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Abstract

CompressiveStrength of RC Columns Strengthened with L ongitudinal CFRP
Composites

Davood Mostofinejad
Professor, Department of Civil Engineering, Isfahan University of Technology
Niloufar Moshiri *
M.Sc. in Structural Engineering, Department of Civil Engineering, Isfahan Universiy of Technology

(Received: 204/2/23- Accepted: 204/7/14)

Abstract

Confining RC columns by FRP composites with fibers oriented in the hoop direction is the most
common method of strengthening columns. In the present study, however, the application of
CFRP composites with fibers al ioppressive sirength g t h
of RC columns has been investigated. Global buckling of composite with longitudinal fibers
may result in debonding of FRP from column surface, and thus, the compressive load carrying
capacity of the strengthened column would not becesd considerably.

To limit the global buckling of composite under compression, a newly introduced strengthening
method, named as Grooving Method (GM), was utilized in the present study and its effect on
postponing the buckling of CFRP fibers when aligned along the colummas investigated.

For this purpose, 12 circular RC columns with diameter of 150 mm and height of 500 mm were
tested under axial compression. Experimental results showed that while the effect of installing
CFRP with conventional EBR method was negligiblen t he col umnsé | oad
grooving method considerably enhanced the col

Keywords: RC column, CFRPBuckling, GroovingMethod,CompressiveStrengthening.
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Abstract

Bending Strengtheningof Light Concrete T-ShapeBeams Using=RP Sheets

M.K. Sharbatdar
Associate ProfessqrDepartment of Civil Engineering, Semnan University
A. Qods
PhD. Student, Department of Civil Engineering, Semnan University

( Received: 204/2/9- Accepted: 204/5/6)

Abstract

In order to investigate the effect of Compogtiber Reinforced Polymers (GFRP) on bending
strengthening of light weight -$haped concrete beams in this paper, nine specimens were
designed, built and tested. These specimens were divided into A, B & C Groups, according to
their conditions and bars argement and composite layers. In Group A, beams were designed
to have a medium bending defects, while Groups B and C designed for maximum and minimum
bending defects.In each group one beam was as reference and the others were strengthened with
different nuniers of FRP layers.

According to observations and results, flexural strength increase of in Group A was from 81% to
116% while that was from 33% to 208% in Group B and 67% to 100% in Group C. And also the
effect of using stronger epoxy and asiipt materal to change shear failure (debonding) to
flexural debonding and increasing strength was investigated in this paper.

Keywords: T-form beam,Flexural strengthening,light structural concrete
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I moment resisting reinforced concrete concentric
braced frames (RGVMRCBFs)
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Abstract

Behavior of Reinforced Concrete Frames Braced with a Combination of X
and kneeBracing

F. Rezae

Assistantprofessor, Bu-Ali Sina University
Sh.Jafari Rad
MSc. ,Bu-Ali Sina University

( Received: 204/1/27- Accepted: 204/6/1)

Abstract

In this study, 4 and 8 story reinforced concrete frames retrofitted with X and Knee bracing
systems usingAP2000 V14 software and nonlinear static analysis. Then the behavior of these
two systems are compared with each other and according to standard 2800 requirements, X
bracing system are located on the lower stories. Static analysis is performed usfogna amd
triangular load patterns. Nonlinear plastic hinges have been assigned to the each seismic
elements (beams and columns of moment resisting frame, steel bracing and knee elements).
Models are chosen such that the participation of moment frame c®lanthsteel bracing in
different models have variedrhe results indicate that in the-bfacedreinforced concrete
frames large tensile forces are appliedthe adjacent columns of steel braciegpeciallyin the

lower stories This problemcauseforming plastic hinges in the columnélso, reinforced
concrete frames with knee bracing have the low strength and stiffness, while it is not always
more ductile than X bracing. In this research combination of two systems, X and knee bracing,
at the heipt indicate a bracing system that has desirable features of two bracing systems
simultaneously and disadvantages of each system can be modified by the other

Keywords: RC Frame, Xbracing, Knee bracing, Bracing Participation, Pushover Analysis
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Segregation Ratio (%)
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Slump flow (mm)

Slump flow (mm)
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Abstract

Combined Effect of Silica Fume and Zeolite on The Freshand Hardened
Properties of SelfCompacted Concrete
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Abstract

The usages of different additions as a cemneplacement in the production of seimpacted
concrete (SSC) can lead to a lower material cost, lower environmental pollution, energy
consumption and recycling fyroduct materials. Although, the inclusion of additions may
enhance certain properties dS, the others may be worsening. To overcome this problem, the
combined use of the additions has been recently recommended by researchers. In this respect,
the main objective of the present study is to investigate the fresh and hardened properties of
SCC nade with binary and ternary cementitious blends of silica fume and zeolite. Fresh
properties of SCC will be examined by slump flow, visual stability indey, M-funnel, L-box

and sieve segregation resistance tests. The hardened properties were testecpfessive
strength (at different ages), splitting tensile strength, initial and final absorption. To simulate the
realworld applications, slump flobmnd compressive strength changes with hauling time were
also considered.

The fresh concrete test resulievealed that by substituting optimum levels of silica fume and
zeolite in SCC, satisfactory workability and rheological properties can be achieved. Silica fume
inclusion enhanced both early ages and {tamgn strength of SCC with zeolite. Moreover,
reduwction in the slump flow retention of the SCC mixtures containing zeolitecarapensated

by using silica fume.

