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0 0.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7500 0.20 590E+04 | 587E+04 | 0.205 | 465 | 0.003 | 0.003 6400 31 3433 | 3.75E+05 | 3.80E+05 0.51 2.50 1.33
13000 | 0.40 9.90E+04 | 9.93E+04 | 0399 | 455 | 0.005 | 0.005 6100 29.96 34.74 | 6.50E+05 | 6.50E+05 0.30 0.18 0.02
15000 | 0.60 1.17E+04 | 1.16E+04 | 0.579 44 0.006 | 0.007 5400 291 36.51 | 7.50E+05 | 7.60E+05 0.27 3.50 133
16500 | 0.80 1.34E+05 | 1.29E+05 | 0.763 43 0.007 | 0.009 | 4800 28.44 37.2 8.25E+05 | 8.46E+05 3.60 4.61 2.59
17000 | 1.00 129E+05 | 1.30E+05 | 0.954 | 415 | 0.007 | 0.009 | 4400 27.45 38.14 | 8.50E+05 | 8.50E+05 0.36 4.59 0.03
17500 | 1.20 1.35E+05 | 1.36E+05 | 1.148 | 405 | 0.007 | 0.01 4050 26.78 38.8 8.75E+05 | 8.92E+05 0.69 4.33 191
18000 | 1.40 1.42E+05 | 1.37E+05 | 1.342 40 0.008 | 0.011 3700 | 26.46.86 | 39.11 | 9.00E+05 | 9.00E+05 3.48 4.17 0.03
18500 | 1.60 1.39E+05 | 1.42E+05 | 1.529 39 0.008 | 0.011 3600 25.77 39.77 | 9.72E+05 | 9.27E+05 2.03 4.44 4.64
18500 | 1.80 158E+05 | 1.49E+05 | 1.733 39 0.009 | 0.013 3350 25.59 39.8 9.75E+05 | 9.72E+05 6.06 3.73 0.26
19500 | 2.00 158E+05 | 152E+05 | 1.919 | 385 | 0.009 | 0.014 | 3150 25.12 40.13 | 9.75E+05 | 9.94E+05 3.83 4.03 1.95
19500 | 2.20 156E+05 | 1.50E+05 | 2.098 38 0.009 | 0.015 3000 24.79 40.42 | 9.75E+05 | 9.78E+05 391 4.64 0.26
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Kuralon ¢ yi Jguazxo PVA GLUJI

M echanical Propertiesof PVA Fiber

Elastic

: ] Tensile Strain Density
Ao PIEMEL (1) Strength (M Pa) M(ngL,l;;J S Capacity(%) (g/cm3)
REC7 26 1560 40 6.5 13

REC(S)15 40 1560 40 6.5 13
REC(S)100L 100 1230 30 125 1.3

@ High Tensile Strength and High Elastic Modulus

Tensile Strength and elastic modulus of PV A fiber are higher than those of another organic

fiber. PVA fiber has enough strength to bridge crack of cementitious matrix.

@ Good Affinity to the Cementitious M atrix

PV A fiber has suitable adhesion to cementitious matrix. Appropriately interaction between

fiber and matrix decreases stress localization.

€ Good Alkaline Resistance

PV A fiber has good alkaline resistance. PV A fiber is hardly damaged by alkaline matrix.

The Mechanism of PVA-Tiber’ s Affinity to Cement I

PVA molecule

Inspection ol ukennenase vl FvA-nua/

In akali environment, PVA molecule
PV A- Matrix with electronic microscope

(fiber’ s fiber : Kurdon K-11TM REC15
diameter : 0.04mm) Matrix :
cement/water=100/40 (weight)

adsorb the corpuscle of iseasy to
(H.Yokai etc., J. Am. hydroxide.
Soc., 108, pp3358-, 1986)
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Pull-out behavier of PYA-fiber

The edge part of PVA-fiber pulled-out from cementitious matrix: €l ectronic microscope
picture

Fiber : Kuralon™ RF4000 (fiber's diameter : 0.67mm)

Matrix : cement/water=100/40 (weight)

Durabi lity |

*Comparison with other fibers:

100

80 10

Strength Retention of Fiber (Index)
Modulus Retention of Fiber (|ndex)

B0 B0 -
0k \ £ Glss s Y E Gl \\ Alkali Resistance Glass
13 ™,
a ‘ \ u
¥ ™ Y
20 no measureable at 7 days no measureable at 14 days 0 no measureable at 7days no measureable at 14 days
pl— . N opl— . .
urtreated Tdays 14days. untreated Tdays 14days
Soaking Days in Cement Extract at 80° C(176" F) Soaking Days in Cement Extract at 80" G(176° F)
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*PVA fibers-reinforced fiber cement boards have survived 20 yearsin the field without any loss of

strength
Swigs roafing
30 '
25
Bending e — Swizz wall
strength 20-{ge——g"""_
(MPa) A = A—tBalgium roofing
151k
10 . . T
5 10 15 20
Exposure term at site (vear)
Kuralon™ & Kuralon™REC Property
Tvoe Cut length ~ Diameter s'tl're;sil?] Elongation Jg‘c;fllues B Main
yp (mm) mm) P%t) (%) Een ag application
RF400 6,12 0.2 1000 8 29 15kg = Mortar,Concrete
RFS400 18 0.2 1000 8 29 15kg = Mortar,Concrete
RF4000 30 0.66 880 7 29 10kg Concrete
RECS7 6 0.027 1600 6 37 7-9kg  roofing/Mortar
REC15 6,8,12 0.040 1600 6 40 18kg Mortar
REC100 6,12 0.10 1100 10 25 15kg | Mortar,Concrete
RECS100 12 0.10 1100 10 25 15kg | Mortar,Concrete
RSC15X8 8 0.040 1300 6 30 15kg | Mortar,Concrete

AIAR



RF4000 30mm

RECS7 6mm

PVA-f iber vs. other fibers

Type

PVA-fiber  880-1600

PP

HCPE
Aramide

Carbon

Steel

ARG

Tensle
strength
(MPa)

600

2700
3000
3500

1200

2200

Elongation
0,
) (cPa)
6-10 25-41
25 5
120
4 100
0-2 250
34 200
0-4 80

REC15 12mm

Tensile Specific
modulus Gravity Durability

(g/cm3)
1.3

0.95

0.98
14
17

7-8

25

\Fe

m 2 O o

®

REC100L 12mm

Affinity to
cement

E

N

Cost
performance

E

G

P

Remarks

Floatsin
water

Expensive
Expensive
Expensive

Heavy,
rusts
Weak in
alkali
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PVA resin, which isthe raw material of PVA-fiber, is designated by the F.D.A (U. S. Food and
Drug Administration) as a safe material. PVA' s chemical structure is based solely on carbon,
hydrogen and oxygen. When burned, harmful substances such as dioxin and ammonia are not
created.

Polyvinylaleohl (PVA) OHy— CH —

OH

*This structure is quite different from polyvinyl chloride.

