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ABSTRACT

"FIBER REINFORCED CONCRETE" IS CONCRETE MADE OF HYDRAULIC CEMENTS
CONTAINING FINE OR FINE AND COARSE AGGREGATE AND DISCONTINUOUS DISCRETE
FIBER,THAT THE PROPERTIES ARE BETTER THAN NORMAL CONCRETE. "FRC"IS APPLIED
TO USE IN MANY TYPES OF CONSTRUCTION WORK IN FOREIGN COUNTRY. FOR IN-
STANCE TUNNEL WALL, AIRFIELD PAVEMENT, HIGHRISE BUILDING ETC. IN THIS
SPECIAL PROJECT, WE STUDY ABOUT AN APPROPRIATE VOLUME FRACTION OF STEEL
FIBER IN "FRC" AND THEIR COMPRESSIVE STRENGTH, TENSILE STRENGTH, FLEXURAL
STRENGTH, TOUGHNESS AT THAT VOLUME FRACTION. THE STUDY SHOWS THAT AN
APPROPRIATE VOLUME FRACTION IS 1.4%-1.5%. IT CLOSES TO THE CRITICAL VOLUME
FRACTION THAT CAN CALCULATE FROM THEORY. THE COST OF FRC IS 8-11 TIMES

THAT OF NORMAL CONCRETE.
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01a8a79 184 splitting tensile strength wia Modulus of rupture ]
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Typical fibre propertics

Diameter Length Densily Youns’s Modulus Poisson’s Tensile °Elongation Typical.Volum
Fibre um mm Kg/m?10° GN/m Rstio Strength MN/m?  atbreak % in composite B~
Chrysotile (white) 0.02-30 <40 2,55 164 0.3 200-:800 2-3 10 N
Ashestos {fibre bundles)
+ Crocidolite (blue) 0.1-20 - 3.37 196 - 3,500 2--3 - 7
Type | (High ¢
modulus) 8 1.90 380 1,800 ~0.5 '
Carbon 10-continuous 0.3% -12
Type 2 {iligh
strength) 9 1.90 230 2,600 ~1.0
Cellulose 1.2 10 300-500 [ 10--20
E 8-10 2.54 k¥ 0.28 1,500 4.8
Glass Cem-Fil filament 12.5 10-50 L] 0.22 2,500 3.6 2-8
204 filament strand 110 x 650 2.7 70 - 1,250 -
PRD 49 10 1.45 133 0.32 2.900 2.1
Kevlar 6-65 <2
PRD 29 12 1.44 69 - 2,900 4.0
Nylon (Type 242) >4 5-50 1.14 Rate dependent  0.40 750-900 3.5 0.1-6
up to 4-
Monofilament 100--200 5--50 0.9 Rate dependent - 400 18 0.1-6
upto s
Polypropylenc 0,29~
Fibrillated 500-4000 20-75 0.9 up to 8 0.46 400 8 0.2-1.2
Iligh tensile 100--600 200 700-2000 3.5 <
Stecd 10-60 7.86 0.28 0.5-2
Stainless 10-330 160 2,100 3
‘"Note: one per cent elongation = 10,000 x 107 strain -

wa {
R348 2.1 uﬁa«qmﬁuuanaoWﬂ&uaw
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Percent passing for maximum size of

Standard

US. size 3/8" /2" 3/4" 1" 1%
sieve "(mm) (10 mm) (I3mm) (19 mm) (25 mm) (38 mm)
2 51 100 100 100 100 T 100
'Y, 38 100 100 100 100 85-100
1 . 25 100 100 100 94-1000 6585 =
¥ 19 100 100 94-100 76-82. - 5817
Y 13 100 93-100  70-88 65-76 50-68
% 10 96-100  85-96 6173 _. _56—66.._ 46-58
#4 5 72-34 58-78 48-56 4553 38-50
# 8 2.4 46-57 41-53 40-47 36-44 29-43
# 16 1.1 3444 3242 32-40 2938 21-34
# 30 0.6 . 22-33 19-30 20-32 19-28 13-27
# 50 0.3 10-18 8-15 10-20 8-20 7-19
# 100 0.15 2-7 1-5 3-9 28 - 2-8°
“# 200 0.08 0-2 02 0-2 0—2 02