Keywords: Seltfcompacted concrete, Workability, Strength, Hauling time.
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Abstract

The use of concrete in tlwnstruction industry is growing day by day. Due toliméted life

span of concrete structures and also the destruction of concrete structures by natural factors such
as earthquakes, floods, hurricanes and ... we will always faced with massive amouasseof
concrete that will cause environmental damages. On the other hand natural resources are also
limited for generating aggregates that in near future we should use waste concretes as recycled
concrete aggregates for an alternative of natural aggregasase the natural resources. In this
study, the replacement proportion of fine and coarse recycled concrete aggregates with
conventional aggregates, is the similar percentages of 0, 25, 50, 75 and 100%, which will
include 5 mixing design. With increabeuse of recycled concrete aggregate, reduction of
recycled concrete properties, a increase in water absorption and decrease in slump concrete can
be observed that it has been tried to compensate this loss in the slump by using super plasticizer.
In orderto improve the engineering properties of recycled concrete and Study the Effect of
polypropylene fibers on the properties of recycled concrete, the polypropylene fibers with the
length of 6 mm and different volume percentages of 0.1, 0.2 and 0.3 percenusee that

formed of 15 mixing design. In this study, the Compressive strength, Drying shrinkage, Water
absorption, Ultrasonic pulse velocity, Electrical strength and SEM tests were done on the
samples. withncrease in the mass percentage ofpolypropylbersin recycledconcrese
decrease in results ofUltrasonic pula velocity aNadter absorption, increase in Electrical
strength results and alsegativeeffectsonthe compressive strength have been obseiteechs

of0.1 % by volumeof polypropylenefibergsiconcretedesignDrying shrinkagemprovedbuivith

using 0.2and@ % by volume ofpolypropylenefibers the Drying shrinkage
increasedComparedwithsampleswithnofibers

Keywords: Recycled concrete aggregate, Drying shrinkage, Electrical strength, Ultrasdsec
velocity poly-propylene fibers
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053 | 044 | 032 | 0.37 | 0.65 0.6 0.55 0.5 0.45 0.4 0.35

39.39224 | 59.46791 71.487 66.16368 | 22.91084 | 25.27859 | 32.9569 45.8554 | 51.55848 | 58.24458 | 66.86938

38.56949 | 56.24318 | 73.46239 | 68.72802 | 22.27087 | 26.16133 | 31.25616 | 44.96706 | 48.55881 | 55.83089 | 69.44748

38.54703 | 58.08675 | 70.75129 | 60.63126 | 21.00024 | 26.49161 | 34.03091 | 44.94281 | 50.27371 | 56.01893 61.3073

37.38411 | 56.88406 | 70.96251 | 66.80566 | 19.82845 | 26.73513 | 33.13053 | 43.68718 | 49.15497 | 58.0872 67.51481

40.15182 | 58.46629 | 73.28562 | 65.73062 | 24.03262 | 25.73211 | 32.88953 | 46.67554 | 50.62676 | 60.96439 66.434

38.39706 | 56.77996 | 76.51734 | 62.51297 | 21.20634 | 25.90324 | 33.42243 | 44.78088 | 49.05813 | 56.66154 | 63.19909

37.51152 | 58.81414 71.6843 64.24221 22.0186 28.73982 | 33.06652 | 43.82474 | 50.95034 | 58.79408 | 64.93761

40.65864 | 59.27945 | 74.07961 | 65.77782 22,5462 | 23.36567 | 31.37994 | 47.22276 | 51.38317 | 57.6784 | 66.48146

38.25759 | 61.0939 | 72.82645 | 72.17924 | 22.03035 | 28.99805 | 32.47239 | 44.6303 | 53.07099 | 60.18827 | 72.91719

37.7027 | 57.53782 | 75.64558 | 70.57885 | 20.86188 | 26.62366 | 32.49522 | 44.03116 | 49.7631 56.0646 71.30823

38.15251 | 53.91043 | 71.01381 | 62.42948 | 21.36333 | 27.45512 | 31.95406 | 44.51683 | 46.38887 | 58.16085 | 63.11516

37.30831 | 56.33356 | 73.36835 | 71.10407 21.7567 24.1114 | 35.05849 | 43.60533 | 48.64289 | 59.13264 | 71.83626

36.89365 | 60.42729 | 74.45988 | 66.53509 | 23.59701 | 25.45948 | 31.47213 | 43.15761 | 52.45091 | 60.15697 | 67.24278

42.44799 | 55.89966 | 75.61043 | 64.97526 | 20.91227 | 25.85102 | 32.02164 | 49.15477 | 48.23927 | 60.98604 | 65.67459

41.12191 | 59.69287 | 76.54165 | 66.51399 | 22.80036 | 26.73053 | 31.70169 | 47.72297 | 51.76774 | 58.2606 67.22158

39.06849 | 58.13144 | 73.48039 | 64.69451 | 22.25413 | 24.10383 | 31.05363 | 45.50583 | 50.31529 | 55.31231 | 65.39234

36.68496 | 60.58047 | 70.16881 | 64.8544 | 21.63166 | 26.79192 | 32.43046 | 42.93229 | 52.5934 | 56.71268 | 65.55309

37.28159 | 54.24151 | 71.74174 | 68.04711 | 20.68719 | 24.67783 | 32.31572 | 43.57648 | 46.69685 | 56.11597 | 68.76291

38.33108 | 57.53115 71.0715 67.88753 | 21.57397 | 26.28307 | 34.84533 | 44.70964 | 49.75689 | 62.49286 | 68.60248

39.80561 | 55.6465 | 78.23414 | 67.90367 | 21.80053 | 27.01873 | 32.35084 | 46.30172 | 48.00378 | 56.94948 | 68.6187

36.57088 | 63.32553 | 72.00771 | 66.42844 | 20.21396 | 26.61047 | 31.20786 | 42.80912 | 55.14687 | 59.49811 | 67.13556

35.05079 | 59.43963 | 74.87038 62.7112 22.12052 | 27.55875 | 34.94822 | 41.16783 | 51.53217 | 57.74038 | 63.39839

36.39251 | 60.47278 | 72.89607 | 66.51893 | 20.95647 | 27.46267 | 34.43115 | 42.61652 | 52.49321 | 59.76076 | 67.22654