Toxicity
e Thenumber of living rats
5min. 10min. 15min. 20min. 30min. 24hrs.
PVA-fiber 5 5 5 5 5 5
Polyacrylonitrile-fiber 0 - - - - -
Polyamide-fiber 5 5 5 5 5 4
M etha-alamide-fiber 5 5 5 5 5
Wool 5 2 2 1 1 -
Test Method:
1) 5 rats were used in each test.
2) Each 10g of fiber was heated at 400 deg C in the fireplace and rats were inserted into the
smoking gas.
3) The number of living rats was checked at every fixed time.

Conclusion) The data clearly demonstrate PVA' s superior safety in the event of fire.

!



Gas density

S CO CO  NHs HCN  HS
600 400 600 400 600 400 600 400 600 @400

|045 013|089 (043 | - | - | - | - | - | -

133 016 015 O 006 0.05 0.09 0.02

083 010 040 001 005 taces 003 0 - -

433 046 075 034

i

200 010 059 015 010 006 0.05 0.01 0.04 0.05
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9 KURARAY CO,LTD.

Kuralon for Mortar and Concrete Products

Type Diamreter Length | Tensile strength | Modulus Usage Note
(micron) {(mm) {GPa) (GPa)
RECS7Y 26 6 1.6 39 [Mortar Resin-Bundled type
_ RSC15 40 8 1.4 35 Mortar, Concrete | Cracking Control
'REC15 40 8 1.6 42 Mortar B
RECS100 100 12 1 12 [ 29 Mortar Rasin-Bundled typs
RF400 200 12 1.0 30 Mortar, Concrete
RFS400 200 18 1.0 30 Mortar,Concrete  |Resin-Bundled typa
E_WHOOO |-.|.|_m._.__@ B 15 1.0 29 Mortar Concrete
RF4000 660 30 0.8 29 Concrete
Konraray Forapae Ginbbl
ERl Tl DEE LU O
Telr4u-21 di”ﬂwﬁ |
FAX 149211388548
KURARAY  URL:bttpyfwww. kovavay.de
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Designation: C 39/C 39M - 03

Standard Test Method for

Compressive Strength of Cylindrical Concrete Specimens’

This standard 15 issued under the fixed designation C 39/C 39M: the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of lasi revision, A number in parentheses indicates the vear of last reapproval,
A superscript epsilon (€) indicates an editorial change since the last revision or reapproval.

This standard has been approved for wse by agencies of the Department of Definse.

1. Scope

1.1 This test method covers determination of compressive
strength of cylindrical concrete specimens such as molded
cylinders and drilled cores. It is limited to concrete having a
unit weight in excess of 50 Ib/ft’ [800 kg/m*].

1.2 The values stated in either inch-pound or SI units are to
be regarded separately as standard. The SI units are shown in
brackets. The values stated in each system may not be exact
equivalents; therefore, each system shall be used independently
of the other. Combining values from the two systems may
result in nonconformance with the standard.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its wse. It is the
responsibility of the user of this standard 1o establish appro-
priate safety and health practices and defermine the applica-
bility of regulatory limitations prior to use.

1.4 The text of this standard references notes which provide
explanatory material. These notes shall not be considered as
requirements of the standard.

2. Referenced Documenis

2.1 ASTM Standards:

C 31/C 31IM Practice for Making and Curing Concrete Test
Specimens in the Field?

C 42/C 42M Test Method for Obtaining and Testing Drilled
Cores and Sawed Beams of Concrete”

C 192/C 192M Practice for Making and Curing Concrete
Test Specimens in the Laboratory?

col7? J’ra-:tic-: for Capping Cylindrical Concrete Speci-
mens=

C 670 Practice for Preparing Precision and Bias Statements
for Test Methods for Construction Materials®

C 873 Test Method for Compressive Strength of Concrete
Cylinders Cast in Place in Cylindrical Molds®

" This test method is under the jurisdiction of ASTM Committee CO% on
Conerete and Conerete Aggregates and is the direct responsibility of Subcommittee
C09.61 on Testing Concrete for Strength.

Current edition approved July 10, 2003, Published October 2003, Originally
approved in 1921, Last previous edition approved in 2001 as C 3% 39M - 01,

2 Anmal Book of ASTM Standards, Vol 04.02.

\FA

C 1077 Practice for Laboratories Testing Concrete and Con-
crete Aggregates for Use in Construction and Criteria for
Laboratory Evaluation®

C 1231/C 1231M Practice for Use of Unbonded Caps in
Determination of Compressive Strength of Hardened Con-
crete Cylinders®

E 4 Practices for Force Verification of Testing Machines®

E 74 Practice for Calibration of Force-Measuring Instru-
ments for Verifying the Load Indication of Testing Ma-
chines?

Manual of Aggregate and Concrete Testing®

2.2 American Concrete Institute:

CP-16 Concrete Laboratory Testing Technician, Grade 1*

3. Summary of Test Method

3.1 This test method consists of applying a compressive
axial load to molded cylinders or cores at a rate which is within
a prescribed range until failure occurs. The compressive
strength of the specimen is calculated by dividing the maxi-
mum load attained during the test by the cross-sectional area of
the specimen.

4. Significance and Use

4.1 Care must be exercised in the interpretation of the
significance of compressive strength determinations by this test
method since strength is not a fundamental or intrinsic property
of concrete made from given materials. Values obtained will
depend on the size and shape of the specimen, batching, mixing
procedures, the methods of sampling, molding, and fabrication
and the age, temperature, and moisture conditions during
curing.

4.2 This test method is used to determine compressive
strength of cylindrical specimens prepared and cured in accor-
dance with Practices C 31/C 31M, C 192/C 192M, C 617, and
C 1231/C 1231M and Test Methods C 42/C 42M and C 873.

4.3 The results of this test method are used as a basis for
quality control of concrete proportioning, mixing, and placing

Y Al Book of ASTM Standards, Vol 03.01.
4 Available from American Concrete Institute, PO, Box 9094, Farmington Hills,
M1 48333-0004,
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operations; determination of complionee with specifications;
control for evaluating effectiveness of sdmistures; and similar
(A5 L

dd The individusl who tests concrete ovlinders for secep-
taiice lesting shall have demonstrated o Kinowledge and abality
te perform the test procedure equivalent o the minimum
gindehies Tor certhicanon of Concréle Laboratlory Techmcin,
Livel 16 in aeeordanee with ACT CP-16,

Mo 1Tl testing lnbsortory perfomming s test method should be
evilusied In necordance with Procilee © 1077,

£ Appoarnius

5.1 Textlme Mochine—The testing machine shall be ol a
type having sufliclent capacity and capable of providing the
rabes of loading preseribed in 7.5,

S.1.1 Verily calibration of the testing machines in accor
dinee with Frogticen B 4, exeept that the verilied loading range
shal be ns required in 5.3.2. Verifieation is required under ihe
fellowing concditions;

1,000 Afer an elapsed interval sinee the previous verifis
cation of 18 months maximum, bul prelerably aller an interval
of 12 months,

