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Abstract: This paper presents an experimental investigation on the behavior of wide reinforced concrete
beams with different shear steel plate spacing. Four reinforced concrete wide beams with the dimensions
of 215x560x1800mm are investigated. The variables studied in this work is using the 10mm stirrups with
125mm spacing and 3mm thickness steel plate with spacing 125, 166 and 250mm instead of reinforcing
stirrups. Shear steel plates is a good alternative for stirrups and gives identical results in yield and
ultimate loads and increase the ductility by 55% and reduced the strain in exterior and interior legs by
17% and 46% respectively compared with stirrups also reduced the total weight of wide beams by 2.7%.
By increasing the spacing of shear steel plate by 33% and 100%, the results showed that the yield load
reduced to 5% and 12% respectively, but the deflection was increased with 2% and 16% respectively(at
yield). The strain in interior legs is more than the strain in exterior leg (having spacing 125, 166 and
250mm) by 31%, 70% and 1% respectively. ACI 318-14") and EC 2® codes are given a predicted
deflection less than the experimental deflection by 19% and 21% on average respectively.
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1. Introduction

The use of wide concrete beams in structural framing systems has improved in latest
years. This is alteration responds to the necessity for inexpensive keys which reduce
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structural high and building complexities. For example, engineers of new high-rise
buildings are frequently tasked with conveying column loads from the tower portion
above required column-free spaces in the pedestal or parking areas below. Wide beams
may provide suitable cross-sectional areas to do the required ability in a shallower depth
than a system of slenderer beams at a parallel spacing in the plan, as well as reinforced
concrete wide beam-column connections, it has high efficiency to resist earthquake
loads.

Adam S. Lubell, et. al (2006)", carried out an experimental study to investigate the
shear behaviour of the wide beams and thick slabs as well as the influence of member
width. In their study they tested five specimens of normal strength concrete with a
nominal thickness of 470 mm and varied in width from 250 to 3005 mm. Their study
demonstrated that the failure shear stresses of narrow beams, wide beams, and slabs are
all very similar.

Adam S. Lubell, et. al (2009)®, investigated the influence of the shear reinforcement
spacing on the one-way shear capacity of wide reinforced concrete members. A series of
13 normal strength concrete specimens were designed and tested. Shear reinforcement
spacing was a primary test variable. The specimens contained shear reinforcement ratios
close to (ACI 318-11) minimum requirements. The study concluded that the
effectiveness of the shear reinforcement decreases as the spacing of web reinforcement
legs across the width of a member increases, the use of few shear reinforcement legs,
even when widely spaced up to a distance of approximately 2d, has been shown to
decrease the brittleness of the failure mode compared with a geometrically similar
member without web reinforcement. To ensure that the shear capacity of all members
with shear reinforcement are adequate when designed according to ACI 318-11, the
study recommended that the transverse spacing of web reinforcement should be limited
to the lesser of both the effective member depth and 600 mm.

Mohamed M. Hanafy, (2012) © investigated the contribution of web shear
reinforcement to shear strength of shallow wide beams and the test results clearly
demonstrate the significance of the web reinforcement in improving the shear capacity
and the ductility of the shallow wide beams which is consistent with the recognized
international codes and standards provisions.

In this paper, an experimental and theoretical analysis to predict the deflection,
strain, cracks patterns based on the four full scales wide reinforced concrete beam
tested.

2. Research significance

The study focuses on behavior of wide reinforced concrete beams using shear steel
plate with different spacing. This new technic treats the crowded of stirrups in wide
concrete beam because the shear component provided by concrete is very small
compared with high depth concrete beams. Also this study is an attempt to study the
effect of use the steel plate with different spacing on the deflection, strain and crack
pattern of wide beams.
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3. Details of experimental test
3.1 Outline of program

The experimental program consisted of testing four beams with nominal compressive
strength of f/ =33MPa (Self Compacting Concrete SCC) in a four-point loading

arrangement. All beams were constructed in the laboratory of the Engineering College
of Diyala University. All beams were 560 mm wide, 215 mm deep, 1800mm long and
were tested at a shear span of 600 mm (the width of supports is 600mm). This gives a
shear span-depth ratio (a/d) equal to 3.56. The longitudinal steel reinforcement ratio was
p=2.1%, with 16mm diameter and using 10mm diameter in compression reinforcement
with 415MPa and 397MPa vyield strength respectively. All the specimens were
reinforced with identical longitudinal steel bars. Four wide beams are tested, one as
reference with shear steel reinforcing (stirrups) (WBS), and three with shear steel plate
have equivalent cross sectional area for stirrups at mid legs height and having 135mm
circular opening and 3mm thickness. The spacing between stirrups is 125 mm and it
was (125, 166 and 250mm) for shear steel plate (WBP3-1, WBP3-2 and WBP3-3) and
the yield strength of shear steel plate is 210MPa.

