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Experimental and numerical study of the behavior of RC slabs
with openings reinforced by metal mesh under impact loading
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ABSTRACT

ARTICLE INFO

The main objective of the following work is to inspect the effect of reinforcing metal
mesh on the behavior of slabs with openings under impact loadings. Based on an ear-
lier numerical study by Shaheen et al. (2017), slabs with mid-side openings revealed
the worst behavior regarding to deflection and cracked pattern when subjected to
impact loading compared to other slabs with different locations of openings. Hence,
the present work focuses specifically on this type of slabs and the variation in their
behavior when reinforced by welded or expanded metal mesh. Seven specimens
were prepared and tested in Faculty of Engineering, Menoufia University, Egypt.
Moreover, a FE model for the slabs was built using Abaqus 6.14 and verified against
testresults. It was found that expanded metal mesh had a significant effect on reduc-
ing deflection due to impact load as well as controlling of cracks in contrast with
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1. Introduction

Structures, during their life time may be vulnerable to
different kinds of hazards. In comparison with other
threats, impact loads are distinguished by the intensity
of the localized pressures that act on different building
components making it several orders of magnitude
greater than other hazards. Recently, considerable work
has been carried out in an effort to develop impact-re-
sistant design techniques and to advance the perfor-
mance of different reinforced concrete elements sub-
jected to impact loads. For example, Attallah (2012) in-
vestigated nonlinear behavior of fixed-ended RC col-
umns subjected to impact loads using Abaqus software.
Ahmed (2014) explored the dynamic behavior of beam
under impact load using Abaqus program. The selected
beam was previously tested under subjected to free-fall-
ing steel hammer by Kishi (2004). The studied parame-
ters included damping, tension and compression stiff-
ness recovery, damage parameter-strain/displacement
relations and friction coefficient to choose the best per-
forming FE analysis model. Thilakarathna et al. (2009)
also investigated behavior of axially loaded concrete col-
umns subjected to transverse impact loads.

In contrast with other structural elements, slabs are
slender elements which are often exposed to flexural,
shear or both modes of failure if subjected to impact
loads. The effects of extreme load conditions on RC struc-
tures have been studied by many researchers to develop
safe and efficient design procedures. For example, Batar-
lar (2013) presented the findings of an experimental
program designed for investigating the behavior of RC
slabs under low-velocity impact loads. The program in-
cluded a comparison between static and dynamic behav-
ior of three pairs of simply supported slabs. The results
obtained from these tests revealed that the impact be-
havior of slabs differs significantly compared to their
static behavior. Tahmasebinia (2008) presented experi-
mental and numerical modelling of reinforced concrete
slabs subjected to impact loading using Abaqus software.
This study discussed the effect of using lacing and verti-
cal shear reinforcement in behavior of slabs. The FE
models based on simulating impact behavior of different
types of concrete models were investigated. In the study,
concrete was modelled in Abaqus using both Drucker-
Prager and Concrete Damage Plasticity models. Anders-
son (2014) investigated the static and the dynamic load
capacity of steel fiber reinforced shotcrete (SFRC) by

* Corresponding author. Tel.: +20-106-985-6009 ; E-mail address: gahda.mousa@sh-eng.menofia.edu.eg (G. M. Hekal)

ISSN: 2548-0928 / DOI: https://doi.org/10.20528/cjcrl.2018.02.001


tel:+20-106-985-6009
mailto:gahda.mousa@sh-eng.menofia.edu.eg
https://doi.org/10.20528/cjcrl.2018.02.001
http://cjcrl.challengejournal.com/

