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Reinforced concrete walls are often introduced imtaltistory buildings to
resist lateral forces which can be exists due todwsior earthquakes. In
the present study, six models |I-section shearmwatlels were tested under
combined action of a constant axial load and reakem®rizontal increased
loading until failure. The study has investigatdtk teffects of some
parameters such as, the height — to — width rdkie,compressive strength
of concrete, and the variation of main flexurenfercement ratio on the
behavior of high - strength concrete shear wallsThe obtained results
from the tests have helped to identify the causeslh failure modes. The
test results included the determination of ultimlagsd, deflection, mode of
failure, crack pattern, ductility, stiffness, andeegy absorption.
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INTRODUCTION

In the early days of using reinforced concretejcitiral walls were mainly designed
and analyzed as wide columns. During the 195¢)®emental studies were focused
on shear behavior and axial load carrying capaxditye shear walls. All portions of a
shear wall should be designed to resist the cordkeiffects of axial load, bending, and
shear determined from a rational analysis of thecsiral system.

The present study adds more information about gf@tior of high-strength
reinforced concrete shear walls under the effeclatéral and vertical loads for
different steel ratios as well width to height oati A comparison between structural
behavior of high strength and normal strength cetlecshear walls is presented.

High - strength concrete (HSC) is considerably @& neaterial, but in recent
years it is widely used in deferent members ofcstmal buildings, such as columns,
platforms, beams, and walls, etc.

HSC may has properties deferent from the propedfesormal - strength
concrete, such as higher concrete compressivegstrand the corresponding increase
of tensile strength.

Shear failure of high strength concrete occur saljdsince it is to some
extent not ductile material, hence, the traditiomahounts of minimum shear
reinforcement presented by codes may be not sefficior high strength concrete
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walls. More studies are still needed to verify tise of structural elements constructed
with high-strength concrete type.

1. TEST PROGRAM

1.1 Description of test specimens:-

Present study included six specimens, divided to twoups, the first group of
specimens contains 3 specimens which are identifsedL—1, HL—2, and NL, and the
second group contains 3 specimens which are idkexhifs HS-1, HS-2, and NS. Each
group has a different height and the cross secfimmall specimens werkesection as
shown in Fig.( 1).

The letter (H) indicates high-strength concrete @{Snd letter (N) indicates
normal strength concrete (NSC). For the first grdatter (L) indicates to the longest
height of the two groups and is equal to 1100 mmhe second group, letter (S)
indicates short height and is equal to 740 mm.

The normal concrete specimens NL, and NS were asedference specimens
to make a comparison between (NSC) and (HSC) sinis.

Using numbers 1 and 2 in the specimen's namesaitedithe geometrical
percentage of reinforcement, which are equal t®%.2and 3.39%, respectively.
Geometrical percentage can be defined as:

pi = Astl Ac

Where:

At is the area of vertical reinforcement of specimBtange A is cross sectional
area of the wall specimen, abd@ndt are breadth and thickness of flange, they
are constant for all specimens, and are equal  rhéh and 200 mm,
respectively.

fy is the yielding stress of steel, and equal to W for high tensile steel and
240 MPa for normal mild steel.

feu is the cubic compressive strength of concretd,iis approximately equal to
73 MPa for high-strength concrete and to 26 MPa riormal-strength
concrete.

The height-to-width ratio of the specimens is idfeed as H./ L.), whereL,,
is the width of the specimen, and it is constantfbspecimens, and equal to 600 mm.
H, is the height of the specimens, and is equal @0 Xind 740 mm for the first and
second group, respectively.

1-2 Geometry of specimens:-

The dimensions of the tested long and short watleteare shown in Fig. (1) and Fig.
(2), respectively. They have I-section, consisietivo flanged walls and a web wall.
The web wall was 60 mm in thickness and 400 mmiwadtd its height was variable
as mentioned before.

Top slab and footing are made rigid enough to prelaeral distortion (lateral
rotation about vertical axis) of the cross-sectiomder lateral load effect and to
represent a building floor. The top slab dimensiavere 120 mm in thickness, 200
mm in width, and 600 mm long. The dimensions oftifapwere 500 mm width, 1600
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mm long, and 350 mm thickness. Shape of specimemecommended by previous
studies (1, 2, 3, 4).