Note: Aggregates should be well graded from the largest to the smallest size.
Aggregate should not vary from near the maximum allowable percent passing one ,
sieve to near the minimum allowable percent passing the next sieve size.
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E = Tuaﬁdiauéu F o=  u1dnTEin

- 1] “u‘ 1] () 3 J 4 -
Ha3aralulfnanavattwandaanyn (suffix)

{

f xﬁunaq1wtuaf c = lﬁﬂﬂﬂiﬁﬂ?ﬂﬁu (composite)

a {
tﬂunaQtua7nﬁ

o ou¥ 4w .
dunAgwITwEIMIIRRTa s THEN A = 1

Y 1 a { aQ o vy -
Lu1wsazuun1U1uﬂm1uLua1LﬁuU1u1n1, 123 aﬂuﬂnuﬁaqLﬂuaa11daunanw1uﬁu1a 1

€c-€ -€ag-bc =6 = 6u (3.1)
Ec Ef Em
F=0A_ =08A +3A,

' v 4 oo du¥ 4 '
AMRINLANLIARE (6=) nTuTaad1THIUNNWUN 1 98 (Ac = 1)

4 1 -~ v 1 -
naﬁﬂ1ﬁutﬂ?ﬂﬂ1ﬁ 1 AaULARNITTIY inNnd
b, = Bd,A, , &.(1-4)

LATUNIS L NATuTag L Fulouae L TseanlfA1daTIdmUINRT(Volune

. ¥4 .0 -
Fraction) unuuun asuuTunianuIaaIIngn?

V_=A_ =1uas V, =4, (3.2)
3. =8V, +3,_(1-V,)

do= b, v1-v,

bu  &m
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IMAUNT (3.1) 5£ = Ef = ¥ AaAdATdmTugdd (Hodular ‘ratio)

én Em
dc =1+ VE(H-1) (3.3)
Sn
. bn=_ ¢ (3.4)
1+ V,(H-1)
&dc =Ec =1+ V,(Ef-1
5n Em En
L= EV, + E_(1-V)) (3.5)

w {(d_ v I's 1 v o EY)
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ar o a -3 B
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(1) dm’s’uimuétﬁm?u‘lauﬁu (Glass-reinforced cement)
V. =0.05 E, =70 GN/m E_= 17 GN/n

*

BN d¢ =3¢

1 + 0.05¢4.12-1) 1.186
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Orientation Efficiency factor )
Continuous
fibres Short fibres
Aligned 1 i ,
8 0 <2
C
e )
| — i =21
Random 2-D 91 N
807" (< ylc)
C
I ,
(1= ) s
Random 3-D 4 gl ( 101, )
1004,
st \ 10/,
1-== ( > ——)
$ ( 7/ 7
!

r
where I,/ = (2 -

{ -
7¢ = static interfacial bond force.
74 = sliding frictional bond force.

(F) ln

Footnote: In a personal communication, Laws has smtcd that \vhcn
| < I¢ a higher factor, g« (rg/7s5) * (l/lc), whereg= L tor2-Dorpg=
for 3-D fibres, can in theory apply in some cases if thc requisite hu,h
strain ratio can be achieved.
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3.3 quduﬁinae FRC (ﬁ1§5ﬁqu1a11unu1a1wd)3L§vuﬁutdéa

UNBRENA1IN Y Qmﬁuﬁanaq FRC wdu1uﬁ#u1135aqu1a11unuwa1nd 14481
wiunaatun ﬂﬁanaq1wtuaétﬁu%ﬂawu&wnﬁnus1qn 5 twWiuaiTtans 30-150 ke/m3,
1utua§1aﬁﬁlﬁ1wsﬁ 0.6 - 4.8 kg/m° ﬁ1wua1vza41WLua§ 0.5"-2.5"(12-64 mm)
ﬂmﬁuﬁﬁnaq cement composite qsu113LUaétﬁuénaq1wtuaéﬂuu§u1m§quas1unwe
qnaﬁun71u1§tnaﬁaﬁtﬁﬁ (fu shortcrete

