), either for the links 

located at the positions of the vertical stirrups or for the links 

located in-between the vertical stirrups. Figure 11 shows the 

load-stirrup strain for all the beams, while Table 2 gives the 

values of load at which stirrups yielded; Pys. 

Table 3. Values of Deflection 
 

Beam 
Pu 
kN 

Deflection at Pu , mm 
Deflection at failure, 

 mm* 

Under 

load- 
Dial 3 

Mid-
span 

Dial 

2 

Under 

load- 
Dial 1 

Under 

load- 
Dial 3 

Mid-

span 
Dial 2 

Under 

load- 
Dial 1 

B0 103.5 12.3 16.3 11.4 26.3 16.4 13.0 

B1 118.3 17.4 18.9 12.1 24.9 23.9 14.4 

B2 112.2 11.6 16.0 11.2 15.5 17.7 11.5 

B3 91.7 12.2 14.9 10.7 12.2 14.9 10.7 

B4 126.0 13.7 19.8 15.6 14.0 22.3 25.8 

B5 93.6 9.5 13.3 9.7 9.7 15.3 14.6 

B6 120.7 14.6 20.9 16.3 14.6 27.0 41.7 

 

* Values of deflection at end of test with dropping off load. 

 

 

a) mid span 

 

b) under load 

Figure 8. Load deflection relationship for beam in group1 

 

a) mid span 

 

b) under load 

Figure 9. Load deflection relationship for beam in group2 
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a) group 1 

 

b) group 2 

Figure 10. Load Longitudinal steel strain relationship for tested beams 

 

Generally, yield in the vertical stirrups occurred in all 

beams before or at Pu. It should be noted that beams B3 and B6 

did not contain vertical stirrups. The first yield in vertical 

stirrups for tested beams B0, B1, B2, B4, and B5 occurred at a 

load of 65% of Pu, 56% of Pu, 58% of Pu, 83% of Pu, and 96% 

of Pu, respectively. Yield occurred in all the vertical stirrups 

located in both shear spans of beam B4, where additional 

helical stirrups were added. Yield of stirrups started at the 

beam side where failure occurred and in the stirrup located near 

the supports. As shown in Figure 11, yield in the vertical 

stirrups of beam B5 occurred at a load very close to Pu, since 

this beam failed suddenly in diagonal tension failure. Little 

strain results were recorded for the short links when used. 

 

Beam B0 

 

Beam B1 

 

Beam B2 

 

Beam B3 

 

Beam B4 
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Beam B5 

Figure 11. Load – stirrup relationship for tested beams 

 

IV. COMPARISON OF SHEAR STRENGTH OF TESTED 

BEAMS WITH STRENGTH PREDICTIONS FROM SOME 

BUILDING CODES 

The following is considered when calculating the predicted 

values: 

1. The code values were calculated using the 

experimental material properties and taking safety 

factors as unity. 

2. The contribution of the additional short links 

(positioned in between the vertical stirrups as in 

beams B2 and B5) to the shear strength of the beams 

was considered as that for the vertical stirrups. 

3. For beams in Group 2 without vertical stirrups, the 

shear carried by helical shear reinforcement was 

ignored. 

Table 5 gives the values of the experimental ultimate loads 

together with the values predicted from three codes: the 

Egyptian Code (ECP 2020) [12], ACI 318-19[13], and 

Eurocode 2004[14]. The comparison between the experimental 

results and the predicted values indicates that: 

- The code predictions for shear strength of the reference 

beam B0 are very conservative. The Eurocode predicts 

the highest conservative value. 

- The use of helical stirrups with (beam B4) or without 

(beam B6) the vertical stirrups resulted in stress values 

at failure much higher than the predicted values.  

- As discussed before, the replacement of the vertical 

stirrups with helical ones (beam B6) greatly enhanced 

the shear strength of the tested beam through its effect 

on the compression zone confinement. 

- The replacement of the vertical stirrups with short links 

(beam B3) enhanced the shear strength of the tested 

beam with the ratio qu / quth 1.64, 1.48, and 2.11 for 

ECP, ACI, and Eurocode, respectively. It can be noted 

that the previous ratios are close to those obtained for 

the reference beam B0. 

-  According to the Egyptian Code, the effect of adding 

short links at same location of the vertical stirrups 

(beam B1) resulted in a ratio of qu / quth of 2.15, which 

was close to that of the reference beam (B0) without the 

short links. However, when the short links were added 

at both locations of the vertical stirrups and in between 

the vertical stirrups (beam B2), the ratio of qu / quth was 

1.39. The addition of short links only in between the 

vertical stirrups (beam B5), resulted in a ratio qu / quth 

equal 1.17. 

VI. CONCLUSIONS 

Based on the experimental results presented in this paper, 

the following is concluded, 

1- The increase of shear strength is greatly affected by the 

type of confinement (rectangular stirrups or helical 

ones). 

2- Additional helical stirrups were the most effective type 

in enhancement the shear strength. 

3- The ultimate load of beam B3 (with only short links       

replacing the regular stirrups) was only 11 % less than 

that of the reference beams. 