1-3 Mixing and materials:-

Two types of concrete were used in the presentystudhe mix proportions of the
concrete used are given in Table (1). Mechanitaed concrete with replacement of
10 percent (by weight) of the cement by silica fumas used to produce high —
strength concrete (5). To produce high-strengthciegir with water-cement ratio of
about 0.30, high range water reducing admixture adied. Super plasticizer was
added as admixture to reduce water content anchpoove the workability of high-
strength concrete during casting.

The silica fume has a specific gravity of 1.34 asuiface area equal to
200,000 crfigm, which is about 50 times finer than most Padl@ement. Normal
Portland cement product was used for all specimBms.fineness of used cement was
8% which is less than 10% according to the limitEgyptian specification. The initial
setting time is 90 min. and final is 5 hours. Tharg test was made according to
ASTM C143 and ranged from 60-68 mm for normal sitlrconcrete, no segregation
was observed.

Coarse aggregate with maximum nominal size of ffdwias used in order to
ensure good compaction of concrete. It had dnsitef about 1050 kg/m3.  For
each test specimen, six 150 x 150 x 150 mm cubes easted. The cubes were used
to determine the compressive strength of concrete.

Table (2) presents the average values of expetahersults of compressive
cube strength of the used two types of concretedch specimen.

2- TEST INVESTIGATIONS AND RESULTS

The test results included the determination ofdte load, deflection, mode of failure,
crack pattern, ductility, stiffness, and absorptidrenergy. The test results are based
on that the out — of — plane displacement and #se lbotation values recorded during
testing were negligible. Also, the results arsedubon that the walls were essentially
subjected to the intended boundary conditions,l@me action at the top and nearly
fully restrained displacement at the bottom ofgpecimens.

Deflection control system was used (6) where tlagtiag four cyclic loads
were +0.6, +1.2, +2.4, and +4 mm, and the range of cycling was changed for the
following three cycles as & mm, +9 mm, and +12 mm. For the specimens which
not failed up to that step, the loading continusthg wide range cyclic with stroke of
+ 16 mm and 222 mm until failure occurred. The cyclic load bistis shown in Fig.
(3). The main observed and measured test rematgresented in the following:-

2.1 Effect of variation of main flexure reinforceme nt:-

Figures (4) through (9) present the applying cyldaxds for all specimens. Table (3)
represents the horizontal load carrying capacity, the side deflection for each wall.
Specimen walls HL-1, and HL-2 which had a diffenemaiin flexure steel ratio in the

flange, it was observed that the ultimate latesatl of wall HL — 2, increased by 5 %
of the ultimate lateral load of wall HL — 1, buetkop lateral deflection was less by 10
% than of the deflection of wall HL — 1.
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For walls HS -1, HS — 2 it was observed that tleeeiasing of main flexure
reinforcement caused the increasing in ultimaterdédtioad for HS — 2 by 8 % than that
of HS — 1. The results show that increase steel laas an effect on the walls strength
and this effect is higher in case of short walhtltizat of long wall. The ultimate lateral
top deflection decreased by 33 % than that of t#&I-1.

Ductility index pd as listed in Table (3) is defthaccording to the ACI Code
(7) as the ratio of the ultimate deflection at tiggmate load to the yield deflection at
the load of the first yield of steel bars. Thads of the first yield of specimens were
obtained from the recorded values of the steelrstraTable (3) shows that for long
wall specimens HL - 1 and HL - 2 increasing stegiorby 43% reduced the ductility
by 15% and for short wall specimens HS — 1 and-F2Sincreasing steel ratio by 43%
reduced the ductility by 40%. Thus the ductility svdecreased as the steel ratio
increased, and the effect of the steel ratio waernbvious in case of short wall than
that of long wall due to the increase of overaffrass.

Table (3) shows also that the absorption of ener@y increased by increasing
the main flexure reinforcement of wall HL-2 thaatlof wall HL— 1.

2.2 Effects of height —to- width ratio:-

The ultimate carrying lateral load was increasadsfort wall HS-1 than that of HL-1
by 7% and by 11 % for wall HS — 2 than that of wdll-2, where the lateral top
deflection decreased in case of HS — 1 by 37% thanof lateral top deflection of
HL-1, and it was decreased for wall HS-2 by 53 #@&ntthat of wall HL — 2. The
height to width ratio affects on the ductility ofills. The ductility of long specimens
HL — 1 and HL — 2 was increasing than that of sepdacimens HS — 1 and HS — 2 by
11% and 60%, respectively as shown from TableTBis result shows that the short
walls sustained more loads while exhibited lessevalf horizontal deflections and this
is clear due to the higher stiffness of short wilén long walls.