51aqéussnauﬁ1§n1uquqmnﬁwuaqaaun?naa (WauLATITm M1FduuanAa
AN TANI9 MR nasUTumanag acéﬂsxﬂauﬁvau#ﬁﬁuw1n§a1ﬁlﬁu uﬁaa&wnﬁn
qmngﬁaaun?a qmngﬁawnﬁﬁﬂaw A21MA1 70U THILARIN1TAIA9IN standard
slump cone test,inverted slump cone test,v-b test

mTy FRC ﬁ matrix uﬁquwn 2% standard slump cone test CTAT
AWNT0ENN T etaTaLas  #9tiu 1171 inverted slump come test LAz
v-b test Teluu1rdNNINNIY  UARATARIuWANT(Matiu wamae standard slump
cone test 3A¥EWITANARBUIAANIN

Tnaﬁa1ﬂn11xﬁu1wtua§ qsﬁwﬂﬁﬁvuwduuiqﬁu water-reducing admix-
ture AwENTATIELANAIWHINT0TUAN TN WA workability THREu

SFRC (steel fiber reinforced concrete) NA2MMABINATUTHM air-
entraining admixture &9 tﬁaﬁan1uﬂw1u71jaﬂn1ﬁ

3.3.1 N1TNARAUA2INAINITATUAITHII TR

AMEIMTATEN TR aE L Tuiaen 11U TN THae
1uﬁ UAZNITANUAY Taa&wasgn ﬁm@nw11uﬂ?u1mﬁaaﬁqa1ué1uudu Lw1wsn111§u§1
(HANANL AW AL ANUARANATUENET  (segregation and bleeding) uasdvdewananau
n?augq611uﬁ 1uu$ﬂ11ununﬁuua=91wuu§q (durability-strength)
In1TnadauRaznaea s THUTEN A WEIN TN TR 9

uasnﬁ1a1uquu?u1m&w 1§naﬁau1ﬁﬁq SFRC, PFRC Taaﬁiwﬁnxuaétﬁuﬁnaa SFRC

Muids 2 % UASPFRC Mdifiu 0.5 #
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3.3.1.1 Slump cone test (ASTM C143)
¢ acxad, v .
tuarnlEnagaua 11 TaR 1T TUn 1 TR IUNIN
4 - . -: Jd v - "
nga unan2tuEaTINalY Tineday FRC N8 slump tuinu 2" (Scm)
1
3.3.1.2 Inverted slump cone test
8 . 4 a
n1TnAdaLY gnwauwlua FRC Taaitawie amu1ay ASTM
“l’ v I .U 4 C. ) -
C945 AVTNARDNY 17173771874 (second) ¥11EEIaTugI9NAAUN TR NG (W)
3101 cone slump HNIRTIU TUNANTIATIEIN WA MU BAuATIY
n1TNAFAULTN L MNAEAUAAUA TANNA slump tiiu 4"
< a . : o -~ <
(10 cm) nvatnaﬂﬁﬂnﬁ11§ water-reducing admixture LWTILAAUATAILUWILTIUN
L2
AelunTd AaunTRIMadaslinnTnRaee 1.1
3.3.2 SFRC (Steel Fiber Reinforced-Concrete)
I's daga o 3 a . .
a4ﬂuisnaunﬁanﬁwaaawqan11una4 steel fiber reinforced
a 's . a { a
concrete %  Aa ﬁuanaq1wtua1,3U1nqantinwamanac1wsua1,nuﬂQU1uﬁﬁ1naq1w
e \ « i ¢ . : v v -
LUaT LAZAUTIAALMRAITAS WL UATURE matrix AINNNANINMAITINAY  NITLRY
4 « oV . < X [ < .
MWiuaT  wn1In composite ALINUTIIN URagIITITARIN  NVTRFNTIUITONTIEIY
v v .28 4 § . o ' w1
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N o> ' ] v 5 EY] I's
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J t - . v
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- e & w ' a o - ']
A4 NIF3URTLUUNAUTEMIININITHAUURSAITLN a1333cgnwaqsmwdww1un11uw1wLuas
Yo 2 d L4 -
RRL TaatauwsnwiL§an1ﬁ1ﬁqu1a11unuwnLannqa,aspect ratio #1ia tasNd
u volumn fraction ﬁaaﬁqaads
o & DY) ' S { daa o '
AMMAITILRTIENIMANRIMNUTNA8AN uﬁaqnanQU1snaunﬁanﬁwaaa
slump AVl