39.10806 | 55.92573 | 75.16539 | 68.32514 | 21.79186 | 25.38308 | 32.37804 | 45.54856 | 48.26352 | 56.67054 | 69.04243

39.19617 | 57.02569 | 71.69441 | 66.06719 | 22.28578 | 26.52262 30.5882 45.6437 49.28671 | 55.47924 | 66.77238
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053 | 044 | 0.32 | 0.37 | 0.65 0.6 0.55 0.5 0.45 0.4 0.35

39.28807 | 57.39165 | 70.35632 | 67.14696 | 20.86197 | 25.01477 | 32.07658 | 45.74292 | 49.62713 | 55.44166 | 67.85794

38.40153 | 59.94935 | 70.31411 | 66.53802 | 21.56924 24.5411 32.48135 | 44.78571 | 52.00632 | 59.01241 | 67.24573

38.87982 | 57.38157 | 74.32483 | 64.49969 | 22.30168 | 27.36069 | 33.08708 | 45.30213 | 49.61775 | 57.7685 65.19648

37.87465 | 59.20888 | 72.92765 | 65.68137 | 19.79346 | 26.20006 | 32.33382 | 44.21682 | 51.31753 | 57.73359 | 66.38449

39.91316 | 54.07188 | 72.88844 63.5425 23.08872 | 26.13107 | 33.32173 | 46.41785 | 46.53906 | 60.75261 | 64.23415

36.52566 | 57.23981 | 76.27945 | 66.85754 | 24.68192 | 27.3435 | 33.24948 | 42.76028 | 49.48589 | 58.64495 | 67.56696

39.29317 | 56.36342 | 73.9121 62.83072 | 23.00085 | 26.94623 | 30.94641 | 45.74843 | 48.67066 | 58.4697 63.51855

37.30711 | 54.95765 | 73.71525 | 62.98543 | 21.53767 | 26.63952 | 31.37086 | 43.60404 | 47.36301 | 61.06731 | 63.67409

38.08985 | 58.84774 | 76.63294 | 63.49855 | 22.39182 | 27.76912 | 31.66089 | 44.44918 | 50.98159 | 56.5965 64.18996

39.44209 | 58.4261 | 71.61124 | 59.27525 | 20.71127 | 27.36692 | 31.98799 | 45.90922 | 50.58939 | 59.40195 | 59.94401

40.1829 | 57.96246 | 74.76237 | 67.94559 | 24.05474 | 26.50091 | 32.25052 | 46.7091 50.1581 | 59.66073 | 68.66084

36.89744 | 55.41173 | 75.05304 | 65.74333 22.9794 25.33357 | 32.71748 | 43.16171 | 47.78539 | 57.64451 | 66.44678

40.52043 | 60.00359 | 72.78839 | 63.60651 | 22.80343 | 25.38227 | 28.45277 | 47.07353 | 52.05677 | 58.50307 64.2985

39.60563 | 58.55334 | 73.75274 | 67.8109 20.89499 | 27.69614 | 32.05922 | 46.0858 | 50.70774 | 55.92111 | 68.52543

38.49662 | 57.34203 | 70.85263 | 61.71406 | 22.26712 | 24.17709 | 34.44205 | 44.88837 | 49.58097 | 55.95454 | 62.39591

38.30261 | 57.94271 | 70.89019 | 64.89773 | 21.25939 26.1693 31.20437 44.6789 50.13973 58.296 65.59665

38.26851 | 57.41119 | 73.52016 | 64.62234 | 21.54265 | 23.75412 | 34.00919 | 44.64208 | 49.64531 | 59.44985 | 65.31978

38.13826 | 54.63459 | 74.81618 65.7315 21.24595 | 27.48077 | 33.19119 | 44.50145 47.0625 62.93213 | 66.43488

38.63511 | 57.36706 | 78.72753 | 65.71894 | 20.72303 | 27.28149 | 32.65933 | 45.03791 | 49.60425 | 56.85362 | 66.42226

38.67813 56.3489 71.90005 | 63.38899 | 20.85727 | 26.20146 | 32.95582 | 45.08436 | 48.65716 | 58.45011 | 64.07981

39.85839 | 56.07307 | 73.69325 | 65.04055 | 21.65916 | 26.1111 | 30.50562 | 46.35871 | 48.40058 | 57.94582 | 65.74023

40.92613 | 55.74248 | 73.12683 | 64.77382 | 19.95066 | 23.07961 | 32.58147 | 47.51157 | 48.09306 54.4873 65.47207

39.31128 | 56.90453 | 69.24215 | 66.34181 | 22.59718 26.9294 34.9489 45.76798 | 49.17401 57.2796 67.04847

38.28053 | 54.16364 | 72.37851 | 67.26284 | 21.76483 23.4484 32.83789 | 44.65506 | 46.62441 | 54.74585 | 67.97443

39.55239 | 59.69898 | 69.53256 | 67.2945 | 22.70224 | 23.28921 | 32.75801 | 46.02831 | 51.77343 | 55.78965 | 68.00627
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%t A~ Az xj Cu-3 ¢{ FEy

1.41 1.3 1.23 1.2 115 | 1.09 | 1.04 | 0.98 | 0.94 | 0.87 | 0.79

21.73621 | 23.60886 | 53.37855 | 31.10641 | 53.44991 | 43.31969 | 52.15813 | 49.87885 | 36.83225 56.7947 63.09834

23.74199 | 26.17864 | 49.46553 | 33.49626 | 49.49566 | 44.26521 | 50.94593 | 47.19049 | 34.26497 | 59.46636 | 63.33522

22.27662 | 24.65318 | 51.39696 | 33.04583 | 49.69561 | 40.38814 | 51.71354 | 50.60036 | 38.80935 | 54.28516 | 70.35383

22.49616 24.705 46.49463 | 30.9195 | 52.34187 | 43.59708 | 46.21524 | 49.26841 | 40.99588 | 56.01343 | 62.92249