5102 Onariginal inspallation or eeloeation of the machine,

L1003 Immediately after moking repairs or adjustments
that afleet the operation of the Toree applying system of the
michineg or the vidues displuyed on the load indicating system,

excepl lor zero adjustiments thal compensate oe 1he imass of

bearing blocks or specimen, or boih, or

5104 Whenever there s reason o doubl the accuracy of

thee resulis, without regard (o the time interval sinee the last
verilicanon,

5.1.2 Desfgn—The design of the muching must include the
lollowing leatuires:

5120 The muchine must be power opersted and must
apply the lond continuously rather than intermitently, and
withint showk, 17 it hus only one loading raie (meeting the
requirements of 7.5), it must be provided with o supplemental
means for loading ot o rate suitable Tor verification, This
supplemental means of loading may be power of hand opers
ated,

5.1.2.2 The spoce provided for wesi specimens shall be lorge
enough o aceommodale, o redable position, an clasbic
calibration device which is of suflicient capacity 10 cover the
petential loading range of the testing machine and which
complies with the requirements ol Practice 1 74,

Mo 2 The iypes of elstic calibration devices most generadly avall-
hile il st Qoinenly ased Tor this prirpoase aee e oirguilar priw ing
g or oo cell,

5013 Advewracy—The accuracy of the testing machine shall
be in necordanee with the following provisions:

S0 The percentage of errw Tor the loads within the
proposed range of use of the estng machine shall not exceed
£ af the indiested lomd,

5.1.3.2 The necurncy of the testing machine shall be verified
by applying five tent loads o four approximately  equal
incremenis in nscending order. The difference between any two
sugceensive test loods shall nod exeecd ong third ol the diller-
ence Between the maximum and minimum test loads.

154

50,303 The test lood ax indicated by the testing machine and
the applicd lomd computed (rom the readings of the verifleation
device shall be recorded al caeh sl point, Caleulate the error,
E, und the percentage of error, K, for each point from ihese
data w [ollows;

Hmd =i i1}

.':'r, = A - fvil

whire:

A = load, IbF (kM| indicated by the mochine being verified,
al

f o= applicd load, IBE[KN] as determined by the ealibrating
device,

5.1.34 The report on the verifieation of o testing machine
shall stwte within what Busding range it was G (0 conlonm
e specification requirements mther than reporting o blanket
aeceptinee or rejection, In no euse shall the loading range be
slated as including loads below the value whieh is 100 nmes
the smallest chunge of load estimable on the losd-indicating
micchaniam of the esting machine of loads within that portion
of the range below 10 % of the maximum range capacity.

S35 In noocase shall the loading range be stated as
neluding londs outside the range of lomds applied during the
varificntion fesl,

5036 The imdicated lowd of o testing machine shall not be
corrected either by caleulation or by the use of o calibration
diogrom 1o obtain values within the regquired permissible
virlition.

5.2 The testing machine shall be equipped with two steel
Bearing Blovks with hardened Tees (Mote 3), one of which is o
spherically sented block that will bear on the upper surfice of
the speeimen, and the other o solid Block on which the
specimen shall rest. Bearing fhees of the blocks shall have o
miinimm dimension al least 3 % greater than the diameter of
the specimen to he fested. Fxcept for the concentric circles
deseribed below, the bearing [aces shall ol depart Trom o plane
by maore than 0001 in. (002 mm] in any & in. [150 mm] of
Blocks & in, [ 1530 mm] in dismeter or larger, or by more than
0000 in [0.02 mm] in the dinmeter of any smaller block: and
e Blocks shall be manulfnetired within one hali® of ths
tolerunce. When the diameter of the bearing fice of the
apherically seated block exceeds the dinimeter of the speciingi
by more than 0.5 in. [13 mm ], coneenirie cireles noi more than
(L i, [OLR imin ] deep and nol more than 0004 i, |1 i ] widle
shall b inseribed o faeilitate proper centering,

Mo b1 Iw dosirable tha the boaring feees of blocks wsed lor
coryipreasiog st livg of coneiete ive o Rookwell hasdiess of por less gy
A5 HRL,

520 Bottom bearing Blocks shall conform o the following
requirements:

52,11 The bouom bearing block is specified for the purs
e ol providing o readily machinable surfies Tor mainte-
nanee of the specified surface conditions (Note 4). The top and
battom surfnees shall be poarallel e coch other, 117 the testing
muchine is o designed thai the platen fiself s readily mains
e i the speeilicd surlpee comdition, o batlem Block s nol
required. Its leust horizontal dimension shill be ot least 3%



Al c 30rc 39m - 03

preater than the dimmeter of the specimen W be lesled,
Coneentrie eireles us deseribed in 5.2 are optional on the
Bottin Block,

Rivie o
hihiiie,

The hlogk may be Bisened o the plaen of the wsting

5212 Final centering must be made with reference 1o the
upper spherical Bock, When the lower boaring block is used to
assial an centenng the specimen, the center of the concentng
rings. when provided, or the cenler of the Block itsel i must be
direetly below the center of the spherical hend. Provision shall
iz macde o thie platen of the maching o assure such o position,

5.2.1.3 The botom bearing block shall be at least 1 in. |25
mim| thick when new, and o lewst 0.9 0n, [22,5 mm] thick after
uny resurficing operntions,

5.2.2 The spherically seated bearing blogk shall conform to
the folliwing requirements:

Sl The maximum divmeter of the bearing Tawe of the
suspended spherically seated block shall not exceed the values
given below;

Lhamalar of Mazimum Diamaler

Tant Bpocimans, ol Bearing Facs,
i [mm) i, [
2 (B0 4 [108]
1 [7H] & (100
A [109] 4.0 [108)
o [150] 10 [285]
i [200] 11 [ZRG]

Mie S—Sgunrg boaring Dees are permidsatble, provided the dinmeter
i the Drgost possible dnseribed olrole dis mot exgeed e ahove diimeer

5.2.2.2 The center of the sphere shall coineide with the
surface of the bearing fee within a lolernée of 25 % ol the
radiug of the sphere, The diameter of the sphere shall be at least
75 % al the diameter of the specimen Lo be lested,

.2.2.3 The ball and the socket shall be designed so that the
steel i the contael arca does nol permanently deform when
lomded to the capacity of the testing machine.