water-cement ratio

a ' o + o 4
WNANTTIHRAUAUBITINNUTANAY W/ e uasﬂm’m‘ﬂluua

a ) ) 4,
UTu1a vater-reducing admixture nag?uﬂvng

a r's
iuatdiuas

. 1 - { {
NIRRT INiuIaY we L Uinaginna uar dTunartuiuat




4 aw.
unn 4 NI TNAAas
“
4.1 dadunrTudy, IUAANNVTHENLAZAITIN
1 £ 74 v

FRC METaaN1atonsunatugiin 1 1135uu11 composite fuau UTEnauAIs
o H < . o {ado v é o 4 .
JEana TINNIIBIR LANLAT IBIRTuTINAY  uasitidivaTnidls i duanraraatl uay matrix

o ;

Ves 3 - . v - s
eiiaT1duanivraun11dinday  plain  concrete - dRTIEMUTUIRTIASIWI AT
(fiber volumn fraction) aéTuﬁ14 0.4 % - 2 % 8M3u steel fiber R7137U

- . o o 4 d . od
waud ¥y plain concrete 3=An1TARAKUASIANGEE 1HANALIANITIAIUNR, AT THFNTY
iy X "\ LV a ‘.
Lugseagay nasna’dninantinis3angldiyaTdunidua
z d, veo .
1. Fadun1THANRMTY FRC n1§1dqu0a11uﬁuﬁa1nm
4 0 PY BT o~ a { o ' ]
RIUNARTIIN 1ﬁqn1ﬁ§wn1u FRC A2 ituua,1aqu1a11uaaﬁqastaaa,
ar 4 3 1
1dqu1a11unu1aﬂnm,u1,adm1xture,1wtuai
& ) ~ s 5 v & o
AW TANL TIRIUANAED iRT1R7U W/C %qas%ﬁtﬂuaun1ﬁ1uqu Compres-
- L Q'J .
sive Strength ﬂunTaunﬁauQu Strength LAZAIMAIMITATRAITAI TR
e £ do .
(Workability) Aa cement content,Iu1a aggrigate n1nmﬁ§a, gradation uav
YinmatnadntaL anty
- o~ o o 3 's s f
14 FRC nunTwannﬂ1u§uﬁa yrnnlwiuag nagansdw 1/4 Taan
- { = [V d 4 a v " V) v
1aqﬂ1zﬁqnaa ATlaguuFNNHaanTad 11y compression strength 1aauaaennT
. v v a (v <& fat o 4
nwaﬂu1aauas1ﬁU1u1miLuunuaan@a Wiy 1wnﬁnaqituuauﬁ1§q1u plain concrete
H . & o a o
FURALTIUN TN IR MY BURALIUAaUATAN T
g 4 - d‘ a o LIS 7
Jumaun 1 1aan slump NIMUIEAN FIMTUKUANITNAFTIN
b o Q ) o 'Y) >4
FIURAUN 2 Laannuwa?umganaqvﬁqu1a11u (aggregate) Tagaatiduly
ATHL
-%agni1 1/5 naenuwnuauga1suiﬁq1ﬁuuu
-#a8n11 1/3 1a4AIIHIANTAYATY
IY) 1 a a
-uagn21 3/5 129Tra¥INAnLETY
(1§x59nnu1aﬁuﬂudqa1ﬁtﬁu 1.5")
:.' J a - ‘f - Jug
FURAUN 3 WATTAUTHIAUILAzZEINAR  UTHNAANWINTAIRIN slump,
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q“ - : o . Vv ’:
TN ANLAZYTHINAIATIERN Rqazu11ﬂ§ﬂ1ﬁuaaqn11u1u1n
a 2 res Y ' ™ e
U1u1mawn1ﬁnuagnu flanavtadl uasaaqﬂisaqanﬁq1ﬁ1q
114 iwainwdgn W freezing, thawing, wetting uaz
E 7
drying ﬂsﬁn11uﬁaqn11awnﬁﬁ§q gazuanInNUulTUIa1NR
. 9 . 4 v o ' .
nuangagmMaaTite L a8 LRsAA compressive
strength
P I's ] . <
FNTLWWLUAT AAYNAABAINAINITATUNAITHINIY  UAENITLUNBNNH
H < - a (dy & v, v .
Tumaun 4 tasnUTuadiuuAnAaInT (wa’inlaRn  compressive
d‘ 1 4 v v
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uva11unuﬂa1nmaanuﬁatanganﬂwmwinaﬁq AIUATNFTIHITD
. vy a 4 w YY)
Tunrnidianraenag UTuwmn7wanﬂauangqn11n1ﬁ1u
plain concrete 3z1f1auaRRAa FRC
4 4 & ! L& a a
FURIUN 6 UTuuiuﬂmﬁtnquﬁu TAANITLWHUIINNUTHIUAIINEULANTAY
AUATNING
v o )
1.1 A1MURKAINITWLABRINTY SFRC
nrinaday  slump P1efian3liuaiway FIMTUATIIHaUAYTINE NN
. ~ -1 d v a s ) v o
un1TI19711a18Y SFRC LHTIENNTITIAAKNTA  LWATHLNANITARULUNL NN E TN AUY
N1TNARBUAR283T  inverted slump cone test Wia v-b test aﬁqenﬁﬁu11§§a911u
1T Tun1TiNewla
- o a g a '
dm¥u SFRC NAIUHANNAAINIT u1u1uituunuas1ﬁqu1a11uasw¢az
<t Q'.llll . v
xasagthaln1a strength uazamgwITatun1NIeINIR R1919 BuzuuIngtu
A - <4 v v 4 . v I's
nwslaannuwaﬂasnaqaﬁq (WalMla SFRC  nd@uaTan1emtae qmﬁnﬁmsnaq1wtuai
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AT ugazaut IanLielte A mTudaTid uedun i nans ugay