Typical concrete dimensions and reinforcement details of the tested specimens are
illustrated in Fig. 1 and cross sections in Fig 2 and 3. The placement of longitudinal
reinforcement, shear steel plate and mold specimen shown in Fig. 4.

3.2 Tested method and measurement

All beams were tested under simply supported condition over a span 1.8m with their
tension faces uppermost as shown in Fig.1. For all beams, the first crack load, deflection
under loading point, steel plate strains and yield, ultimate load were measured.

4. Test results

The strength characteristics of all specimens(f'c, yield, ultimate load and deflection at
yield and ultimate loads also the values of ductility) are tabulated in Table (1).

Accenting was taken in marking the load at which the first crack formed. The
experimental values of the cracking loads were obtained from load-deflection diagrams.
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Fig. 1 Loading details

122



Journal of Engineering and Sustainable Development Vol. 20, No. 05, September 2016 www.jeasd.org (ISSN 2520-0917)

@10mm @ 125mm

t=3mm @ 125mm
, l,’_ 2@10[‘!’"‘!’1 Il,_ QQEmm
T B ——{
10@16mm o _j 8
| e —— el o

* 051 * | * 0.51 P

* 0.56 # — 0.56 —

WBS WBP3-1

Fig. 2 Section A-A for stirrups(WBS beam) Fig. 3 Section A-A for plates(WBP3-1 beam)

Fig. 4 Peparation the mold specimen and placing the reiforcement

4. 1 Load deflection relationships

Table (1) shows the values of deflection at yield and ultimate load that were
obtained from load-deflection diagrams. It can be seen from Table (1) that the deflection
at yield was increased in specimens that used the shear steel plate with 24%, 21% and
5% for specimens WBP3-1, WBP3-2 and WBP3-3 respectively. This increasing of
deflection was clear in ultimate load for the specimens WBP3-1, WBP3-2 and WBP3-3
when it compared with the WBS specimen by 92%, 22% and 20% respectively.

Also the ductility index was increased for the specimen WBP3-1 and WBP3-3 by
55% and 15% compared with WBS.

By increasing the spacing of shears steel plate by 33% and 100%, it can be seen
from Table (1) that the deflection at yield was increased with 2.2% and 16%
respectively this is obvious, due to increasing of shear steel plates spacing. This
increasing of deflection was clear in ultimate load for the specimens WBP3-2 and
WBP3-3 when comparing with the WBP3-1 specimen by 37% as a result of increasing
of spacing of shear steel plate.
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Table (1) Comparison between the strength characteristics of specimens

Beam f ' Py P, A % diff. A % diff. Ductility % diff. of
Specimens c y u A Wei .
of A of A Sy eight Weight
(MPa) y u A , (ton)

WBS 36.6 400 440 10.83 --- 18.93 1.75 0.522
WBP3-1 335 420 431 1345 +24% 3645 +92% 271 0.510 -2.3%
WBP3-2 34.0 400 441 13.15 +21% 2310 +22% 1.76 0.508 -2.7%
WBP3-3 328 370 376 11.33 +5% 2282 +20%  2.01 0.506 -3.1%

Fig (5) shows the load- mid span deflection curves for the specimens. It can be seen
that the deflection at yield were close between all specimens, but the behaviour is
different at ultimate load corresponding to decrease of ultimate load. Also it can be seen

that the ductility of WBP3-1 is more than 55% compared with WBS specimen.
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Fig. (5) Load-mid span deflection curves of tested specimens
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4.2 Comparison the deflection predicted by ACI 318-14% and EC 2 codes

Table (2) shows the values of deflection at service load (assume 60% from the
ultimate load) obtained from load-deflection diagrams, also the analytical results of all
specimens computing by ACI 318-14®% and EC 2 codes at service load were presented
in Table (2), it can be seen that, the predicted deflection of wide beams calculated by
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ACI 318-14" and EC 2® codes were less than the experimental deflection by 19% and
21% on average respectively.

It can be explain this increasing in experimental deflection because the dial gauge
was recorded the deflection in center of wide beams in longitude and transferred
directions and not consider the deflections at edges for centre of beam.