Mo BeThe preferred comuct aren bs i the Tom of o eing (deseribed
wh preterredd "hearing” area) as shasen on UVig, 1,

£.2.24 The curved surfuees of the socket and of the spheri-
cal portion shall be Kept elean and shall be lubncated with i
petroleum-type oil such as conventional motor oil, not with o
pressire type grense. Afler contacting the specimen and appli-
cation of small imtial load, Turiher tilting of the sphencally
seited block 15 not fintended and 15 undesirable,

.25 I the radius of the sphere is smaller than thee radiuk
of the largest specimen o be tested, the portion of the bearing
faee extending boyond the sphere shall have o thickness not
less than the difference between the mdius of the sphere and
ritlius of the specimen, The lewst dimension of the bearing fic
shall be ot lenst os grent os the diameter of the sphere (see Fig.
1 }I

5.2.2.6 The movable portion of the bearing block shall be
hald elosely in the spharical seat, Bt the design shall be such
that the bearing face con be rotated freely and tilted ot least 4°
in amy direetion,

L3 Load Indioarion:

.30 10 the load of a compression maching used in conerele
testing is registered on o dinl, the dinl shall be provided with o

\Ve
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TEST SPECIMEN

e e

Mierr—I'rivvinlbon shall be maode Bor bilding the ball in ihe socket and Tor
Tarlling tha entiee aid in the wsing mighing,
Fid. 1 8ehamatie Bketeh of a Typical Bpharical Baaring Block

graduated seale that is readable o ot Teast the nearest 0,0 % of
the Tl scile load (Mote 7 The dial shall be readable within
I af the indicated lowd ot any given lowd level within the
loading range. In no case shall the loading range of o dial be
considered to include lomds bolow the value that i 100 times
the smallest change of lond that con be rend on the seale, The
sl shall be provided with a graduation line equal to zero and
so numbered. The dial pointer shall be of suflicient length 1o
reaih the gradumtion marks; the width of the end of the psinter
shall not exeeed the clear distinee between the smallest
praduations, Faeh dial shall be equipped with a zero mljust-
ment locaied ouiside the dinlease ond cosily necessible from the
fromt ol the maching while observing the sero mark and dial
poinier. Fach dinl shall be equipped with o suitable deviee that
al all times, until resel, will mdicate o within 1 % aceuraey the
maximum load applied to the specimen.

M F—endubdiity s consldered o be 0,02 i, [008 mm] aleng ihe are
algsribadl by e ond of thip pebiter, Also, one hall of & seale imervil 1s
femlible will rensable certainly when e spacing o e Toad indicating
mgchanism s between .04 Do, [0 mm] and 006 b, |2 mm], When ibe
Apheing 1s bevweain 006 and 002 I, |2 and 3 i ). one ihivd of @ sale
imferval is readable with reasonnble ceninty, When the spacing s 0012
[ wwami | avr e, anne doarth el a sealy intgresl bs rosdable with repssalle

ey,

S32 10 the testing maochine load is indicated in digital Torm,
the numerical display must be large enough W be easily read,
The numerical increment must be equal to or less than 0,10 %
af the full seale lond of a given loading mnge. i noe case shall
the verified loading range include loads less than the minimum
numerical increment multiplied by 100, The accuracy of the
indicated loud must be within 1.0 % for any value displayed
within the verified londing range. Provision must be made for
adjusting o indicste true zero b zere lowd, There shall be
provided o maximum load indicator that ot all dmes untl reset
will indicste within | % system securpey the maximum lowd
npplied o the specimen.

S Provide g means for containing fragments in the event of
explosive rupture of the cylinder during testing.
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Mo B—Th wndeney for explosive miptire ngreases with ingrenalng
comerele steengih and 0 i e likely when the westing mochine is
reluiively Nexiile, Bolor i the soctlon anosalely procoutions in the Manual
of Ageregine and Conerete Testing  (gray  pigesd for recomimeidid
wppreaehes W conloin concrele rgments.

& Specimons

6] Spocimens shall not be tested (0 oy individual dinmeter
of o cylinder dilleérs from any other diameter of the same
eylinder by more than 2 %,

Mivii Be—This mny ceeur whin single use maolils are daminged or

defoiined dirdivg shipiwent, whiein Nesible siingle use molds aie deloimed
during molding, or when o eore deill deflecis or shitls during deilling.

e Prior to testing, neither end of fest specimens shall
depart from perpendicularity o the axis by more than 0.5°
{npproximately eyuivalent to 6,12 in, in 12 in, [T mm in 100
mm ). The ends of compression test speeimens thit are not
plang within 0,002 i, [(,050 mim] shall be sowed or ground (o
meet that toleranee, or copped in secordanee with either
Practice O 617 or, when permilted, Practice £ 123170 1231M,
The divmeter used for caleulating the cross-sectional oren of
the test specimen shall be determined w the nearest (.01 in,
[0.25 mm] by averaging two dinmeters moasured ot right
angles w0 ench other at abotit midheight of the specimen,

3 The number af individual evlinders measured Tor deter-
mindtion of avergge dismeter is not prohibited from being
feduced o one o cach en speciimneis of thice specimens per
doy., whichever is greater, if all eylinders are known o hove
Beent made ivom g single ot of feusable o atngle-use molds
which consistently produce specimens with average diameters
within o range of .02 in. |05 mm]. When the average
dimmeters do not Gl within the range of 6,02 in, [0.5 mm] or
when the eyhnders are not made Trom o single 1ot of molds,
eoch eyvlinder testod muost be memsured angd the value wsed in
caleulation of the unit compressive strength of thit specimen.
When the dinmeters are measured of the reduged egqueney, the
cross=sectional areas of all eylinders tested on that duy shall be
comiputed from the average of the diometers of the thiee o
more eylinders representing the group tesied that day.

frd The length shall be measured o ihe nearest 0.05 £ when
the length o diameter ratio is less than 1,8, of more than 2,2,
or when ihe volume of the eylinder |s determined from
mepsured dimensions,

T, Procedure

7.1 ['u!li'l'l|‘.li'd!llhh'.n teats of molstseured specimens ahiall he
mude s s 8 prachicable aller removal rom miiRD sl

7.2 Test specimens shall be kept moist by any convenient
imnethod during the pertod between remaovil [yem sl slorage
and testing, They shall be tested in the maoist condition,

7.3 All test specimens for o given test nge shall be broken
within the permizsible nime wlerances presefibed as follows:

Tasl Afja Prarmiggibie Toledanoe
24 h + 8 hor2l %
A fliiyg o hoar 30 %
f diys @b 38 %
28 dyy 20 hor 3.0 %
i diiyg g daya 3.3 %

\NA

1.4 Placing e Speeimen—Place the plinn (lewver) bearing
block, with its hardened fuee up, on the whle or platen of the
testing mochine directly under the sphencally sémed {(upper)
bearing block, Wipe ¢lean the bearing Taces of the upper and
lower bearing blocks and of the test specimen and place the test
specimen on the lower bearing Mock, Carefully align the axis
of the specimen with the center of thrust of the spherically
neated Bloek,

a0 Zero Ferifteation and Block Seating—Prior w testing
the specimen, verily that the load indicator 18 set W zers, In
coses where the indicator is not properly sei to 2ero, adjust the
ingicntor (Mote 100, As the apherically seated Block is brought
tir beor on the specimen, rotate its movable portion gently by
haiivd sar thint v o senting s oblained,

Mivin Ti—The wohmlgue wsed oo vorily and sdjust sl insdienir w

sero will vy depeiling oi the machine manulcniier. Consult voke
owner's manual or compression moching collbrator fuor the proper lech-
ki,

1A Rawe of Loading—Apply the load continuously and
wilhioul shawek,

A0 Vor testing mochines of the serew ivpe, the moving
Dewd shall wavel ot a rate of approximately 0,035 in, [T mm}/min
when the machine is running idle. For hydraulically operated
michinegs, the load shall be applied @ o e of movemei
{platen to erosshend measurement) corresponding to o londing
e on the spectiimen within the range of 20w 30 paifs [0.15 o
035 MPws], The designated rate of movement shall e
miintained ot lenst during the lotter hall of the anticipated
loming phase of the testing evele,

1.5.2 During the application of the first hall of the anticj.
patedd loading phaose a higher fate of loading shall be allowe,

.53 Make no adjustment in the rate of movemeni of the
platen @t any time while o specimen s yielding rapidly
immediately before fuilure,

1h Apply e load unil the specimen fails, aind recoid the
muximum load corried by the specimen during the test, Noke
the 1ype of fatlure and the appearanee of the conerete,

8. Calculation

B Caleulite the compressive stiength ol the specimen by
dividing the maximum load carried by the specimen during the
test by the avernge crossssectional oren determined s de-
seribod in Seetion 6 and express the result to the nearest 10 pyj
1.1 Bdia).