22.13155 | 28.13775 | 49.79905 | 34.64651 | 51.92503 41.068 45.64335 | 48.82905 | 43.02406 | 54.19736 | 61.40481

22.80196 | 26.45433 | 51.45209 | 34.25919 | 46.72281 | 45.08904 | 44.62812 | 47.89431 | 40.66098 | 59.4109 66.56292

22.10842 | 27.09328 | 45.39929 | 34.32178 | 45.44264 | 47.50703 | 50.0193 50.29053 | 37.2749 | 62.44715 | 72.94554

27.6144 28.1822 | 50.67243 | 31.63373 | 46.7923 | 46.18801 | 57.00925 | 44.37547 | 41.2525 | 56.11769 | 65.89081

19.50819 | 26.60421 | 49.03896 | 35.32685 | 45.80555 | 42.94104 | 50.71976 | 48.86484 | 37.13561 | 59.55716 | 66.89558

18.09845 | 27.43523 | 46.70124 | 34.35517 50.3849 40.20821 | 46.14145 | 48.41455 | 37.72417 | 56.41581 | 62.46582

19.56146 | 27.73147 | 49.4842 38.98484 | 48.92351 | 49.29064 51.0525 47.27236 | 38.57966 | 58.44096 | 71.74954

19.6585 | 28.82495 | 43.7493 | 35.36412 | 49.05772 | 51.0246 | 45.05756 | 52.12391 | 36.97673 | 62.09456 | 66.24416

21.01104 | 27.26706 | 43.03451 | 35.59826 | 45.97567 | 45.35412 | 44.15406 | 47.82315 | 39.64549 | 58.50165 | 67.68378

21.55461 | 29.36677 | 45.96882 | 32.83272 | 52.61972 | 42.09091 | 50.68886 | 51.77641 | 37.89407 | 54.63773 62.4167

21.45198 | 26.2507 | 46.54389 29.4724 51.5639 | 48.51997 | 46.12668 | 53.12592 | 39.6045 | 55.23793 | 68.83495

23.00981 | 26.09266 | 45.98082 | 31.77004 | 49.92182 | 43.25832 | 49.46405 | 49.61357 | 39.11238 | 57.53275 | 67.18288

22.69805 | 30.01504 | 44.27651 | 30.80162 | 53.36967 | 43.61934 | 52.79122 | 50.96141 | 39.25895 | 57.45997 61.692

23.44012 | 25.05703 | 50.48928 | 31.28718 | 47.48723 | 47.60486 | 49.7238 52.08303 | 38.99789 | 55.20884 | 65.94122

25.54565 26.1936 44.68144 34.0907 51.4872 40.92916 | 51.33631 49.8489 43.83414 | 58.70328 | 64.19874

24.40744 | 28.26269 | 49.94006 | 31.30519 | 51.28153 | 39.24955 | 43.60083 | 51.77715 | 42.09941 | 62.32924 | 66.18823

19.26916 | 26.53593 | 52.02835 | 30.45761 | 51.28406 | 46.23629 | 50.51829 46.185 40.56449 | 57.26129 | 64.90963

17.12534 29.3504 | 49.59313 | 31.67457 | 47.93647 | 46.17768 | 55.02439 | 53.54324 | 36.31526 | 57.41689 | 65.12516

23.74908 28.5189 49.88727 | 32.29696 | 51.21449 45.2796 50.15097 | 47.03153 | 35.87292 50.7486 62.12941

18.1367 26.85381 | 48.43326 | 33.72544 | 48.60185 | 46.45964 | 43.79892 | 44.42909 | 34.92911 | 55.51372 | 64.65114

22.03686 24.4561 | 45.02547 | 30.31351 47.4175 | 48.18046 | 47.88023 54.3931 47.65421 | 53.44753 | 68.52395
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%1t A~ Az xj Cu-3 ¢{ Ay

1.41 1.3 1.23 1.2 1.15 | 1.09 | 1.04 | 0.98 | 0.94 | 0.87 | 0.79

21.97274 | 27.47075 | 49.46481 | 33.49493 | 46.46515 | 47.85192 | 46.97465 | 49.90549 | 43.10759 | 56.81027 | 71.99992

26.46598 | 23.09963 | 52.56445 | 32.89545 | 53.4213 | 43.32911 | 49.66857 | 51.49203 | 41.11557 | 59.85506 | 61.67594

21.7581 26.74821 | 54.96304 | 36.01778 | 47.57425 | 47.38032 | 49.75708 48.9736 37.68721 | 63.18656 | 74.24844

20.85992 | 28.01283 | 48.27268 | 32.16598 | 49.66329 | 45.50913 | 49.73712 | 46.93534 | 37.20793 | 64.1056 71.22312

22.38344 | 26.67772 | 44.57919 | 32.36311 | 46.44844 | 43.51433 | 47.39014 | 40.57118 | 41.92491 57.7097 66.39881

22.40393 | 28.17257 | 50.11324 | 29.76558 | 49.27774 | 41.49315 | 46.67167 | 52.04199 44.758 57.03079 | 64.72962

22.0436 30.77194 50.7609 29.22971 40.168 46.9013 | 46.70121 | 49.21104 | 35.68486 | 60.82988 | 63.31724

20.65233 | 28.27181 | 48.89979 | 33.47787 | 46.82616 | 43.96078 | 51.10408 | 49.48807 | 39.14865 | 59.73676 | 68.75936

19.39353 | 26.79853 | 46.05524 | 32.07499 | 45.77245 | 45.13646 | 42.84663 | 51.35771 | 40.16529 | 60.65536 | 63.33163

22.54887 | 27.63885 | 55.84571 | 33.96195 | 47.05122 | 42.66971 | 47.86754 | 45.69884 | 34.85325 | 60.69886 | 64.15864

10.14694 | 27.1541 | 42.32012 | 30.46375 | 49.53803 | 40.4434 49.3249 | 47.83811 | 42.74246 | 53.15691 | 68.94005