{
TdiuaTTans

60



61

34 in. max % in.max 14 1n. max:
- sized sized sized..
aggregate aggregate aggregate

Cement (lb/yd®) 600-1000 500-900 470-700
W/C ratio 0.35-0.45- 0.35-0.50 0.350.55
Percentage of fine to coarse 45-60 45-55 40-55
aggregate ' . -
Entrained air content (%) 48 45 4-5
Fiber content (volume percent)
deformed fiber 0.4-1.0 0.3-0.8 0.2-0.7
" smooth fiber ‘ 0.8-2.0 0.6-1.6 0.4-1.4°

1 b/yd® = 0.59 kg/m® L
lin. = 25.4 mm
1 steel fiber volume percent = 132.3 Ib/yd® (78.5 kg/m?)

A1919 4.1 UARYARTIRIUNANTAY SFRC
»
2. AuRANTUNITHENLALAITIN
A (ud .
2.1 nrTRAN Liuaunainwiuﬁu Aa n11n1za151ﬂtuavﬂﬁn1 mixture
s ) < of s Y ' " & v a
MWLUasTane L fua1218n wazua1 aspect ratio u1nn21 100 asxn1znquLUunau n1ia
& v i) ] q'y .3.' 92 Y v
Luunauaawagnuaa TUTENININITHEY tuanaunquugnﬁ1quu zuanidiyasaan’nnnuy
- : ' % :. e m v ' 2
TuanﬁmsﬁunnaqngLuunmqmaﬁnw131wLuaiﬁﬁanvmzLﬁunﬁq 19 TERUAIIMATL TILNTA
. 4 \ d vy - . 4
anT1don 1/d n1§a:ﬁa1§qxwa%u1$ U ANTATIWRASULTIEA L WLET
' ¢ . ' o S R a o
semiqelviuatuay nmatrix a1 1/d nuuandamTaininy 100 LazUTNIRTARTIR U AN
'S . 4 o a ..
fWiuag 2% asgnuﬁu11ﬁtuawwuwﬂ1s§nﬁn1wnaqaaqununﬁu (ductivity)
w ¢ ' N . .
AlIuAuUWuT1avAn  aspect ratio uaz fiber volumn fraction
<t < o o ' .
nﬂnwgqazLUunaaqnwiﬁwu1u1wLua1tﬁua1q,tw1wsﬁwu11nnwn11uauuaz1§q1u1aa
] . “ I's a
31181  aspect ratio N1TLATT AL L Hunauza WL ua T LNR3N
a . ) - 4 -
wnAnTTN1aY fiber volumn fraction nuwnﬂasnaqaﬁqu7a11un1§1ﬁn11udu, ANHMY