B2 1F the specimen length o diameter ratio is 175 or loss,
cormeet the result obialned in 8.1 by muliiplying by the
apprepriale correchion Taclor shiown in the fellonwing babile Moy
In:

Lo .75 1 B0 1.28 1.00
Fatiar 0, @i 0 0 (R 7R o.az7

Use Interpolation io determing correction factors for L3
vitluen between those given in the table,

Mony [ Comeetion Moo depend on varous conditions sidh s
ksl condition, strength level, and elastle medulus, Averge value o
glven bn the table, These cormegtion g apply io low=densily gongrgg
welphing between 100 and 120 1w 1600 gad 1920 T
normil-densiiy conereie. They are applicablo o conereie dry or suniked i
Uhe Himve o Josedingg and for nomingl conorete strenjnhs o 2000 10 600G
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el Do A2 ML For siengihs bigher tin BidH psl 42 M)
correclion ctor moy b lorger Uhan e values Hsted above’.

a well-mixed sample of conerete i given for ey hinders imade m

H I
\ | / 1 111
X| | 4
AIA LAV [
- . L

Gona Conm and Bplf  Cone and Bhmar Colurrnar
{m} [{54} Bhsar {d} {®}

Fit. 2 Shetches of Typen of Fracture

9. Report

9.1 Report the following information:

001 Lenmtification number,

9.1.2 IHameter (and length, if outside the range of 1.8 £ 0
22 D0 i inehes [millimetres],

Y13 Crossssectional area, in squore inches [sgquire millis
miwlres),

94 Maximum load, in pounds-toree [kilonewtons],

1.5 Compressive strength caleulated w the nearest 1 psi

[0.1 Mika],

016 Type of Teacture, i olher than the usual cone {(see Fig,
2

9.7 Dretects in either Hl\L"i."lll'lL"ll Or cips, i,

1.8 Ape of specimen,

1 Precision amd Biias

1.1 Precision
inelividual & By 12 a0, [ 150 by 300 mim| eyhinders made from

" Wi, F 6 and Maginegor, LG "Elleed of Core Lengihsio Hameier Babin
it Conwrete g Seevingth,” ACT Miterlals Jovirmal, Yol 90, Moo 4, Bily-Abigiisn,
195, pp. VIR,

Thie single operator precision of tosts of

a laberatory envicanment and under nofmal Deld conditions
(s 110

Coaficient of Accepiables Mangs of*
‘i |ation? 2 il A risiilg
Bingle dperalor
Laboratory conditione 23T % 88 % T.B %
Fimla eonditicn AT W .0 % i %

* Thiks Aumbeis ispiesen] espedlively Te (18] and (028) Nmils a8 des)iieg
in Prasctice C 870

MO The values given are applicable w6 by 123 0n, [ 1530 by
300 mm| eylinders with compressive strength between 2000
aned BOOD pai [15 o 55 MPa), They are derived from CCRL
concreie reference sample data for lnboratory conditions and o
collection ol 1265 tesl reporls rom 225 commergial lesting
luboratories in 1974."

Mo | 2—Rubeommitice CO%O03 will re-oxnmine recent CCRE Con-
et Kelerengy Sumple Progrim da wmd Dol wsr dits 1w sew 10 ihese
witlies e pepresentalive of cufrenl practice aid iy con Be exlended Lo
cowar o whider rmnge of sirengibs and specimen shees.

10,2 Bigy—5ince there is no secepted relerence materinl, no
slitement on Bias is being made,

P Rniperning it live boen Bled i ASTM Dineriationel oadigaimer and may
b wibsinined by reguesiing Research Wopor B D08 (W16,

ASTH Irlasnanona takes o sl feseeahng e valdily of &0y patent Aghie seseded i GORMRHY Wilh @ity e ienlinied
iry thim sfandied. Uners of e standerd are asprossly sdvised het deferminabion of the validily of any suoh pafent ophie. and e nsk

of infringmmant of such righis, sre snfirely thasr own reeponEEBNG:
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Designation: C 78 - 02

Standard Test Method for

Flexural Strength of Concrete (Using Simple Beam with

Third-Point Loading)'

This standard 15 issued under the fixed designation € 78; the number immediately following the designation indicates the vear of original
adoption or, in the case of revision, the year of last pevision. A number in parentheses indicates the year of last reapproval. A superscript
epsilon (g) indicates an editorial change since the last revision or reapproval.

This standard has beer approved for use by agencies of the Department of Defense,

1. Scope

1.1 This test method covers the determination of the flexural
strength of concrete by the use of a simple beam with
third-point loading.

1.2 The values stated in inch-pound units are to be regarded
as the standard. The SI equivalent of inch-pound units has been
rounded where necessary for practical application.

1.3 This standard does not purport to address all of the
safety concerns, if any. associated with irs use. It is the
responsibility of the user of this standard 1o establish appro-
priate safety and health practices and determine the applica-
bility of regufatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

C 31 Practice for Making and Curing Concrete Test Speci-
mens in the Field?

C 42 Test Method for Obtaining and Testing Drilled Cores
and Sawed Beams of Concrete”

C 192 Practice for Making and Curing Concrete Test Speci-
mens in the Laboratory®

C 617 2]"raa.:ti«:u: for Capping Cylindrical Concrete Speci-
mens

C 1077 Practice for Laboratories Testing Concrete and Con-
crete Aggregates for Use in Construction and Criteria for
Laboratory Evaluation®

E 4 Practices for Force Verification of Testing Machines®

3. Significance and Use

3.1 This test method is used to determine the flexural
strength of specimens prepared and cured in accordance with
Test Methods C 42 or Practices C 31 or C 192, Results are
calculated and reported as the modulus of rupture. The strength
determined will vary where there are differences in specimen
size, preparation, moisture condition, curing, or where the

" This test method is under the jurisdiction of ASTM Committee C09 on
Conecrete and Concrete Aggregatesand is the direct responsibility of Subcommittee
Cr.61 on Testing for Strength.

Current edition approved Jan. 10, 2002. Published March 2002. Originally
published as C 78 — 30T, Last previous edition C 78 — 00,

* Annual Book of ASTM Standards, Vol 0402,

* Ammal Baok of ASTM Standards, Vol 03.01.
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beam has been molded or sawed to size.