4- Beam B5 recorded the least value in terms of ultimate 

load and this may be due to the sudden formation of the 

diagonal crack followed by sudden diagonal failure. 

5- Using additional helical stirrups with the vertical stirrups 

(beam B4) recorded the greater number of flexural 

cracks formed within the shear span. 

6- The higher values of deflection at failure were recorded 

for beams B4 (additional helical stirrups with the 

vertical stirrups) and B6 (only helical stirrups) 

indicating enhancement in ductility. 

7- The Eurocode predicted the most conservative values of 

shear strength compared to other codes. 

8- ACI code gave close prediction of shear strength of the 

tested beams 
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NOTATIONS 

Ast area of shear reinforcement 

b beam width 

fcu compressive strength of concrete cube 

𝑓𝑐
′ compressive strength of concrete cylinder 

Qu experimental shearing force (support reaction) 

qcu shear stress carried by concrete 

qsu shear stress carried by shear reinforcement 

qu shear stress at ultimate load 

fyst yield stress of shear reinforcement 

k factor (Eurocode [14] equation, Table 5) 

Pu experimental ultimate load  

Table 4. Values of Steel Strain 

 

Table 5. Calculated values of shear stresses according to some codes 

Group Beam 
Pu = Qu 

kN 

qu 

N/mm2 

ECP 2020 [12] 
qu / quth 

ACI 318 [13] 
qu / quth 

Eurocode [14] 
qu / quth 

quth
 quth quth 

Group 1 

B0 103.5 2.56 1.40 1.83 1.55 1.65 1.07 2.39 

B1 118.3 2.92 1.36 2.15 1.51 1.93 1.04 2.81 

B2 112.2 2.77 2.00 1.39 2.16 1.28  1.62 1.71  

B3 91.7 2.26 1.38 1.64 1.53 1.48 1.07 2.11 

B5 93.6 2.31 1.98 1.17 2.14 1.08  1.59 1.45  

Group 2 

B0 103.5 2.56 1.40 1.83 1.55 1.65 1.07 2.39 

B4 126.0 3.11 1.36 2.27 1.52  2.05  1.07  2.91  

B6 120.7 2.98 1.06 2.81 1.60 1.86 1.26  2.37 

 ECP 2020 [12] ACI 318 [13] Eurocode [14] 

Values of design shear stress 𝑞𝑐𝑢 = 0.12 √𝑓𝑐𝑢 𝑞𝑐𝑢 = [0.66𝜆𝑠  𝜌1/3 √𝑓𝑐
′] 𝑞𝑐𝑢 = 0.035 𝑘3/2 √( 𝑓𝑐

′)  

Values of design shear reinforcement 𝑞𝑠𝑢 =  
𝐴𝑠𝑡 𝑓𝑦𝑠𝑡

𝑏 𝑠
 𝑞𝑠𝑢 =  

𝐴𝑠𝑡 𝑓𝑦𝑠𝑡

𝑏 𝑠
 𝑞𝑠𝑢 =  

𝐴𝑠𝑡  𝑓𝑦𝑠𝑡

𝑏 𝑠
 

 

Beam 

 
uP 

kN 

Longitudinal 

Reinf. 

Stirrups 

1 2 3 4 5 6 7 8 9 10 

B0 103.5 
NY, 

= 0.0023 sε 

Yield at 

uP 

Yield at 

P = 
67.5 kN 

NY 

=  sε
0.0010 

Yield at 

P = 86.4 
kN 

----- ----- ----- ----- ----- ----- 

B1 118.3 

Yield at 

P = 116.3 
kN 

Yield at 

P = 85.2 
kN 

Yield at 

P = 
85.2 kN 

NY 

=  sε
0.0015 

Yield at 

P = 66.4 
kN 

---- ---- ----- ----- ----- ----- 

B2 112.2 

Yield at 

P = 110.6 
kN 

NY 

=  sε
0.00024 

Yield at 

P = 
91.5 kN 

NW 

Yield at 

P = 64.7 
kN 

NY 

= sε 
-0.0002 

------ ----- 

Yield at 

P = 88.4 
kN 

----- ----- 

B3 91.7 
NY, 

= 0.0021 sε 
----- ----- ----- ----- 

Yield 

at 

P = 
58.8 

kN 

NY 

= sε 
0.00011 

NY 

 sε
0.0005 

NW ----- ----- 

B4 126.0 
Yield at 

P = 106.3 

kN 

Yield at 
P = 

104.4 kN 

Yield at 

uP 

Yield at 
P = 119.0 

kN 

Yield at 

uP 
----- ----- ----- ------ ------ ----- 

B5 93.6 
NY 

= 0.00218 sε 

Yield at 

P = 89.5 
kN 

NY 

=  sε
0.00022 

Yield at 

P = 92.0 
kN 

NW ----- ----- ----- ---- NW 

NY 

=  sε
0.0015 

B6 120.7 

Yield at 

P = 114.2 
kN 

---- ---- ---- ---- ---- ---- ----- ----- ----- ----- 