38 Shaheen et al. / Challenge Journal of Concrete Research Letters 9 (2) (2018) 37-51

experimental tests and numerical simulation in order to
predict the capacity of the inner lining system. It was
found that the simulation of impact loads on slabs
showed good agreement in both peak load and peak ver-
tical displacement, but simulations of the inner lining
system showed significantly larger load capacity than
the concrete slabs. Finally, the generated FE-model was
also able to predict the failure mode and crack widths
with a fair accuracy. Ali and Al-Khafaji (2015) presented
a theoretical study of the nonlinear behavior of rein-
forced concrete slabs subjected to impact loads using
ANSYS software. The study included the effects of rein-
forcement ratio, dimensions of slabs and support condi-
tions. It was found that the central deflections of the
slabs under impact became smaller as the tensile rein-
forcing steel ratio increases, but the rate of the decreases
in the deflection is less for high steel reinforcement ratio.
Also, those deflections were found to be oscillatory in na-
ture but not in-phase with the applied load. However,
clamping edges of the slabs resulted in larger oscillation
frequencies as compared to the case of simple supports.
Sudarsana et al. (2015) presented the results of experi-
mental program for the impact behavior of high perfor-
mance concrete slabs in comparison with reinforced ce-
ment concrete slabs as control specimens. The results
showed that the HPC slabs possess higher number of
blows for first crack and ultimate failure, higher impact
load and energy absorption. Elavenil and Knight (2012)
investigated the dynamic behavior of steel fiber rein-
forced concrete slabs under impact loading with respect
to displacement, velocity and acceleration. It was found
that when the aspect ratio of fibers is 50 and 75 there is
a marginal increase in energy absorption for change in
fiber content from 0.5 to 0.75%. There is a steep increase
in energy absorption for a steel fiber content of 1% when
the aspect ratio of fiber is 100. Tahmasebinia and
Remennikov (2008) examined several types of RC slabs
numerically and compared with experimental observa-
tions. Shear reinforcement was considered during test-
ing and analysis. Shaheen and Abusafa (2017) investi-
gated the possibility of using ferrocement concrete to re-
habilitee the damaged plates which failed under impact
load. The study presented the comparison between the
results of the first crack loads, the ultimate loads and the
deflections in the cases of repeated impact loads and
static loads. The obtained results reached emphasized
good deformation characteristics, high first crack and ul-
timate load, high ductility, energy absorption properties,
and cracking pattern without spilling of concrete cover
that is predominant.

More experimental tests and numerical investigations
either on impact effects on RC slabs or enhancing dy-
namic behavior of RC slabs under impact were published
by Saatci and Vecchio (2009), Mokhatar and Abdulla
(2012), Yoo et al. (2012) and, Antunes and Masuero
(2016).

Although slabs usually contain openings, the behavior
of that type under impact loads is not completely ad-
dressed in literature. However, slabs with openings were
studied in several research under different load condi-
tions. For example, Boon etal. (2009) conducted an exper-
imental work to determine the structural performance of

one-way reinforced concrete (RC) slabs with rectangular
opening under four points bending tests. The experi-
ments showed that the presence of openings reduced the
capacity of the slabs compared to slabs without open-
ings.

Khajehdehi and Panahshahi (2014) conducted a sen-
sitivity analysis where the effects of opening size (0,
6.25%, 14%, and 25% of the floor panel area) and out-
of-plane loading (zero and full-service load) on the in-
plane load deformation characteristic of the floor panels
were investigated. The results indicated that the drop in
ultimate in-plane load capacity of the floor diaphragm
due to presence of out-of-plane service loading became
less significant as the opening size increased (4% for
25% opening vs. 15% for the solid slab). Also, the first
significant variation from the initial linear portion of the
in-plane load-deformation curve moved up from 30% to
about 50% of the ultimate load capacity for the slab with
larger size openings.

Selime et al. (2011) reported field tests on the use of
carbon fiber-reinforced polymer (CFRP) composite
strengthening techniques to restore the flexural capacity
of RC slabs after having openings cut out in the positive
moment region. The uniqueness of that study is that the
tests were performed on an existing multistory RC build-
ing that was scheduled for demolition. Five tests on five
different slabs were conducted using three different
strengthening techniques—namely, externally bonded
(EB) CFRP plates, EB CFRP plates with CFRP anchors,
and near-surface mounted (NSM) CFRP strips—to deter-
mine the most effective system for strengthening. Test
results showed that the three strengthening techniques
increased the load-carrying capacity of the slabs with
openings, with the NSM technique being more effective
than the EB technique. However, the use of CFRP anchors
to mechanically anchor the EB plates prevented com-
plete detachment, and hence enabled the restoration of
the slab to its full flexural capacity.

Shaheen et al. (2017) investigated the dynamic be-
havior of slabs with openings under impact; a series of
finite element models with different positions, numbers
and shapes of openings were built and analyzed using
Abaqus software. The studied parameters included mid-
point deflection, maximum deflection along opening pe-
rimeter, tension damage and cracked zones. It was con-
cluded that the worst behavior regarding to deflections
and damaged area appeared when the openings were in
mid-side of slabs.