2.3 Effect of concrete compressive strength:-

For wall NL and HL — 2 which had the same height —width ratio equal to 1.83, it
was observed that the carrying lateral load forlwdl — 2, was greater by
approximately 50 % than that of wall NL The latdadd capacity of wall HS — 2 was
greater by about 29.0 % than the lateral load dgpad wall NS. These results
indicate that walls made of HSC can carry much d&idbads than those made of NSC,
which shows that HSC has great effect on the stheofgshear walls.

Comparing the ductility of wall HL — 2 and NL, itag found that the ductility
of NL was less than that of HL — 2 by about 14%ilevthe ductility of short wall NS
was grater by 30% than that of wall HS — 2. Thesyrdue to that HSC short wall is
very stiff and can not exhibit higher value of laedeformation.

Table (3) presents that the energy absorption &k ML — 2 was greater by 38
% than the energy absorption of NL wall. The lomall of (HSC) type exhibited
more deformation than that of long wall of (NSCpeywhich gives bigger area under
load — deformation curve and consequently highergynabsorption.
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3. CRACKING PROPAGATION

3.1 Cracking process of high - strength concrete sh ear walls:-

The crack pattern was approximately similar forglavall specimen HL-1 and HL — 2
and for short wall specimens HS — 1 and HS — Ae first inclined crack observed at
approximately at load 0.3 to 0.4 of ultimate fa@luoad of the walls. Shear cracks
initially appeared in the web at approximately hak height of specimens from the
base. With increasing the load, these cracks gmvpaopagate towards the base of
the wall.

After yielding, a flexural plastic hinge region foed at the lower portion of
the flange of the wall, the height of the web ptagbne was approximately at the
lower third portion of the wall height. This typé cracks near to the base of web and
propagated diagonally indicated shear failure ewfall web with some flexural failure
near to the flange. No crushing in the flange waseceved. The concrete cover at the
compression toe spelled off, while more numberiagdnal cracks developed in-word
and up-word in the plastic hinge zone. Figs. (1% &11) shows the crack patterns
after failure of specimens HL-1 and HL=2, respeadthas a sample of wall cracks.

3.2 Cracking process of normal - strength concrete shear walls:-

For specimen NL a crack process overall similartres long specimens of high -
strength concrete shear walls HL — 1 and HL —The first crack was appeared in the
cyclic load (+2.4 mm) as the load was 50 KN (0.4,P After the yielding occurred, a
vertical crack in flange was appeared and a fléxplesstic hinge was formed at 0.40 of
the height of the wall. At the beginning of cycload (+ 9 mm) the width of diagonal
cracks reached up to 4.0 mm, then shear failure ogaarred in the web at 0.5 the
height of the wall. Specimen NS the first incinerack appeared was fine when the
load reached to 70 KN (0.5,# the first crack was appeared approximately atdd.5
the height of the wall. Before yielding had ocedfra few horizontal cracks were
appeared in the flange at the 0.4 of the heighhefwall from the base. The failure
can be classified in case of normal strength caecas ductile shear failure where
shear failure was occurred in the web with somi@raiin the flange more than that in
the case of high strength concrete walls.

Table (4) presents the stiffness at pre-crackee,cascked case, and pre-
ultimate case.

Degradation which defined as the ratio of the sectiffness at the pre-
ultimate case and the secant stiffness at thenakcase [k / K], and the reduction
factor of stiffness which defined as the percertiveen the secant stiffness at pre-
crack case and the secant stiffness at initial ¢lse K¢, were calculated and
presented.

The stiffness was increased by increasing the rhexure reinforcement for
the same height to width ratio and approximately #ame cylinder compressive
strength. For wall HL — 2, it was noted that tiffisess increased by increasing of the
main steel ratio by about 30% more than that o Wal— 1. For wall HS — 2 the
stiffness was increased by 34 % than stiffness®fHwith increasing of main flexure
reinforcement by 43 %. These results were comnsotha steel ratios effect on the
inertia of structural elements.
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It was noted that the reduction factor; (KK¢) of stiffness of wall HL-2
decreased by 20 % than that of wall HL — 1. It &is® observed that for wall HS — 1,
the secant stiffness was greater by 21 % thasebant stiffness of wall HL — 1, and
the secant stiffness of wall HS — 2 was greate2%%o than the secant stiffness of wall
HL — 2. These results indicated the clear effe¢hefaspect ratio where the short walls
HS (with low height to width ratio) had an initiatiffness higher than that of long
walls HL (with big height to width ratio).