This case attributed to Saint-Venant’s principle. Saint- Venant's states that in a
body under the action of a system of forces which are applied in a limited region of its
boundary, the stresses and strains induced by those forces in another region of the body,
located at a large distance from the region where the forces are applied, do not depend
on the particular way the forces are applied, but only on their resultant. This "large
distance” may be considered, in most cases, as the largest dimension of the region
where the forces are applied ©.

Table (2) Experimental deflection comparing with deflection computing by of ACI 318-14" and EC 2?
cods at service load

S Beam Deflection at Service Load, A, (mm)
pecimens Measured Predicted
(mm) ACI 318M-14 EC?2
%Difference %Difference
WBS 35 3.01 -13.93 3.00 -14.28
WBP3-1 3.1 2.96 -4.284 2.83 -8.71
WBP3-2 4.4 3.00 -31.70 2.92 -33.63
WBP3-3 3.6 2.61 -27.29 2.60 -27.78

4.3 Strain characteristics in longitudinal reinforcement and compression face of
concrete of specimens

Table (3) shows the values of strain in middle of longitudinal reinforcement bar and
on parallel place of concrete face (in compression) at yield and ultimate load that were
obtained from strain gauge connected to data logger.

4.3.1 Strain in longitudinal reinforcement

It can be seen from Table (3) that the strain in longitudinal reinforcement at yield
load is regular gradation increasing in specimens WBP3-1 and WBP3-2 that used the
shear steel plate with 13% and 9% respectively; this is obvious, due to the regular
gradation increasing of spacing of steel plate. At ultimate load the strain in longitudinal
reinforcement for the specimens WBP3-1, is more than that for the specimens WBS by
27%, this may be as a result of constraint by the large numbers of closed hole in shear
steel plate.

By increasing the spacing for shear steel plate by 33% and 100%, the strain in
longitudinal at yield load is regular gradation decreasing in specimens WBP3-2 and
WBP3-3 compared with WBP3-1 by 10% and 26% respectively as a result of reduction
of yield load. Also at ultimate load the strain in longitudinal reinforcing decreasing in
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specimens WBP3-2 and WBP3-3 compared with WBP3-1 by 74% and 28%
respectively. This may be as a result of reduction in ultimate load.

Indeed the experimental yield strength of longitudinal steel reinforcement was
415MPa and the modulus of elasticity of steel was 200000MPa, so the experimental
yield strain is 2.075x107and it can be seen from Table (3) that the experimental yield
strain of longitudinal reinforcement of all specimens were above the theoretical yield
strain.

Table (3) Strain characteristics in longitudinal reinforcement and concrete specimens

Beam Longitudinal Reinforcement Concrete (Compression)
Specimens e, WAt g dift. g %dift. g %ai
X107 of &, %107 of &, X107 of &, %107 of &,
WBS 2.30 2.32 -1.27 -2.30
WBP3-1 2.62 13.8 2.95 27.4 -1.74 37.27 -2.63 14.54
WBP3-2 2.50 8.70 0.778 -66.5 -1.69 33.10 -4.41 91.74
WBP3-3 2.07 -10.0 2.120 -8.62 -1.71 34.64 -1.79 -22.17

4.3.2 Strain in compression face of concrete

Based on Table (3), the strain in compression face of concrete (at middle top face of
specimens) at yield and ultimate loads is increased for the specimen WBP3-1, WBP3-2
and WBP3-3 by 37%, 33% and 35% (at yield) and 15%, 92% and 22%( at ultimate)
respectively.

By increasing the spacing for shear steel plate by 33% and 100%, the strain in
compression face of concrete was decreased for the specimen WBP3-2 and WBP3-3 by
3% and 1.7% (at yield load). For ultimate load stage, the strain in compression face of
concrete was increased for the specimen WBP3-2 compared with WBP3-1by 67%, but
it decreased for the specimen WBP3-3 by 32% as a result of reduction of ultimate load.
The strain profile of four specimens is shown in Figure 6, 7, 8 and 9.

4.4 Strain characteristics in exterior and interior legs of shear steel plate

Table (4) shows the values of strain in exterior and interior legs of shear steel plate at
yield and ultimate load that were obtained from strain gauge connected to data logger.

It can be seen from Table (4) that the strain exterior leg of shear steel plate is
increased by 55% and 49% for WBP3-2 and WBP3-3 respectively in comparison with
WBS at yield load, but it was decrease by 17% for WBP3-1. At ultimate load it is
decreased by 62%, 28% and 46% for the specimensWBP3-1, WBP3-2 and WBP3-3
respectively, compared with WBS.