The current research presents an experimental and
numerical investigation of RC slabs with circular and
square openings in their mid-side. Welded and expanded
metal meshes were added to some specimens to inspect
their influence in improving impact load resistance of
the tested slabs.

2. Specifications of the Tested Specimens

Seven specimens, one control and six with openings
were prepared and cast in the Laboratory of Resistance
and Testing of Materials at the Faculty of Engineering,
Menoufia University. All test specimens have the same
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dimensions of 1100x1100x30 mm. 10 mm clear cover
was provided for the reinforcement from all sides and 6
mm clear cover was provided from the bottom face of the
specimens (see Fig. 1). Specimens were reinforced by
196 mm steel bars @ 150 mm arranged in mesh form.
Two additional perpendicular bars were added under

impact point on all samples to prevent penetration of
projectile during test. Tested specimens labels, opening
shape, opening dimensions, and reinforcement used are
given in Table 1. To enhance the behavior of slabs, ex-
panded and welded metal mesh were added to four spec-
imens (see Fig. 2).
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Fig. 1. Dimensions of tested specimens.
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Fig. 2. Reinforcement of tested specimens.
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Table 1. Specimen properties.

Opening
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Shape Dimensions
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7 7 ° Welded

3. Material Specifications
3.1. Concrete

The concrete mix used for manufacturing speci-
mens was designed to be easy to operate and to have
the ability to fill the small thickness of specimens
without nesting. To control the width of cracks re-
sulting from impact, polypropylene fiber was added
to concrete mix. Table 2 shows the constituents of
one-meter cube used in making the concrete mix.

Both compression and tensile strengths of the
concrete mix were determined experimentally fol-
lowing Egyptian Standard Specifications, ES1658-

4/2008, and 1SO01920-3/2004. To determine com-
pressive strength of concrete mix, cubic specimens
with dimensions (150 x 150 x 150 mm) were cast
and tested under compression at the ages of 7 days
and 28 days after the day of casting as shown in Table
3. Three specimens were tested at each date. The ten-
sile strength of the used concrete was determined by
conducting Brazilian tensile test or indirect tensile
test (see Fig. 3) on a cylindrical sample of diameter
150 mm and height 300 mm to be the standard tensile
strength value equal to 85% of the tensile strength
value of the Brazilian tensile test (according to Egyp-
tian code of practice - Appendix 3 - Manual of labora-
tory tests of concrete materials) (Fi=2.45 MPa).

Table 2. Concrete mix quantities.

Constituent Basalt Sand Cement Meta Kaolin Water Su].)e.r Polypropylene
Plasticizer fibers
Quantity (kg/m3) 1200 600 425 75 175 10 1.5
Table 3. Compression test results.
Period (days) 7days 28 days

Peak compressive strength (MPa)

Peak compressive strength (MPa)

Cubic specimen no. 2

27.3 28.9
'24.9 31.1
25.6 33.2

3.2. Steel bars

Steel bars used for reinforcing were made of mild
steel of cross sectional area 28.27 mm?2. The yield stress
and ultimate stress of steel used were 280 and 380 MPa
respectively.

3.3. Reinforcing steel mesh

Two types of reinforcing steel meshes were used in
the test; welded and expanded as shown in Fig. 4. The
technical specifications and mechanical properties of
both types as provided by producing companies are
given in Tables 4 and 5.
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Fig. 3. Sample of Brazilian tensile test.

(b) Expanded metal mesh

Fig. 4. Reinforcing metal mesh.

Table 4. Technical specifications and
mechanical properties of Welded Metal mesh.

Dimensions 15 mm x 15 mm
Cross Section Dimension Diameter = 0.8 mm
Weight 440 gm/m?
Modulus of Elasticity 170 GPa
Proof Stress 400 MPa
Ultimate Strength 600 MPa
Ultimate Strain x 10-3 58.8
Proof Strain x 10-3 1.17

Table 5. Technical specifications and
mechanical properties of Expanded Metal mesh.