3.2 The results of this test method may be used to determine
compliance with specifications or as a basis for proportioning,
mixing and placement operations. It is used in testing concrete
for the construction of slabs and pavements (Note 1).

4, Apparatus

4.1 The testing machine shall conform to the requirements
of the sections on Basis of Verification, Corrections, and Time
Interval Between Verifications of Practices E 4. Hand operated
testing machines having pumps that do not provide a continu-
ous loading in one stroke are not permitted. Motorized pumps
or hand operated positive displacement pumps having suffi-
cient volume in one continuous stroke to complete a test
withoul requiring replenishment are permitted and shall be
capable of applying loads at a uniform rate without shock or
interruption.

4.2 Loading Apparatus—The third point loading method
shall be used in making flexure tests of concrete employing
bearing blocks which will ensure that forces applied to the
beam will be perpendicular to the face of the specimen and
applied without eccentricity. A diagram of an apparatus. that
accomplishes this purpose is shown in Fig. 1.

4.2,1 All apparatus for making flexure tests of concrete shall
be capable of maintaining the specified span length and
distances between load-applying blocks and support bllocks
constant within =0.05 in. (£1.3 mm).

4.2.2 The ratio of the horizontal distance between the point
of application of the load and the point of application of the
nearest reaction to the depth of the beam shall be 1.0 = 0.03.

4.2.3 If an apparatus similar to that illustrated in Fig. | is
used: the load-applying and support blocks should not be more
than 24 in. (64 mm) high, measured from the center or the axis
of pivot, and should extend entirely across or beyond the full
width of the specimen. Each case-hardened bearing surface in
contact with the specimen shall not depart from a plane by
more than 0.002 in. (0.05 mm) and shall be a portion of a
cylinder, the axis of which is coincidental with either the axis
of the rod or center of the ball, whichever the block is pivoted
upon. The angle subtended by the curved surface of each block
should be at least 45° (0.79 rad). The load-applying and
support blocks shall be maintained in a vertical position and in
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This appirianis miy b osed nvered, 10 e westing machine applics foroe thiough a spherloally seaned head, the center plvol may e amingd,

FId. 1 Diagrammatic View of & Sultibla Apparatis for Flaxure Test of Conarate by Third-Point Loading Mathod

contiact with the rod or ball by means of spring-loaded screws
that hold them in contaet with the pivet rod or ball, The
uppermost bearing plate and center point ball In Fig. 1 may be
omitied when o spherieally seated bearing block is used,
provided one rod and one ball ore used s pivots Tor the upper
load-applying hlocks,

£ Tesiing

5.0 The test specimen shall conform to all requirements of
Test Method C 42 or Practiees € 31 or O 192 applicable o
beam and prism specimens and shall have o test span within
2% of belng three umes its depth ns tested, The sides of the
specimen shall b at right angles with the top and bottom, All
surfinces shull be smooth and free of sears, indentations, holes,
or inseribed identification marks,

5.2 The technieinn I“‘-'r“"'“"""ﬂ the Nexural strength es
should be certified as an ACT Technician—Orde 11 or by an
cquivalent wiitten and performance st program.

Mo I—The Wailng Inkormiary perlorming this sl methisd may be
evpiluited 1 ievoidines with Fracties C 1077,

6, Mrocedure

i Flesural tesis of moist-cured HpRRImens shall e maade s
soon as praciical after removal from moist storage. Surfce
|,|r_!pillH. ol the specimen results in g reduction in e measured
flexural strength.

s When 'l.lN'lr\H molded specimens, lurm e tesl speeimen
on s side with respect 1o its position as molded and cenier it
o e support Bloeks, When using sawed H|1l."l.=illl¢T1H. pramilion
ihe specimen so that the tension fuce corresponds 1o the top or
Bottom of the spocimen as cutl from the el material, Center
the loading system in relation to the applied foree. Bring the
load-applying Blocks in contaet with the aurlace of the speci-
meft it the third points and apply u load of between 3 and & %
of the estimated yltimate load, Using 0,004 in, (0,10 mim) ad
0015 in (038 mm) leal=type fecler gages, determine wheiher

\ V¥

any gap between the specimen and the load-applying or
support Blocks is greater or less than eaeh of the gages over g
length of 1 in. (25 mim) or more. Grind, cap, or use leathey
shimy on the specimen contaet surfaee o eliminate any gap in
exeess of 0.004 in. (0. 10 mm) in widih. Leather shima shiall be
of uniform Yo in, (6.4 mm) thickness, 1 to 2 in, (25 10 50 mm)
widih, and shall extend neross the Tull widih of the specimen,
Claps in exeess of 0,015 in, (0,38 mm) shall be eliminated only
by capping or grinding. Grinding of lateral surfoces should be
minimized msmuch o prinding may change the physical
chirieteristies of the specimens. Capping shall Be i Gecor
dunee with the applicable sections of Pragtice C 617,

6.3 Load ihe specimen continuously and without shock. The
loaed shall b applicd at o constant fale 1o the breaking puing,
Apply the lond at o rate thit constantly increases the extreme
liber wirens between 125 and 173 psi/min (086 o 1.2
MP&/ming uniil rupture ocours, The loading rate is caleulategd
using the lallowing equation;

P o= Skl in

wherg:

£ lopding eate, [b/min (MN/min),

S = mle of inereose in exbreme liber atress, peianim {MPay
iming,

b= average widih of ihe specimen, in. {mm).

d = avernge depth of the specimen, in. (mm) and

L= wpan lengih, in {mm).

7. Megnurement of Specimens Afier Tost

71 To deiermine the dimensions of the specimen crogg
seelion [oF use in caleulating modulus of rupiure, ke mey.
surements geross one of the fractured Taees after testing, Fop
coeh dimension, ke one measurement al cach edge and ong 4
the center of the cross section. Use the three mensurements for
cueh dhivection w determine the average width gnd the average
depth, Take all measurements o the nearest 0.0% in. (1 mm). |
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the fracture occurs ol a eapped section, include the cap
thickness in the measurement.

8. Calenlation
B the Trncture tniites 1o the ension surlfoce swithin the

middle third of the span length, caleulate the modulus of

rupture as follows:
# o= pLibd iy

where!

= modulus of rapiure, psi, or MPa,

o= moximum applied lond indicoed by the westing mas
ching, Ihi, or M,

L= s length, ing or mm,

b= avernge width of specimen, in, of mm, al the iaclure,
und

i = overage depth of specimen, in. or mm, of the fracture.

Mom 2

caleulntion,

The welght of e b s omo Gneluded e aloye

200 ihe fractire oocurs i the ension surllice owslde of

the middle third of the span length by not maore than 5 % of the
span length, enleulnie the modulus of rupture s follows:

B o= b’ ih

where:

a = avernge distance between line ol fracture and the
nearest support measured on the tension surfaee of the
Benin, 1., (oF imm).