Table (1) Summaries mix proportions of concrete

Concretetype
. : High Strength Normal Strength
Material Unites Concrete Concrete
(m?) (m?)
Cement kg 550 350
Silicafume kg 55 _
Water-Cement % 0.903 0.22
ratio
Water Liter 138.7 156.7
Super plasticizer Liter 11 _
Sand kg 676 720
Coar se aggr egate kg 1050 1200
Coarsegggregate mm 5to 19 5to 20
Size

Table (2) Compressive strength of concr ete specimens

Specimen feu
No. M Pa
HL-1 76
HS-1 70.4
HL-2 76
HS-2 70.4
NL 26.3

NS 26.3
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Table (3) Summariesthe experimental results
Def. at
1% < Yield Def.at Ultimat Def.at Ductilit _
_ 1 _ ) _ Absor ptio
Specime  Crack load Yield e ultimat yindex
Crack n of
n load (KN) load load eload Ayl Ay
load Energy
No. (kN) Py (mm) (kN) (mm) ud
(mm) (kN.mm)
P, Ay Py Ay
Ao
HL-1 53.93 1.316 80 3 168.49  10.238 341 1019.29
HS-1 65 1.249  90.65 2.1 180.56 6.42 3.05 681.00
100.1
HL-2 70.03 1.227 6 176.65 9.199 3.00 999.38
HS-2 75 0.819 110 2.4 195.26  4.29 1.78 420.47
NL 49.96 1.98 9484 35 118.23 9.07 2.57 759.37
NS 69.7 2.27 98 35 139.7 8.23 2.35 733.66
Table (4) Deter mination of stiffness
. Reduction
Pre- Stiffness
. Cracked . _ Factor
Specimen cracked _ at Pre-ultimate Degradation _
. Stiffness of Stiffness at
No. Stiffness L oad Kut / Ki
Ki Pre-crack Case
Ke Kult
Ki / Ke
HL-1 31.438 26.340 6.860 0.260 0.838
HS-1 107.830 56.190 8.880 0.158 0.521
HL-2 47.990 32.540 10.960 0.337 0.678
HS-2 139.970 69.150 29.260 0.423 0.494
NL 25.613 21.470 7.330 0.341 0.838
NS 30.220 26.100 11.450 0.439 0.864
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Fig. (4) Cyclic load and displacement of specimén-HL
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Fig. (9) Cyclic load and displacement of NS

Fig. (10) Crack pattern of specimen HL-1
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Fig. (11) Crack pattern of specimen HL-2
CONCLUSION

Within the range of variables and obtained measengsn the following conclusions

are obtained:

1.

Increasing of compressive concrete strengthfC)H® long walls and in short walls
exhibited higher values of the lateral load capyaftt the section by 49 % and 40
%, respectively than that of normal strength cotec(8SC).

Increasing of compressive concrete strengtfCH® long walls and in short walls
exhibited higher values of the stiffness by 33 % 68 %, respectively than that of
normal strength concrete (NSC).

A significant increasing of the stiffness wasserved for short (HSC) wall, which
have height-to-width ratio of 1.23 by approximat@ly % more than that of the
stiffness of long (HSC) wall, which have height-taeth ratio of 1.83.

Generally, increasing the steel ratio or redgdhe height — to — width ratio of
high — strength shear walls reducing the ductitigex . The ductility of (NSC)
short wall was greater than that of (HSC) short,watile it was less in the case of
(NSC) long wall that of (HSC) long wall.

For (HSC) long walls HL-1 and HL-2, the firstack occurs at 0.3 and 0.4P
respectively, and the yielding load was at 0.5 ar@l R, respectively, and the
failure was flexural- shear failure. But for (HS€hort walls HS-1 and HS-2 the
first cracking load was at 0.4, approximately, for the two walls and yielding
loads were at 0.7and 0.§;Prespectively, and the failure was shear failure.
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