‘ o < - a . <
nﬁqt1n19ﬁnnaq1wLua1uasnuaaun1§dwusuxﬁu fiber avluLATANNAY
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& s I'4 w {d a < )
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4 v < 1~ W
a) (WLUATILANIINAURUIAEY n1ﬁu31d(conveyer)§ana1u
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b) TWLuaiazuuTaugnﬁanaqLﬂiaqnﬁu(Tu)
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¢) UTunmnuaniawly Gidmiianan) zaviviuat
' o o v
d) thuaiqstuqaqaunaqnuﬁwunWQnaqnwﬁuz
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e) 1WLua715Lﬂ§aun11nﬁua1ﬂuL11§4§d1un§91ﬁut1191
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A1THANRIRNA AU UL gnﬁuuuLwa1w1§¢wu15U1s§nnn1wﬁqa
FMTudaT A mEANn
(' uu‘l 4
9.1.1 @WivaTnuang it iuag14a avTagnTe TURIuuTUNTANEY
' | v oad o v v . & a ™ ' N
AIUBUL TN L TEUTALUR TauusiniaTIn1TI’ Aa 45 Nn/uan IWLUATAINATR LW

o < ¢ o 4 - I's P
Taa1tia uazaa1wduuwﬁu5aqugua1aﬁ1ﬂuL11LauﬁtuaLau1wLua1aa w4 LANTY
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LUaTIdT3 awmuan S50 Tau
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2.1.2 131WLua1nu1dqu1a11unaunaz1daq1u1un7aLﬁsaquﬂu U
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aaun11ﬂaaﬂd1wxuawﬂuaaqu1a11unaunaz1daq?u1uu13Lniaquﬁu Turauiialyaa 1atu
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tua1aquu1ﬁqu1a11u1aaa1q ®TANTEINAUUR 18R IBRLABI L WAKTUNAY
{ o Y Y. v v a
2.1.3 1141w1ua1uu1ﬁqu1a1ﬁu,iquwuun 1mu1aunasu113aouu
t o . 1 J ‘,u
LATaduEN n11nn1dqu1a11uﬂ1n;ﬂ?aeiqaqﬂutn1aqwﬁuﬂ=n1sawa1wluai1uqaqn1a11u
{ a o ! : -  ar
2.1.4 WRWlWLuaT Taanﬂ1lnuuuaaﬂ¢duﬂLﬁuau;aunu1ﬁqu1a11u,

4 . s P v a4 ~ - {
ixuua,adn1xture tasudTenm 90% 1ﬁua31auaLuaﬂaaq1dvdqu1a11u Uas L WUDYA
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4.2 Quiuua1ﬂtua1,uanﬁnﬂquuduuasainﬁn11naaa¢

4.2.1 Miuatiane (Steel Fiber)

e a (< <
Tdivagiane Aa LU TRET N3N TanenTa L AR LMAD

w & X ¢ - 2
HATAALUUIULANY 1unﬁ1naaaqﬁx5an1§a1aquunq

I's <.
QmauﬁﬁLaw13n341wtuaTTauznuﬁu11§1unﬁ1naaaq
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HIRATEUIUNTHA

Tensile Stress

] Y Y
A2 1NNUNIURANITLNARUN
Specific Gravity

% Strain

5,064.30 XSC
a9
%

B.7187

10.0200 %

5,197.87 KSC
A4
L |

8.15486

10.8186 %

11831280 amiuad 15 | asniuat 20 aaagnxugn
nuwaxﬁudﬂuguénaﬂq 0.5055 u.u.| 0.8600 w.n.| 1.3200 u.u.
ATTUNUIUBY 8,718.70 8,154.48 7,350.00
§n1wdqu91ﬁuaﬂ1daLﬁudﬂuguénaﬁa - 46.5-63.9 -
(Aspect Ratio)

A971817 - 4.0-5.5 7.u. -
YOUNG ’S MODULUS - 29*103 KSI -
Load 10.1446 KGF {30.1934 KGF [40.0160 KGF
ﬂWTsﬂﬁ1§Qqﬁ 9.0184 u.d.| 9.73707u.u.{17.8118 u. 4.