19.78389 | 23.25189 | 48.02657 | 37.4811 | 49.19015 | 45.50425 | 46.50845 | 53.65767 | 39.24538 | 59.9044 | 67.34918

24.62916 | 25.26625 | 45.52236 | 33.00621 | 56.23526 | 44.81739 | 49.95598 | 51.95388 | 45.7245 | 57.79433 | 68.98671

21.59058 | 25.63259 | 49.65878 | 32.65898 | 49.65987 | 43.25845 | 45.32568 | 48.51237 | 39.6542 56.3568 62.3652

21.85792 | 25.00257 | 47.21548 | 28.48585 | 49.87459 | 40.95145 | 44.15874 | 48.21578 37.6589 55.87452 60.6598

20.9856 | 24.99892 | 48.26985 | 31.45125 | 47.14785 | 45.28745 | 47.52858 | 50.12569 | 37.7874 56.3654 63.4859

21.54872 25.6523 | 49.11125 | 29.85964 | 46.66665 | 44.41448 | 44.3278 46.96587 | 37.42515 | 54.69854 62.5989

21.85796 26.3625 | 49.00254 | 28.65948 | 50.65658 | 40.7878 | 47.98524 50.9685 38.25896 | 53.26845 62.5879

21.45262 | 26.01589 | 47.85215 | 30.36989 | 46.58964 | 40.65842 | 48.98567 | 48.98745 | 37.54216 | 53.39874 65.6598

21.36548 | 26.15783 | 49.03025 | 30.78458 | 49.48485 | 45.69875 | 47.54698 | 48.25785 | 37.85962 | 55.3698 61.3569

23.19022 | 25.9548 | 47.96583 | 30.48989 | 47.2589 | 42.87451 | 45.85214 | 50.23655 | 36.3656 | 57.69746 | 63.6574

24.65262 | 27.99874 | 52.12548 | 36.00145 53.3697 | 48.65487 | 54.02159 | 51.26589 | 44.32587 | 67.95201 | 76.36584

25.12351 | 28.00155 | 52.39548 | 36.48579 | 53.98751 | 48.02655 | 53.98452 | 52.02486 | 43.02548 | 69.21084 | 77.65821

24.9802 28.23781 | 53.10245 | 37.25411 | 53.04892 | 47.87416 | 53.02458 | 51.08745 | 43.98025 | 68.01542 | 78.01263

25.01485 | 28.34012 | 52.82546 | 36.78502 | 54.00254 | 48.0037 54.10245 | 51.98632 | 44.03658 | 69.21054 | 78.03265
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Abstract :

Self consolidatingconcretg(SCC) mixdesignshould consider the appropriatiearacteristicin
terms of workability rheology strength and durabilitgimultaneously. Because tifis, already
standard methoth the world forSCC mixdesignhasnot been expresseth this papera new
method of SCC mix desigmased ortcompressive strengik presented. various parametstgh
asaggregategradation packing densityyolumetricratio of water topowder,waterto cement
ratio, 28-day compressive strengib consideredResultsof mix designs made in tHaboratory
areperfectly accordanwith the valueof target so theproposed methois a realand valid

Keywords: Self-consdidating concretecompressive strengtmix design particle packing
density.

" Corresponding authoghoddousi@iust.ac.ir

62y WU E | g EEY, ¢twA | oz



6 BV wlEEW A

40 wo yEswWwiAEz

. H, Bl
4xx2 5¢awe %l & %BwWE
4353 5 CY%eE Ya~ Y& %BWE

cAvlia, Eu #&ywhpCackaa Az y % Cu

y y %i wu €1
taz CT Cywl U
‘CoCYwuAv °CEU«
OvvayY £REymE 1ACGEYEV tawoEyYy V!
CéiéwhaebP«°o 0" 0 wWN3%COHY
Gv%aY £AEPME | AC%{ £ awdEyv: c%unit EA-Eyv

5a°Ci

25wlio y Uaz

BIEY wlAE QY ALE ad&® Jiv @4 vy RweaN Wl

a%YlE 6y EWAAV g oweclAwi AR ECA Clev LW E P & M vy BN ORAy ¢ AgLyv wz A
+%L O CLAw%Uz y ALCAHOWn AECELTE AP &v ¥hk>» )EwWEwAYwWAAB Lz A

WLz ALPICAz; w Cldufgd yACACEKAFT WHRZz YECHELEH CAMES ¢ v bvAFoa-tvay U ¢
¢cLUyweéeun v A