Diamond Size 20 mm x 45 mm
Cross Section Dimension (strand) 1.25 x 1.7 mm
Weight 1.35 kg/m?
Sheet Size 1mx10m
Modulus of Elasticity 125 GPa
Proof Stress 250 MPa
Ultimate Strength 350 MPa
Ultimate Strain x 10-3 59.2
Proof Strain x 10-3 9.7

4. Test Setup and Equipment

A steel frame was specifically designed and manufac-
tured to support the tested specimens and to provide the
simply supported end conditions. Frame was fabricated
from steel channels (U.P.N) sections No 80, 100. Chan-
nels were arranged horizontally and vertically to pro-
vide frame with an adequate stiffness in all directions
and to support impact load without significant defor-
mations. To give simply supported end condition, steel
bars of diameter 22 mm were welded along the perime-
ter of frame edges. Supported span of tested slabs in both
directions was 950 mm which expresses the distance be-
tween every two opposite bars (see Fig. 5).

Seven impact tests were conducted with special atten-
tion being paid to maximum mid-point deflection and fail-
ure pattern of tension surface as two of the most im-
portant impact parameters. The steel frame was placed in
an appropriate position that features with leveling of its
surface. To ensure that, a babble level balance was used to
adjust if the four sides were horizontal. A PVC pipe, with
160 mm diameter and 4.97 m, was installed vertically by
connecting it from its mid-height to the steel frame using
four steel angles. Besides, it was connected from upper
lens to a ladder. Finally, its verticality was adjusted using
the water balance (see Fig. 6). The next step was placing
the specimen on the steel frame. At that time, the gradu-
ated ruler was placed below the specimen in a well seen
position and near a steel indicator that was previously at-
tached to the specimen during casting process to allow re-
cording of displacement readings as shown in Fig. 7. Af-
terwards, a high frame rate camera was prepared to start
recording by placing it in a suitable position near system
and shedding it towards a graduated ruler.
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(a) Before painting with anti-rust (b) After painting with anti-rust

Fig. 5. Supporting frame.
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Fig. 6. Installing PVC pipe.

A steel ball, with a weight of 13.7 Kg and 150 mm di- PVC pipe to fall directly on the test specimen. Fig. 8 dis-
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Fig. 7. Placing graduated ruler near steel indicator.
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Fig. 8. Complete test setup.

5. Finite Element Model

The slabs of study were modelled as 3D structures in
Abaqus. Concrete parts were modelled using C3D8R. The
models were divided into fine elements with different
sizes to allow quick analysis with sufficient accuracy. To-
tal number of elements reached 32272 with sides varied
from (25 x 10 x 5) mm to (10 x 10 x 5) mm. The fine
element size was concentrated under impact region in
the middle of slab as shown in Fig. 9 while the coarse size
was provided near slab edges.

Steel bars and metal mesh were modelled using
T3D2 elements that were embedded in the surrounding
solid elements. Fig. 10 shows the modeling of welded
and expanded metal mesh in Abaqus. Concrete material
was modelled using Abaqus concrete damage plasticity
model. This model uses the concept of isotropic damage
elasticity in combination with isotropic compression and
tensile plasticity to model the inelastic behavior of con-
crete. Tables 6 and 7 present concrete elastic properties

and concrete damaged plasticity model parameter used
in analysis. Steel reinforcement has approximately linear
elastic behavior when the steel stiffness introduced by
the Young’s or elastic modulus keeps constant at low
strain magnitudes. At higher strain magnitudes, it begins
to have nonlinear, inelastic behavior, which is referred
to as plasticity. The plastic behavior of steel is described
by its yield point and its post-yield hardening. The shift
from elastic to plastic behavior occurs at a yield point on
a material stress-strain curve. The deformation of the
steel prior to reaching the yield point creates only elastic
strains, which is fully recovered if the applied load is re-
moved. However, once the stress in the steel exceeds the
yield stress, permanent (plastic) deformation begins to
occur. Both elastic and plastic strains accumulate as the
metal deforms in the post-yielding region. The stiffness
of the steel decreases once the material yields. The plas-
tic deformation of the steel material increases its yield
stress for subsequent loadings. Table 8 shows the elastic
properties of steel bars.

Fig. 9. Mesh description of concrete slabs models.
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(a) Welded mesh (b) Expanded mesh

Fig. 10. Modeling of reinforcing metal mesh.

Table 6. Elastic properties of concrete. The geometry of the steel ball was defined in all mod-
els using rigid element as RIGID BODY that was divided
Parameter Value into 396 fine elements of approximate size (20 x 20 x 20)

mm as shown in Fig. 11. In analysis, the steel ball was
given an initial velocity of 9.87 m/sec.