2,925.15 KSC
A
7.3560

19.7304 %

- ( ar - a ar ar - -
waLng - UNITIN9IBLRBNRALUAT 20 N1THIUNITNARAUN T TUANASAAUALN1TNARALAITTUAIAY

b

Al
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Un ad N ANAAUATALAZ AT N1 TNAREY

. . 4
A17A AU AT UM AN BAIAALN TANTTTIUNI TNRAAIAINNIATIZIN AC

qaﬁ 1
1. fMUARINITEUAD 8-10 cm -
2. ﬁﬂwuaﬂuﬂaTﬂqanaqﬁﬁquanuaﬂULﬁu 25 nm. (1 51)
3. aﬁnaw11quaaeu?uﬁmﬁﬁﬁaaqn11dnu?uéwqu§1uasnuwa%ﬁquﬁunuwadwq 1
Winaminngasld fa 195 ART/Au.u. FavRaunia

4. 11na1110uaaqn1ﬁu§nﬁu513uiﬁq5a1wé1u§wéa%Luuﬁéwn?uﬁwiquﬁsﬁanaw
aaundn A MTuABUNTARGEINITAAAERLAAE 200,300 uas 450 ksc Ald
SRT1dunRaT L uus Tasiningael¥ Ly 0.7,0.55 uaz 0.38 AINAAU

5. UiuadinuenRasnT -

A mfunndvia 200 ksc imafiu 195/0.07 = 278.57 kg/m’
f1edn 300 ksc ufafiu 195/0.55 = 354.55 "
finavda 450 ksc inafiy 195/0.38 = 513.16 "

6. uwu?uﬁaiﬁdqwaunaﬂuaﬁnaﬂquuﬁaqu?u1a1uae?dquawuéauﬁqudaa Ui-
NIRTABUN TR LﬁadwTuqﬁdﬂqﬁuazx55ana4n1ﬂﬂLﬁwﬁu 2.65 uaznunaiaqanaqﬁﬁqwﬁu
MaﬁULﬁu 25 mm. ns1§u?uwa7nac5ﬁqwaunaﬁu1uﬁnﬂwwuﬁqﬁﬁauﬁu = 0.68 au.u./
au.u. 78vAauATR midmumiingasiu = 1,569.015 kg/m’

ugo 4!1!-1 of
aquu1ﬂquanwaﬁun1ﬂtn1nu 0.68 x 1569.015 = 1,068 kg/m3 T24AAUNTA

7.

nwﬂ?uwa1na45aquﬁuastﬁaa

X
UTN1RTL AN AR IUNAY

UTnnaTIaNEN 195/1000 = 0.195 m"

978.57/(3.33 x 1000)=0.084 m_

i

£
HINRTIANT L NUA
FMTunTavan 200 ksc

354.55/(3.33 x 1000) = 0.11 @~

gmTuntavan 300 ksc

1]

513.16(3.33 x 1000) = 0.15 m°

FMTunnavan 450 kse
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u?uﬂa1naQ§ﬁquﬁunaﬁu= 1066.9/(2.658 x 1000)= 0.401m"
UinmTza9a = 0.01 x 1.5 = 0.015 »°
FlulTHIRTTINNIMNARN L FUNT 8 = 0.6949,0.7170,0.7657 m_

J . as - ' “ - a
LHanIR4aALNINY 200,300 URY 450 ksc RIURIAUL

- 4” b7
yiurangenaald = 1 - 0.6949 = 0.3051 m~
1 - 0.7170 = 0.2830 n_
1 - 0.7651 = 0.2349 n°