By increasing the spacing for shear steel plate by 33% and 100%, it can be seen from
Table (4) that the strain in the exterior leg at yield load was increased in specimens
WBP3-2 and WBP3-3 compared with WBP3-1 by 87% and 80% respectively. And at
ultimate load the strain exterior leg was increased in specimens WBP3-2 and WBP3-3
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compared with WBP3-1 by 92% and 46% respectively. This increasing in strain at yield
and ultimate load stages may be due to the reducing action of shear strength providing
by shear steel plates as a result of increasing of distance between it.
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Strain Profile Strain Profile
Fig. (6) Mid span strain profile of WBS specimen Fig. (7) Mid span strain profile of WBP3-1 specimen
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Fig. (8) Mid span strain profile of WBP3-2 specimen  Fig. (9) Mid span strain profile of WBP3-3 specimen
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4.4.2 Strain in interior leg of shear steel plates

It can be seen from Table (4) that the strain in the interior leg of shear steel plate is
increased by 88% and 2% for WBP3-2 and WBP3-3 respectively(at yield load), but it
was decreased by 23% for WBP3-1. At ultimate load it was increased by 104% and
236% for the specimen WBP3-2 and WBP3-3 respectively but it was decreased by 46%
for WBP3-1.

By increasing the spacing for shear steel plates by 33% and 100%, it can be seen
from Table (4) that the strain in the interior leg at yield and ultimate load stages the
strain in interior leg was increased in specimens WBP3-2 compared with WBP3-1 by
60% and 280% respectively. This increasing in strain at yield and ultimate load stages
may be due to the reducing action of shear strength providing by shear steel plate as a
result of increasing of distance between it. But for WBP3-3, the strain interior leg was
decreased by 13% and 37% at yield and ultimate load stage respectively. This
decreasing in strain may be due to the earlier sudden shear failure of the specimen
WBP3-3.

There are two main issues are observed:

1. ltis clear that the strain in interior leg is more than strain in exterior leg at yield
load by 39%, 31%, 70%, for WBS, WBP3-1, WBP3-2 respectively, but it was
decreased by 4% for WBP3-3, and at ultimate load the strain in interior leg is
more than strain in exterior leg about 23%, 76%, 248%, and 663% for WBS,
WBP3-1, WBP3-2 and WBP3-3 respectively.

2. By increasing the spacing by shear steel plate the strain in exterior and interior
legs was increased except the strain in interior legs of WBP3-3 because the
specimen was fail due to reduction of shear force strength.

Table (4) Strain characteristics in shear steel plates (Exterior and Interior legs) of specimens

Beam Shear Reinforcement or Steel Shear Reinforcement or Steel
Specimens Plate(exterior leg) Plate(interior leg)
0, i 0 1 0 1 0 1
g, % diff. g, % diff. g, % diff. g, % diff.
x1073 of &, %107 of g, X107 of &, X107 of ¢,

WBS 0.614 1.59 0.855 1.96
WBP3-1 0.507 -17% 0.598 -62% 0.662 -23% 1.05 -46%
WBP3-2 0.949 55% 1.150 -28% 1.610 88% 4.001 104%
WBP3-3 0.912 49% 0.864 -46% 0.870 2% 6.591 236%

4.5 Comparison between the yield and ultimate strain (nominal and experimental) of
steel plates

Table (5) explains a comparison of the yield and ultimate nominal strain and
experimental strain in shear reinforcement (stirrups) and shear steel plate for interior
leg. It can be seen that:
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1. In all specimens the experimental strain at yield doesn't reached to the
theoretical yield strain of stirrups or plate except WBP3-2 specimen.

2. The experimental strain at yield load is less than theoretical strain by 43% for
the specimen WBS while the experimental strain at yield load is less than
theoretical strain by 37% and 17% for the specimen WBP3-1 and WBP3-3
respectively, but it was upper than the theoretical strain by 53% for WBP3-2.

Table (5) Strain characteristics in shear steel interior plate legs

Spec. f fu £ exp.
(MPa) (MPa) gy_s gy_3 » &P

x10 x10 &

EXp. y

WBS 397 685 1.985 0.855 0.43
WBP3-1 210 300 1.050 0.660 0.63
WBP3-2 210 300 1.050 1.611 1.53
WBP3-3 210 300 1.050 0.870 0.83

4.6 Crack Pattern

The tested beams at different stages of loading are shown in details in Plate (1). The
bearing numbers inside the circles represent the sequence of formation of the cracks,
while the numbers shown under the beams between those representing the sequence are
the cracks spacing. The sign (*) represents to the first crack width appeared.