)y ¢ LAV Ao @BEwY ¢z %l

Eaxweddywyv ¢vyz Cydy ¢ A~
UCLp°Ga y é3%LE

CA%LGY QA KiVICELCEHEane Ady AdpdvwaRi LNy EALCT Cy
) ! %i a¥%wEv Uoz ¢E¥%BwEA §

XA%uYV xVYi« ¢COzwéaglyGEd - -ACwucyAw Ay wyC AGs @R ¢ 4 WCaaihA vigpaiac o

esmailij@yahoo.couk D&Y 4° p £C Ay

, HoZzgiswUE | sEE 6wA luoz jwécCé’ £



.YV H%iowo ¢ralAvedAVC oMuE v

EEVALAVY ALCQU v#E dwz KCPA BA«Yy UECBAW2 el AE
alytl ¢y OtwtaarALAAC L AGaRA& 0 ME A RWHRGE ¢ Wil & & 22z YWACALEAEzw Z1
EevALAGU AUAS - @wailiAwE#Ry ULEv wilzz ) #wBywhCy 0
%L § v Cia Gl diwe & LOEoUL )Cranush i APe th10%ALE T UA R 24LL £ ALl
¢ LOAGRGTAANAELE Wxwy COWewd v 2BEY Adv °Lbz YwlLz OLI
VvVl Ubiwk &%l )EYLE WZE VL ¥dALp& Al C &V dAARE awiC 6
i BALz 1 %Leaebpl €%E 1¢ ¢NAGHBRARE ICHEWz 619367 & EYS WZA O
2 W EWE L BRBEY AL awwing AGBANL CaY L BoR@pAL ¢
C anveevw W VEEROSCYWAR A 2w - © plyj warC TNIG YR, & wév %z Yawi ¢
o Lpi CLAEEEECAND LI AWELGKIACIVELA ie Lz Cou%é~ EC
¢ AsLyv ¢évivt ACHCIEAMEwE CY M pOWREED Lystuy»w A
¢CLLCOWPACIALL zEWILLE PG HALCE-SLpEL BawALEoyv § ALLc:
YERILHEGS CALz ¢{ LAYy AC6Yyv UCPA WP zZHWBEEAWCYEH
A aAlL&y | ¢ %wLE& ¢LUuyveaawoHeE AN 3O yowawELy~ £A (i
Cowenoyv AC3wy ConoAACKE ¢ OLVAAE Ay AL Ul CHR <Al
iV YE %SDILWedAWAWL Arz ACHCER AR GG L Ex v A weA@dy AwlC
)28 EVEZECIOYCIA ¢ WL & %L £ AC %18 §CUCT Y% ¢ %6 %CH
EWAAL 6, U =V V10 virewd 1A LEAEARGES UABAC B0yPE (AR ZEz Az 1ALe
ALLYAGAaG %)LeLLAaVwLLEv dAMzod:RE08aCIaG E1 % IVEBHY WL
i VWLLeaeou ¢VELLME LAY LeeLLEE ww Otz 3CH QWGEELAL (Bt
Yy ¢LAv ac° L EUHPRRC -y V) °HUWIEFE Oyadl E BiYe BWAER Bv
1LAL{ Az ¢r1dAL& awCsv 0aw AQW¥%li-ez LYZ 3QEEvELY B 2owe
AWLLCSGv UALLY ¢v ©LLp EARLY 9k ESAE Yy ASBALRYE S8vidY [
YARo &% Bwiz dwCdv %Bvoeu y VGV HUOXLORBMEWNADoe
wLz 206/&0 0Az%RCToQywi el waVBRGBAWASHACRECE & v § veeé ¢ w
wlLB6zG46 Owa CLLA ALLz x| &wLCAvce] clAfFy awEL 8@ WEAIL L
AwLLCOvV (jeyCAN£E&CR Rd ORvA LA sl BUIFBSE Aicos LGy #41L E
¢ { LgBy AL Wlimm ®AD AEZAEECAWAAUC WHEVLE Pz Y)oCHICIZE W (E
2 §wLL L1t yo5% Fotel L LYL LASLd 10 "CAL L)a°-yewlhz CéwLul @fkdyv
CAEGOYCHAS U wéev Bl )lcmkapalr LEC va G40 EBOLLERBLOM. & w- Y Vv ¥
WLEEwLU¢|] 2 ¢wbwayv o ww AAY @A LLEWL 8C WVEIGGARIPEAR LyiAESG kv /
oLz ¢Luyweu COALWENABRR CHzpyl € @A 3 AERT S V av
COLPpURUAEE & ¢ vepLyBueEli acAaf® CA% | Aodawe ® A{ Az
wLLz AL ZAE wELWN YA LLICHE Wt Bk v Ao LA £ cov B ERCHR Liz L 6
ALi ¢LAv ALeiy uUcév CHvwkdz cuyweyw EEAAIFC Az

A v.wuE | gEEY ¢twlRA | Goz



Cé € beb «° UC @WC YWNEAW Yo CE U «

dwL Co VA LEyvA T 1Y4 w BasAIC \APLez LABNeG/F @GR w3 a Az ¢t dA
Clowi - % awl % i, va vaCEv 60N A3 U TR i z8LiAvizEA 2 S4BV E O § w €

8 Kk apawE&awe€ov Y& &wé EEvA;
CLLAYy%~AGHCLLA AywbtEAlBE b 363% ADAAICDNE, 3z § A ACEHGCADY.
29wLT 0 | ¢ASAWD-Api ke~ AlywiyC ALaiVABCAVERPZCEN z EL &1 6 i Y Ay

Yo LANo Awe ACARAE WwlLa) wEAR \ANL We 1 OORAUGRHCE w
%o LBECAAE | LYwz AC@ICAFA RACKH RjuYL° Qavsvvivzh GEME i AVOYE &Y%t
a° LE Qb Lo BaioedectC dabcaw Bty | 3 8 NEBERY | &v° eE <\

0 wua LGS G ACLE ¢ iy semaw adaviil E ¢ wivik AW v2A LEC%A | i wil

o pCIEWzYyLO6OU E@Gdvw ¢§ € 0 & BHPEREW @ WA BRYQ A i WwEy: APdwO
y LL /B3 %z ACOCLLAE | B&amA LALAWRA WCY v |d Byl va L LE ye YLAiL I 20nmdHE 4
' LYwzelLML il g ulyd AL AwvB co Chv Ewa B8 Yoyl L Ay

Y & 1@ ¢%wEA ¢uwdUCiBEVAGAMWLEAT ¢t dAA

CowlL&ae A owi Ci Cywi o Y%wwEBACA%%EI 64X wenwbuaCy
¢ HEFRE&S dwz %I 60Y wz GCHAAARGEDNE AEI B DR ALE W
Vil @ @ Alp - & wa~) CyER %z V¢ W ads wiasy 1Vaiisw 2)Caa AGUEL ai¢— 3£
a ! 3200iMPa- v € @l & MHPFRC@I § @8 A £ w2z v AL 80/L UA L°zL p3blz- pyu  a°wLl)
Cé dwl z0 zwset YALEHil o &z 1 CLIDES wyjé DA GVMEFA L L ~ YwlL Lo &% t ALL
CWCELIAE | CoLLER %z YLyl &0 LAY WAL Lok anwvd WIEEIRE & Eiv &
¢uUEé yCE %z v(éhev M¥AE 862 AIABWARCH P (b 6% \AWMCHW S § 31 w
T Y%A LEWzZ HAL @Gws z 0L 0 @O E B \CsoA & GREWAPoBLIZE ve U
6vydoLLCW® EawlLi % iveL3CEBRGLE ¢ UvAWWWBHRE AN 8an Py
Y 8 Y%y oA A« Bywii i O€w “BAWL ofd B YV L Av AL &dwe |