The four edges of FE models were prevented from
translation in both XZ plane and YZ plane (see Fig. 12)
Poisson’s ratio (v) 0.168 while all rotations could simulate the experimental

Density 2.4x109 N/mm3

Modulus of elasticity (Es) 21900 MPa

model which was simply supported from all edges. To
simulate the motion of the impactor (steel ball), refer-

Table 7. Concrete damaged plasticity parameters. ence point which represent all nodes of impactor are
given an initial velocity (9870 mm/s = 9.87 m/s) in a di-
Parameter Value rection perpendicular to slab plane as shown in Fig. 13.
Therefore, the impactor struck the slab at a constant ve-
Dzisien sugle Lz locity mentioned before by falling from constant height
Eccentricity 011 which was 4.97m.
fb0/fcO 135 &
= = ’é\ﬁ
K 0.68
Viscosity parameter 0.0001
Yield stress in compression 17 MPa
Cross bonding inelastic strain 0.0
Compressive ultimate stress 33MPa ,)\x
Cross bonding inelastic strain 0.00158 Fig. 11. Modeling of steel ball.
Tensile failure stress 3.45 MPa

Table 8. Material properties of steel reinforcement.

Parameter Value
Density 7.859x10° N/mm3
Modulus of elasticity (Es) 199980 MPa
Poisson’s ratio (v) 0.3
A
Yield strength 250 MPa

Ultimate strength 360 MPa Fig. 12. Boundary condition of FE models.
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Fig. 13. Initial condition of steel ball.

6. Results Comparison and Discussion
6.1. Mid-point displacement

Displacement of the mid-point of specimen was one of
the most important outcomes that has been relied upon
in predicting specimen rigidity and strength. Mid-point
of specimen was specifically selected as it is the location
where the maximum deflection occurred. Fig. 14 illus-
trates the relationship between time, in milliseconds,
and corresponding downward displacement, in millime-
ters, of the control specimen. The Fig. shows that maxi-
mum deflection was 29 mm and occurred after 5.4 milli-

seconds from impact time. This relationship obtained by
converting the video recorded to successive images. Each
image had a reading of displacement and was captured at
a calculated and specified time from the beginning of the
recording. Figs 15 and 16 show initial and maximum dis-
placement as recorded by high frame rate camera during
conducting impact test. Actual displacement was calcu-
lated by subtracting the initial reading from the maxi-
mum reading. Displacement-time relationship obtained
by Abaqus for the same slab is shown in Fig. 17. Compar-
ison of maximum values of mid-point displacements for
the seven tested specimens obtained experimentally and
analytically are presented in Table 9 and Fig. 18.

0 S E E E E E !

S e A s S
ST S— iR AR NP SRR S SN S
g 0 : . : : : : : :
ol S U I A
R R R S A S
= : : | ' : : : :

& 25 T A HaRa i Y A Pt .
a : : : : ' . : :

-30 f------ T A EhRh thlh TR pooooes oo AR

35 : ' : : : : : :

0 1 2 3 4 5 6 7 8 9
Time (ms)

Fig. 14. Displacement versus time in control specimen (S1).
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Fig. 15.

Initial displacement of S1.

Fig. 16. Maximum displacement of S1.
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Fig. 17. Deflection- time relationship at mid-point of S1.
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Fig. 18. Max displacements comparison.

Generally, there is a good agreement between experi-
mental and numerical maximum displacement with a
mean value of 7% difference. It can be observed that
specimens with a square opening (S2, S3, S4) in all cases
give closer max displacements to their counterparts with
acircular opening (S5, S6, S7) with a difference that didn’t
exceed 4%, which reducing the effect of the opening
shape. The presence of an opening increased the mid-
point deflection for S2 and S5, compared to the control

specimen, by a mean value of 24%. However, adding ex-
panded metal mesh in (S3 and S6) decreased that ratio to
-3.4% and 6.9% respectively. This means that expanded
mesh almost eliminated the effect of openings in the
tested specimens. In contrast, the effect of adding welded
metal mesh in (S4 and S7) did not show a significant ef-
fect on reducing the max deflection values. The difference
between those specimens and their corresponding spec-
imens without mesh (S2 and S5) did not exceed 5.4%.
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Table 9. Comparison between Max displacement results.

Maximum Displacement.

No. Name Difference (%)
Exp. Num.