From these figures the following conclusions can be drawn:

1. Due to the constant moment applied within the middle third of the beam the
sequence of formation of cracking was random, and cracks grew upward with the
increase of the applied load.

2. Cracks forming within the middle third of the beams were generally vertical due to
the pure moment applied on this part of the beam. Outside this zone the cracks
became inclined due to the presence of shearing forces in addition to the moment.
The specimen WBP3-3 was failed under high shear action. When the diagonal

crack occurs, there must be a redistribution of internal forces at the cracked section. And

when the beam has no web reinforcement, the external shear resisted by the concrete
web must be redistributed partly to the tensile reinforcement through dowel action but
mainly to the compression zone of concrete. The redistribution must take place by the
web reinforcement. For the WBP3-3 the failure was immediately happen, it is possible
interpreted that the member does not accept any redistribution when the diagonal crack
forms. In this case, the web reinforcement will yield immediately and the compression
zone will be destroyed immediately .

4.7 First crack width

It can be seen from Table (6), the crack width of the first crack at cracking and
yield load. The first crack appeared randomly within the middle third of the span (zone
of maximum moment), was not necessarily the widest one. The first crack width at
cracking load is equally in all specimens as a result of the same properties of concrete
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and longitudinal reinforcing. But at yield load the crack width of the first crack was
decreased by 50% for the specimen WBP3-1 and increased by 62.5% for the specimen
WBP3-3 compared for WBS specimen. But it can be seen that the number of shear
cracks is increased by 12.5% and 25% for the specimens WBP3-2 and WBP3-3
respectively compare with WBS, but it decrease by 25% for WBP3-1.
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Plate (1) Cracking patterns of specimens
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Continued- Plate (1)

4.8 Shear cracks spacing

It can be seen from Table (6) that with increasing the spacing of steel plates, the
minimum spacing of shear cracks was equal with WBS but it was increased by 20% for
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the specimen WBP3-2 compared with others. And no significant effect for average
crack spacing.

By increasing the spacing for shear steel plate, the maximum spacing of WBP3-2
was decreased by 15% compared with WBP3-1 as a result of increasing of shear cracks,
but for the WBP3-3 the maximum crack spacing was increased by 115% as a sudden
shear failure. The average crack spacing was decreased for WBP3-2 and WBP3-3 by
12.5% and 17% respectively compared with WBP3-1 specimen as a result of increasing
of shear cracks.

Table (6) First crack width, number and spacing of shear cracks for specimens

Beam 1% Crack at Cracking 1% Crack at Yield No. of Cracks Spacing of Shear Cracks(mm)
Specimens
Load Width Load Width Flex. Shear Min. Max. Average
(kN) (mm) (kN) (mm) Spacing Spacing Spacing
WBS 50 0.005 400 0.16 4 8 50 120 110
WBP3-1 50 0.005 420 0.24 6 6 50 150 116
WBP3-2 60 0.005 400 0.16 6 9 60 110 105
WBP3-3 40 0.005 370 0.26 5 10 50 280 100

4-9 Comparison the first crack width computing by ACI 318M-14" and EC 2® codes

It can be seen from Table (7), the experimental crack width of the first crack at
service and yield load comparing with predicted first crack width according the ACI
318M-14% and EC 2® codes. The experimental crack width of all specimens at service
and yield load was 0.13mm and 0.22mm on average. The predicted crack width at
service and yield loads of wide beams computing by ACI 318M-14" and EC 2® codes
(0.21 and 0.33) mm and (0.12 and 0.19) mm on average respectively. So it can be seen
that:

1. The experimental crack width at service and yield load was less than predicted

crack width computed by ACI 318M-14% by 38% and 33% respectively.

2. The experimental crack width at service was close to predicted crack width

computed by EC 2® but it was upper by 16% at yield load.