A

53l S U s ’ \%
WSE&J@ngﬁ "

s >k U 2k -y

, HAgrwiE | sEE 6wA luoz jwécCé £



.YV H%iowo ¢ralAvedAVC oMuE v

AC Clyp CBw IGAIVFCE i%ECLOYWEOE Y - Mo £€%&C ok v ¢y0 gAREE ASONC
Wiy wAyd@@yo, AOWa 0 &v CAVENEZD y)medhsni FRANEMWEA Va¥.w e
ULEVL By EO0yHE « +&0WFu%llOEaxh ovE ¢OZOEUE b8 6352 Fh -
wLLz CAWLLCOWALR WAL ED %0 ¢ WLEZEFwWICH® LL & wh afayaA dayy L €

Gwua CLA WGBEWA v ¢ § wAyrCAHWV 240 ted B Otydeyyw éCow 8%z ¢ 1

¢vwWv: ALz % LYAWLIICd AL GPUO !°LLYpwizE 34~ wWOLDOWEVC BOA yEABLES

3 CLU%®RS5dme AR wWIdH YAL Aveldsbyin oo %t ¢ A¥WLL v ER Vil
0 ALCoR v@udED Az UAY MijpdiAsda %] awL BFAGFY WIERA v E @@ BE Aa [y
O0y°LL« % akdweeg LAV | Eswled v AKEHALNEY awk z AL EE w
ALCy Q@FwlLiyu j Avdd GIEAVGEC L Av  37°8EF Av v Avw Bty 1t A

%l Aawl Co AW sadawinlE B0 o (BGpadANIa €)%uE wBwEoyv C

Y CAv asgwhE AFwWé A% E%E va Ba-t CJ Wk BLE) Ay

L wLLPANL WAAW AL ERIALG -¢ vEHB AW E O ¢ JEE&VARIVL z) Ywz 006 C~
oV Y 1 @y € L Mex10850cm® E ACAE Y8 KB & %E °EW §

WLE yLOoWé ¢v 0! %ULi ¢c@Wilz SWyWBD jwza UE z¢E WYy

¢CLA« )¢LAv a°LE a?wwo AbwiALed Ai &G A AiEA &¢ROVEER w

e £F PAYWAXWEACY CYHWEAVWERRUWES FREBWMA Ajz ) ¥4 pNa 4Bk

¢ LAvacaP a@Ey¥ERHEA a)PwmEW WKW YL advAilad Aszw@dov | Coi ¢ 6
AWLANIGBWARY Vv AwCov & oA Hw W aaPrViviBLly Alrx AGMAEE wizA
AW O E 6y 0y wiOilwa@® (p pHc d Wié W E £ v &8 & wiel W w4 b

i )YopLEwz AglAaaiyALz i Lér Ay & Be&KwAé viiy
| ARivE 0! %i OA6, 0 AwAAEwl X¢ HAMRI AwWC dWVHLEQfLVE YaLEA

AWQLIWBE, WiLwz OEw .- v 6yw3y ¥biwal (BowzC 8Pz GH €] YL IS L (8

i Lov CEAGY%LO  060-wlishk Azt QL8 Yy 8 § ABgAW YO wiLhaiYeviliv AL @
¢Av CAé°z )°yYyAE E4%E ubwle®dp L £A LG ACYHEHCO B wky.& % B 2§ |

¢ YEIL wi¥n Bz LAGCH YCA IRAQwRL Aya diwwidaviw £éwesy d@ A & w 3
OAEDoLEWAD ¢ WECFAVIWRY B8 VMCATN C2AKL R Hibd y £ Ci %E C ¢
a°E at!wayly HfA 66W%A Co A CLAAD a0A devit toyywelLun Ay  CEH

UolLz %CLEWECHRINS OALAY, 1) 20BwizC LA &wéz * A{ Az 0

) ¢ LAV AyMyE QOitéyvA 8Az CAGH G v ) ¢ Av Ac 8% %Bwi

wz § a°E AdwNk GLBICAAYjwyAnr°@z&HBWE & V2AHFwPEwO
%o LECz éwa° Liiweeo Avt y AL WL) €U Adzd ®ISE SWHCLEE
AawLNELY SALELz O6ALOGC LU DPHEHSY EGR: YA L A Alyzw yA
GLev o0Cl avV@mhwyy veri AEL v A . AEVANM X1 %84 z¢ Co/aw
Xxj ¥ ¢LAv a°cLE ALod%ubprudi )i etcRALAY Lk Lz

A5/ vaWUE | gEEY 6twR 1 oz



Cé & dbeb «© UC @WC YWNEAW Yo CE G «
OLAYy awLiTO0%uCCas y Advilza YW Aww La2CLaRf 8A &evdNove &
YawlLL z H¥%LLyY )ACLLIL Adw A v %A b & G WIARGSAoB Wive Y
Uy %L E - ABpPnEMIiZ ¢zwg§ | WARILECz %voLéu Q0! %
EewLu¢jALYAWAY daowl E Caavisé W weElw dodAvyYafidswz) ¢ L Av

¢ Y%y Yal AYewz aAWYPAAY £ vaowEBwEBGHIME W - & PGwa CAvay A

) ¢ BAN/se@ © B \EL 72 wh w§ YV pUELLWVzZ ¢ LIRAAGHE WBACTL § § Y
CAYyVAcALAKG Y wWiAF % ABLILA vA OB EERAELDAV L OKEBE , AT 0 %8Oy
) ¢ L ASTM @496l E Y2 v 5B ofnv