Riig 3
cileulntion,

The walght of the hoam s nim dngluded In the ahiove

2.3 01 the frocture oceurs in the tension surfpee outside of

the middle third of the span length by maore than 5 % ol the
spun length, discard ihe resulis of the test,

9, Report

.1 Report the following imiormation:
900 ldentification number,

91,2 Average width w the nearest 005 i, {1 man),

91,3 Average depth e the nearest 003 i, (1 mm},

91,4 Span length in inehes (or millimeters),

9,05 Maximum applied load in pound-Toree (of newions),

9,16 Modulus ol ruplure caléulated 1o the nearest § pai
(0,05 Mi'a),

9.1.7 Curing history and apparent moisture condition of the
speeimens ol the tme of 1esl,

1R I specimens were eapped, ground, or if leather shims
waere used,

919 Whether sowed oF molded and defects in ﬁl'!l!.“i.‘IH'!'II.'HH1
andl

G100 Age of spesimaens,

1. Precision and Bias

1,1 Prveision—The coeilicient of varaton of test resulis
his bieen observed to be dependent on the strength level of the
Beanin, The single opertor coellicient of variphion has been
found to he 5.7 %, Therefore, results of two properly cons
ducted tesls by the same operalor on beams made lrom the
siume buteh sample should not differ from eoch other by more
than 16 %, The mululaboratory eoeilivient of variation has
been found to be 7.0 %, Therefore, resulis of two different
laboratores on beams made from the same bieh sample
should not differ from ench other by more than 19 %,

10,2 fis—5inee there is no socepted standard for deiers
g bias i his tesl method, no slalement on Bias s made,

1. Keywords

111 beams; concrete; Nexural strength testing: modulus of
rupiure
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Engineered Cementitious Composite

No Specimen Date of casting

Properties of Specimens

Type Cube Cylinder Beam

Number

Dimensions(cm)

Volume(em?®)
Weight(gr)
Propertiesof Materials

Cement
Type: 1 Density: 3.16 (gr/cm®)
Considerations: sieved by #50

Fly ash
Type: ClassC Density: 2.15(gr/cm?)
Considerations: sieved by #100

Aggregate

Type: Silicasand Density: 2.75(gr/cm?)

Considerations: Fine aggregate (0-300um)

Super plasticizer

Type: M63 Density: 1.2(gr/cm’)

Considerations: An agueous solution (33.3 %wt)

Polymeric Materials

Type: Density:

Considerations:

ECC Date Sheet
\Y#




Engineered Cementitious Composite

Fiber properties

Type

Length

Diameter | Density

Modulus Elongation | Tenacity

REC-15

8 mm

39 um 1.3 gr/cm®

42.8 Gpa 6.0% 1620 Mpa

Considerations: The surfaces of fibers have been coated with 1.2% wt of oiling agent
(parformaldehyde). First an aqueous solution (by 1 liter water) of oiling agent has been
prepared and then fibers have been presoaked for 30 minutes.

Mix properties

Cement Sand Flyash | Water Super Fiber Vol (%)
plasticizer
Total Volume Practical Factor Practical Volume
Cement Sand Flyash | Water Super Fiber Vol (%)
plasticizer
Curing

Type

Temperature of Water

Date of Starting

Date of Ending

Considerations:

Mixing Procedure

ECC Date Sheet
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clf;

clear;

%% Definitions%%%%%

B = 100;%% Width of Beam

B = input(‘'enter B(Width od Beam) : ");

H = 100;%% High of Beam
H = input(‘'enter H(High of Beam : ");

L = 300;%% L ength of two Support
L = input(‘enter L(Length of two Support : );

LL = 100;%% L ength of two Force
LL =input('enter LL(Length of two Force: );

E1 = 6750;%% Modulus of Elasticity at Frist
E1 = input('enter EL(Modulus of Elasticity at Frist: ");

SS = 2.5;%% Frist Crack Stress
SS = input(‘enter S1(Frist Crack Stress: ");

Puc = 100;
Puc = input(‘enter P uncracked : ");

hold on;
plot(0:0.00099:0.03,Ase(0:0.00099:0.03,1),".-");
%69%6%0%%6%6%6%0%%6%6%0%%6%6%6%0%%6%0%
%%%%%UN CRA CK ED%%%6%0%%6%6%0%%%6%%
11=(B* (H"3))/12
Dunc = (Puc* ((L-LL)"3))/(48 * E1 * |1)+(Puc* (LL"3)*(L-
LL))/(32*E1*11)+(Puc* LL* ((L-LL)"2))/(16*E1*11)
%0%%0%%0%6%0%6%6%6%6%0%%6%6%0%%6% %%
%6%6%%%Cracked%6%6%0%6%6%6%%%6%6%%%%6%

YAY



i=0;
while(1)
i =i+l
P(i) = input('enter P ");
if(P(1)==0)
break;
end
D(i) = input('enter D : ");

ans1=0;
ans2=0;
ans3=0;

for X=H/2:-0.5:0.5
for EC=1/1000:5/10000:1/100
for E2=20000:-100:100
DD = ((P(i)* ((L-LL)"3)/E2/B/8/X/X/X)+(3* P(i)* (L-LL)*(L-
LL)/8/E2/B/XIX/X)+(3*P(i)*LL*LL*(L-LL)/8/E2/B/X/X/X));
if((abs(D(i)-DD)/D(i))<0.11);
ansl=1,
else
ansl1=0;
‘1171
K1 = (abs(D(i)-DD))/D(i)
continue;
end
Al=@(m)m.* Ase(m,1);
A2=@(m)Ase(m,1);
A3=@(m)ym.* Ase(m,X/EC);
Ad=@(m)Ase(m,X/EC);
EE=SS/E],;
ET=EC*(H-X)/X;
%plot(0:0.01:X,A2(0:0.01:X),'x");
C=quad(A2,0,EC)*B*X/EC;
YAA



T=((SS*EE/2)+((ET-EE)* SS)+(E2/2* ((ET-EE)"2)))* B* (H-X)/ET;

if(((abs(C-T))/T)<0.07)

ans2=1,

else

ans2=0;

'222'

K2 = (abs(C-T))/T
continue;

end

Z1=quad(A3,0,X)/quad(A4,0,X);

Z2=((SS*EE*EE/3)+(SS* (ET-EE)* (ET+EE)/2)+(E2* (ET-EE)* (ET-
EE)/2* (2* ET/3+EE/3)))/((SS* EE/2)+((ET-EE)* SS)+(E2/2* (ET-EE)* (ET-EE)))* (H-
X)/ET;

M=P(i)*(L-LL)/4;

MM=T*(Z1+Z2)/10;

if(((abs(M-MM))/M)<0.07)

ans3=1,
else
ans3=0;
‘333
K3 = (abs(M-MM))/M

continue;

end

if((ansl==1)& & (ans2==1)& & (ans3==1))
Xres(i)=X;
ECres(i)=EC;
E2res(i)=E2;
ETres(i)=ET;
Cres(i)=C;
Tres(i)=T;
break;

end
YAQ



end
if((ansl==1)& & (ans2==1)& & (ans3==1))
break;
end
end
if((ansl==1)& & (ans2==1)& & (ans3==1))
break;
end
end

if((ansl==1)& & (ans2==1)& & (ans3==1))
close dl;
clf;

subplot(1,4,1)

I=ling([0 0],[X-H X]);
I=ling([-ET 0],[X-H X-H]);
I=ling([-ET EC],[X-H X]);
I=lineg([0 EC],[X X]);

text(0,X,\leftarrow ',...