3. From (1) and (2) above EC 2 code was more conservative than ACI 318M-

140,
Table (7) Comparing of experimental first crack width with crack width computing by of ACI 318M-14"
and EC 2% cods at service and yield load

Beam Crack Width (mm)
Specimens Experimental According ACI 318M- According EC 2
14
At At Yield At At Yield At At Yield
Service load Service load Service load
load load load
WBS 0.14 0.16 0.217 0.327 0.126 0.190
WBP3-1 0.14 0.24 0.213 0.327 0.124 0.190
WBP3-2 0.10 0.16 0.217 0.327 0.126 0.190
WBP3-3 0.14 0.26 0.187 0.327 0.109 0.190

132



Journal of Engi ing and S inable Develop Vol. 20, No. 05, September 2016 www.jeasd.org (ISSN 2520-0917)

4-10 Comparison the crack spacing computing by ACI 318M-14" and EC 2® codes

Table (8) shows the measured and predicted values of crack spacing according to
BS8110-85® and EC 2 only because no such formulas were proposed in other codes
of design . In BS8110-85"), the average crack spacing approximately equal 1.67(h-x)
for primary cracks, in this method the height of neutral axis determines the spacing of
cracks. It can be seen from Table (8) that:

(1) The predicted mean crack spacing according to BS8110-85"") ranged between
215mm and 224mm for all four wide beams tested. And the experimental average
crack spacing ranged 91mm to 111 mm. By comparing the values obtained
experimentally and those predicted using BS8110-85" formula, it can be seen that
these values are different from those obtained experimentally by 120% on average.

(2) The predicted minimum and maximum crack spacing according to EC 2, 92mm
and 160mm respectively all four wide beams tested. From Table (8) it can be seen
that the EC 2 formula did not consider the concrete compressive strength, thus for
all the investigated specimens, the crack spacing were the same for beams with the
identical reinforcement. This was not the situation obtained experimentally; the
minimum and maximum crack spacing was bounded by (40mm to 60mm), and by
(51mm and 152 mm) respectively. By comparing the values obtained
experimentally and those predicted using EC 2 formula, it can be seen that these
values are different from those obtained experimentally by 45% and 22% on
average.

A modification in the formulas proposed by BS8110-85® and EC 2 are needed to

consider the spacing of shear reinforcement.

4. 11 Comparison between the weights of specimens

It can be seen from Table (1) that using the shear steel plates was reduced the weight
by 2.3%, 2.7% and 3.1% for specimens WBP3-1, WBP3-2 and WBP3-3. It is clear that
using shear steel plates is reduced the weight of specimens by 2.7%.

Table (8) Comparing of number of cracks and experimental crack spacing with crack spacing computing
by of BS 8110" and EC 2”) cods

Beam No. of Cracks Spacing of Cracks (mm)
Specimens Experimental According According EC 2
BS 8110
flexural Shear Min. Max. Average Mean Min. Max.
Spacing  Spacing Spacing Spacing Spacing Spacing

WBS 4 8 50 150 106 223 91.8 160
WBP3-1 6 6 50 135 100 221 91.8 160
WBP3-2 6 9 60 110 91 224 91.8 160
WBP3-3 5 10 50 280 111 216 91.8 160
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5. Conclusions and Recommendations

5.1 Shear steel plates is a good alternative for replacing stirrups (as web
reinforcement) and gives identical result in yield and ultimate load (with increasing
5% of yield load).

5.2 Although the specimen with shear steel plates gives an increase in deflection by
24% compared with that of stirrups, but it gives increasing in ductility with 55%.

5.3 Using shear steel plate, reduce the strain in exterior and interior legs by 17% and
46% compared with stirrups, although the yield strength of shear steel plates is less
than stirrups yield strength by 47%.

5.4 Using the shear steel plates instead of stirrups reduced the total weight of wide
beams by 2.7%.

5.5 By using steel shear plates with 3mm thickness, with spacing between steel plates
of 125, 166 and 250 mm (increasing the spacing by 33% and 100%), it can be
notified:

5.5.1 The deflection at yield was increased by 2% and 16% respectively.

5.5.2 The yield load reduced to 5% and 12% respectively.

5.5.3 The strain in longitudinal reinforcing was decreased by 10% and 26%
respectively at yield load.

5.5.4 The strain in exterior leg was increased by 87% and 80% respectively at yield
load and by 143% and 31% respectively for the interior legs.

5.5.5 At vyield: the strain in interior legs is more than the strain in exterior leg by
31%, 70% and 1%.

5.5.6 The number of shear cracks is increased by 50% and 67% respectively, so that
the average crack spacing was decreased by 12.5% and 17% respectively.

5.6 The predicted deflection of wide beams computing by ACI 318-14% and EC
2@ codes were less than the experimental deflection by 19% and 21% on average
respectively.

57 EC 2® code was more conservative than ACI 318M-14® to predicted the
crack width.

5.8 A modification in the formulas proposed by BS8110-85® and EC 2 are
needed to consider the spacing of shear cracks.
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