1 S1 29 mm 28.2 mm 2.84 %

2 S2 35 mm 37.1 mm 5.66 %

3 S3 26 mm 28.2 mm 7.80 %

4 S4 37 mm 35.1 mm 5.41 %

5 S5 31 mm 36.0 mm 13.88 %

6 S6 29 mm 31.0 mm 6.45 %

7 S7 33 mm 35.5 mm 7.04 %

Mean Difference % 7 %

6.2. Cracked pattern

Impact test, as expected, caused crushing in the lower
surface of specimens (tension zone) as shown in Fig. 19.
Failure zone or crushing zone localized under impact
point where concrete has been completely collapsed and
then cracks spread gradually by moving away from that
zone. Cracks appeared with remarkable width near fail-
ure zone and turned into very fine cracks until reaching
supports. Failure pattern gives an indication of how the
specimen was affected by the impact load, in addition to

Failure

Fine cracks

(a) Experimental

predict the ability of specimen to absorb impact energy,
which contributes in finding some methods thatincrease
the strength of slab and reduce the size of failure zone.
Fig. 20 shows the cracked patterns of specimens S2 to S7.
Obviously, specimens with added metal mesh, in general,
had smaller cracked zones compared to (S2 and S5).
Though, specimens with expanded metal mesh (S3, S6)
showed the least spread of cracks, which indicates the
effectiveness of that type of mesh in controlling crack
spread as well as crack width compared to control spec-
imen (S1).
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Fig. 19. Cracked pattern of S1.

7. Conclusions

The effect of welded and expanding reinforcing
metal mesh on the behavior of slabs with openings under
impactloading has been experimentally and numerically
investigated in the present study. Seven test specimens;
one control, three with circular openings and three with
square openings were prepared and tested in Faculty of

Engineering, Menoufia University, Egypt. Based on the
test results, the following conclusions can be drawn as
follows:

e Shape of opening has no significant effect on the be-
havior of test specimens. The difference in deflection
values in specimens with a square opening and their
counterparts with a circular opening didn’t exceed
4%.



Shaheen et al. / Challenge Journal of Concrete Research Letters 9 (2) (2018) 37-51 49

e The presence of opening in the tested specimens .
without reinforcing mesh resulted in an average ratio
of 24% increase in mid-point deflection compared to
that of control test specimen. On the other hand, add- .
ing metal mesh significantly decreased the above dif-
ference to (3.4 to 6.9) %.

Adding expanded mesh resulted in less displacement
values than employing welded mesh. The difference,
in some cases, reached 24.3 %.

Specimens reinforced with metal mesh had smaller
cracked zones compared to their counterparts with-
out metal mesh.

Cracking spread decreased significantly in specimens
reinforced by expanded metal.
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(c) s4

ODB: TrialCR1.0db Abaqus/Explicit 6.13-1 Wed Jun 28 15:31:16 Egypt Standard Time 2017

0DB: CRExpanded.odb Abaqus/Explicit 6.13-1 Thu Aug 03 01:03:52 Egypt Standard Time 2017

0DB:Job-2.0db  Abaqus/Explicit 6.13-1 Mon Jul 24 02:00:36 Egypt Standard Time 2017
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DAMAGET

{Avg: 75%)
+9.216e-01
+8.448e-01
+7.680e-01
+6.912e-01
+6.144e-01
+3.376e-01
+4.608e-01
+3.840e-01
+3.072e-01
+2.304e-01
+1.536e-01
+7.680e-02
+0.000e+00

ODB: TrialMSr1l.odb Abaqus/Explicit 6.13-1 Thu Jun 29 01:37:45 Egypt Standard Time 2017

(d) S5

DAMAGET

(Avg: 75%)
+9.216e-01
+8.448e-01
+7.680e-01
+6.912e-01
+6.144e-01
+5.376e-01
+4.608e-01
+3.840e-01
+3.072e-01
+2.304e-01
+1.536e-01
+7.680e-02
+0.000e+00

(e) S6

DAMAGET

(Avg: 75%)
+9.216e-01
+8.448e-01
+7.680e-01
+6.912e-01
+6.144e-01
+5.376e-01
+4.608e-01
+3.840e-01
+3.072e-01
+2.304e-01
+1.536e-01
+7.680e-02
+0.000e+00

h

xod

ODB: TrialSRW2.0db  Abaqus/Explicit 6.13-1 Sun Jul 02 01:34:40 Egypt Standard Time 2017

H s7
Fig. 20. Cracked patterns of different slabs.
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