'Horizontal Alignment','left’,'V ertical Alignment','bottom’)
text(0,X-H,\rightarrow ',...

'Horizontal Alignment','right’,'V ertical Alignment','top’)
text(EC, X, \rightarrow',...

'Horizontal Alignment','right’,'V ertical Alignment','bottom”)
text(-ET,X-H," \leftarrow’,...

'Horizontal Alignment','left’,'V ertical Alignment','top’)

text(EC/2,X,'EC',...
‘Vertical Alignment','bottom’)
text(-ET/2,(X-H),'Et',...
‘Vertical Alignment','top’)
V-



text(0,X,\uparrow ,...

'Horizontal Alignment','right’,'V ertical Alignment','top’)
text(0,0,\downarrow ',...

'Horizontal Alignment','right','V ertical Alignment','bottom”)
text(0,0," \uparrow,...

'Horizontal Alignment','left','V ertical Alignment','top’)
text(0,X-H," \downarrow',...

'Horizontal Alignment','left’,'V ertical Alignment','bottom’)

text(0,X/2,'x ',...
'Horizontal Alignment’,'right’)
text(0,(X-H)/2," h-x",...
'Horizontal Alignment','l eft")

xlabel('(a)','Fontname', Times','Fontsize',10)
set(l,'MarkerSize',4)
set(gca, Fontname', Times,'Fontsize', 10)

subplot(1,4,2)

|=plot(Ase(0:0.1:X,X/EC),0:0.1:X);

I=line([0 -SS],[0 -(SS/EL)* (H-X)/ET],'color', ')

I=line([-SS -(SS+E2* (ET-(SI/EL)))].[-(SSEL)* (H-X)/ET ~(ET)* (H-
X)/ET],'color','k")

I=line([0 0],[X-H X])

I=line([0 Ase(X X/EC)],[X X],'LineStyle!-.")

|=line([0 -(SS+E2* (ET-(SS/E1)))],[X-H X-H],'LineStyl€,-.")

text(0,X,\uparrow ',...

'Horizontal Alignment','right’,'V ertical Alignment','top")
text(0,0,\downarrow ',...

'Horizontal Alignment','right’,"V ertical Alignment','bottom’)

text(0,0," \uparrow',...
1)



'Horizontal Alignment','left’,'V ertical Alignment','top’)
text(0,X-H," \downarrow',...

'Horizontal Alignment','left’,'V ertical Alignment','bottom’)

text(0,X/2,'x ',...
'Horizontal Alignment','right")
text(0,(X-H)/2," h-x",...
'Horizontal Alignment','l eft’)

text(Ase(X/2,X/EC)/2,X/2,['C ="' num2str(C)],'color','r")
text(-Ase(X/2,X/EC)/2,(X-H)/(3/2),[' T = ' num2str(T)],'color’,'r")

xlabel('(b)','Fontname', Times','Fontsi ze',10)
set(l,'MarkerSize' ,4)
set(gea, Fontname',' Times','Fontsize',10)

subplot(1,4,3)

|=plot(0:0.00099:.03,Ase(0:0.00099:.03,1));

I=ling(EC EC],[0 Ase(EC,1)],'LineStyl€’,-.")

text(EC,Ase(EC,1),[\leftarrow Ec ="' num2str(EC)],...
'Horizontal Alignment','l eft’)

grid on;

xlabel('(c)','Fontname’, Times','Fontsize',10)

set(l,'MarkerSize',4)

set(gca, Fontname', Times,'Fontsize', 10)

subplot(1,4,4)

I=ling([0 SS/E1],[0 SS],'color’,'r")
I=line([SYE1 ET*1.1],[SSET*E2*1.1])
I=ling([ET ET],[0 ET*E2],'LineStyl€,-.")
text(SYEL,SS,[\leftarrow E2 =" int2str(E2)],...

'Horizontal Alignment','l eft’)
Vay



text(ET,ET*E2,['Et =" num2str(ET) ' \rightarrow,...
'Horizontal Alignment','right”)

grid on;
xlabel(‘'gholi’,'Fontname’, Times','Fontsize',10)
set(l,'MarkerSize' ,4)

set(gca,'Fontname', Times,'Fontsi ze',10)

set(gcf,'PaperPosition’,[0,0,4.5,1.5])
print -dpng plot4.png
end

end

hold off;

ASE Function:

functiony = f(x,2)
E=z*[0 0.00125 0.0025 0.00375 0.005 0.00625 0.0075 0.00875 0.01 0.01125 0.0125
0.0137 0.015 0.01625 0.0175 0.01875 0.02 0.0215];
S=[012.7 25.4 34.29 48.26 58.42 68.58 68.58 64.77 60.96 53.34 48.26 45.72 43.18
40.64 38.1 34.29(];
Ase=[E;S];
%for i = L:length(Ase(1,:))-1
% if(x.>=Ase(1,i))& & (X.<Ase(1,i+1))
for j = L:length(x)
y()=0;
i()=find(x(j)>=Ase(1,3),1, 'last’);
if(i<length(Ase(1,)))

\4Y



Y()=((Ase(2,i(1))-Ase(2,i (1) +1))/(Ase(L,i(}))-
Ase(Li(1)+1)))*x()+((Ase(2i(())* Ase(Li())+1)-
Ase(2,i(1)+1)* Ase(L,i(j)))(Ase(1,i(j)+1)-Ase(1,i()))));
end
end
% end

%end
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Abstract:

Engineered Cementitious Composite (ECC) is a special class of Fibre Reinforced
Cementitious Composite (FRCC) which undergoes strain-hardening, multiple cracking
and tensile strain capacity. Material engineering of ECC consists of the relationships
between material microstructures, processing, material properties, and performance.
And micromechanics provide a rational link between mechanical performance and
material properties. Micromechanical parameters associated with fibre, matrix and
interface are combined to satisfy a pair of criteria, including the first crack stress
criterion and steady state cracking criterion. The satisfaction of these criteriaresultsin a
high performance fibre reinforced engineered cementitious composite with strain-

hardening behaviour.

While significant advantages have been achieved in the developed countries concrete
industry, very limited studies have been carried out on the behaviour of ECC in Iran.
The aim of this study is to develop an Engineered Cementitious Composite using local
available materials. This thesis discusses in concepts of strain-hardening, multiple
cracking, and steady state cracked region. Next, the result of experimental programme
designed to evaluate the properties of Shahrood-ECC.

Finally, through the offered method, tension behavior of ECC is modeled and
micromechanics Parameters are cal cul ated.

Key Words: Engineered CementitiousComposites, Strain Hardening, Micromechanic,
Multiple Crcaking
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