67 KN/min Ay VAo LAv ¢awi LE)BAWL BLJE Yl YavevC Aowal
V8, 2,79,79 TEwWD was¥hv CRGOTHE A@AWEGwz EEéwu ¢

¢CL £ ¢%vyulLf%OAyawdao Al ¥

OwLLUYV

Vv

Uaz OEHOCVY FEGWEP «
aw{ aw({
CEGHN AQy ¢1d ¢rd | aapy '
Gey | aey | ywl  ywi PUBL agy | AR UE Xl Owl ey
) cm kg/m?) | (kg/m?) | (kg/mP) | (kgim?
gawd #awd oiy oiy CW | 4qyg & | ki/m) ke ko/m)
#Cau- #Cua-A
0 0 0 0 7 0.1 833 883 199 442 | CB1
0 0 0 0.5 9 0.15 833 883 199 442 | CB2
0 0 0 1 8 0.15 833 883 199 442 | CB3
0 8.19 0 1 0 3.2 833 883 199 442 | CB4
0 2.9 0 1 8 1.2 833 883 199 442 | CB5
0 0 0.5 1 8 0.18 833 883 199 442 | CB6
0 0 1 1 9 0.64 833 883 199 442 | CBY7
15 2.75 1 1 8.5 2.3 833 883 199 442 | CBS
al waAEMY bV (-BY° «
: T cee; | 6AD S A
a° Wwewvd ¢ sawuU CEE] .. | (mm) ¥ oA
(MPa) %a0e (mm)
Ganzhou Daye gCén >2500 65 02+005 13+1 |V %i Cu ¢
BASFIran | @a° E X E| 1200 45 0.8 36 |y ¥%iwd ¢
atl waddo ¢ VA Y By ° «
. K g E i w P Y
¢ %awl|  pH AcEwy aAcy RETIN ) EA
(gr/lit) (m?/gr) (nmACo
° CaeA 6-7 100 250 20-30 98.3
, HadgiswUE | s EE 6wA luoz jwéecCé £



.YV H%iowo ¢ralAvedAVC oMuE v

COwCewyveuyweu EEv ~ CE
¢vauLz woaLAv¥v ¢ : w
y  ALLt v %vt %IBIWOLH Gopar y
)agE E
%1 ¢Y%wWwAEOAYL REGFWES]
%1 %4 ° WE é %al°bw/ $&awatey - ©
Boval ¢ | SO @ W ioeieiE Yy b o
6wLUYv Ai %0PoHw ZAWZA 1
wLz a°LE A{LAw ¢ y
10x10x50 cm G4L CELYAGY * wl » " , UgLév
i A9 LE QwL Cza°@EL AU A g AGm R Ay @t E e dia 4 CP
AICING0 HEWPw%e ALz OALz%U O0y°L« UEvV
Yl € v o EAETAN CHBROT BV CzZywOUA vV @ | zaayey
AL C- WwWAEC- ¢v (Ebwlz EBwl ALY, %* Wq_\%Lei.yu V%C‘i(;ééfbay
A{ L@Blwenh 0 | °%LE2VWZ%/150E(”:aV\bLé] (;d'w{ug)_lé VEfélu yé}%lu e, 560 s
tLCOzwWEé CLA%%?Eﬁh&«agﬁg%ﬁxwg%éyz%gLﬁzéA&lh‘g
0wi @22 C & Sh@Edenza dRWAY ¢ WEA %Yy X<y | 7 ALS 2z waé U j o8
BIA YA GWa CA DAY Ediv Yzt CAVQIY G 6 VB a1 5O Aoz ) v CUCAAD «
)°Yy Vv RCELMIE BT B 1VZS;A]®_%M|%@&%Q@LYV 1 A w
EEVvALLAV LALH@WHC AAAACL LwA

-

a A

whkiy Ay ¢ %BwE& ¢cuywewy o Coune” y CEOG-

CB8 | cB8 | CB7 | CB7 | CB6 | CB6 | CB5 | CB5 | CB4 | CB3 | CB3 | CB2 | CB2 | CB1 | CB1 wa 2
ac¢y3d acylacyd acy|aceyd acy|achf acy|achyacyd acy|acyd acy|aceyld acy
70
17327 | 14678| 11490| 9982 | 9283 | 9074 | 8719 | 9737 | 13857 | 9663 | 7126 | 9061 | 6418 | 8870 | 7235
(N)
¢cuy
117 | 991 | 776 | 674 | 627 | 612 | 588 | 657 | 935 | 652 | 481 | 6.12 | 433 | 599 | 4.88 CE(
(MPa)
Cou
37427| 31166 | 22758 | 21651 | 18895 | 18350 | 14915| 14369 | 26871 | 20252 | 16016 | 14380 | 11967 | 3796 | 5714
(N.mm)
¢cuy
64.2 | 441 | 408 | 344 | 418 | 362 | 507 | 441 | 799 | 477 | 359 | 492 | 371 | 452 | 373 ¢ oy
(MPa)
62 ewU E | g EEY 6twd | Guoz



Cé € ¥beb «° UC aIC YWNFLAW Yo CE U «

14000 14000
12000 12000
10000 10000
Z 8000 Z 8000 /‘
3 = ch1-7a B / —ch1-28a
o Q
8 6000 A/ h17p | 2 6000 / , ——ch1-28b
4000 // v ——cb1-7c 4000 / ——ch1-28c
2000 2000
0 T T T T T T T 1 0 T T T T T T T 1
0 05 1 15 2 25 3 35 4 0 05 1 15 2 25 3 35 4

Deflection (mm)

Deflection (mm)

a 42 U CpARASSE EGv EEwil¢|] AZ%wAzQudBBYyAEE O

, HAgrwiE | sEE 6wA | uoz jwéecCe’ £