AmTuraunTAn1AvEa 200,300 War 450 ksc RINATAL

daniinnTanas 1y
= 0.305 x 2.445 x 1000 = 745.97 kg
= 0.283 x 2.445 x 1000 = 691.94 kg
= 0.234 x 2.445 x 1000 = 574.33 kg

AmTunaunTAAIR4EA 200,300 uar 450 ksc RINAIAY

. = 4
8. USuﬁ1uuduxuaqa1nﬂ11u§u

A MTWNIATIN = 4,14 %
87710179 TNRRINTIE = 2.167 %
5a11n11gﬁiunaqﬁu = 0.384 %
IERRLTIN = 1,066.9 x 1.011 = 1,078.63 kg N
-
it AR aR AR = 4.14-0.384 = 3.756
li1LAAauAINTIE = 4.14-2.1687 = 1.973
WEnaminaie = 195-(1006.9x3.75/100)-(745.97x1.973/100)
= 169.65 kg

= 195-(1006.9x3.756/100)-(691.94x1.973/100)
= 168.58 kg
= 195-(1066.9%3.756/100)-(574.33x1.973/100)
= 168.26 kg
dMmTuaauniaiiavia 200,300 uaz 450 ksc @InATRY
Yinadusdnitidmiveaunia 1 o

L 74

19 169.65,168.58,166.26 kg
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I's
AL aUR 278.57,354.55,513.16 kg
W 1,078.63 kg
nis 745.97,691.94,574.33 kg

AMTun1avaa 200,300, Ua% 450 ksc RINAIAU

3
1an 2
1. fimuaAIN1T8UET 8-10 cm
. o < . -4
2. nﬂnunnuﬁﬁTnQana¢1ﬁquﬁunaﬂuLUu 18.75 mm. (0.75 u)
LY ‘fd a - LY 1]
3. awna11wquﬁQQUTu1mu1n§a¢n11d1u1uawquaduasnuﬁa1ﬂqyauau1aan i
Yinmianfaeld Ra 200 ART/au.N. TEIAAUNTR
~ g N4 ¥ It v . e o .
4. 3MMATTIUAAIA N TURUT TENI 9B TR IR AT L iuAd M TUA R il TERERa
g a 4‘4” o W w 4 bV
ABUNTA RIMTUAAUATANAANNITANAYAALARE 200,300 Uar 450 ksc 3zla
P —__J N ' ¥ /o & toa o as
aaTIduinRaTL NuATREUMINAa L NIAY 0.7, 0.55 , 0.38 RINaETAU
a {dw .
5. UTNNTLNUANAAINIT =
dwmFuinAeda 200 ksc inafiy 200/0.07 = 285.71 kg/m”
finAvda 300 ksc imidu  200/0.55 = 363.64 "
finfeda 450 ksc (nadu  200/0.38 = 526.32 "
6. uﬁu?uwaTKaquaunaﬁﬂﬂwnawiﬂquﬁaqu?uwa1naQ§ﬁqnawuéauﬁ«ndqa 13-
4! v} of [N 7] -
UIRTAAUNTR LuaaﬁTuqaﬁﬂvﬁuasLaaazaanﬁatnﬂnu 2.65 uasnuﬂaTaqanaqdﬁquﬁu

3
naquidu 18.

= (Y] 4.} L}
75 mm.1513ﬂ7uwainaqqﬂqudunawu1udn1wwuﬁqnaauuu = 0.64 AU.M./

v
aU. 4. 129RBUNTA MUIBUMINBANAL = 1,550 kg/m~

ugu Alllu o
aquudﬁquﬂuuswunﬂﬁtnﬂnu 0.84 x 1550 = 992 kg/ma 1AYAAUNTA

7.

wwu§u1a1nac5ﬁquﬁuaztﬁaa
- g v [}
YTnRTLANNT A FIUHEN

YTnraTaa g 200/1000 = 0.195 m~

f

1]

P '
YINIRTIANT L NUR 285.71/(3.33 x 1000)= 0.086 m"
FMmTunrasaa 200 ksc

363.64/(3.33 x 1000)= 0.109 v~

AmTunaadn. 300 kse



= 526.32/(3.33 x 1000)= 0.158 n°
dmTun1avda 450 ksc
yTuInTnasIAANINNE = 992/(2.658 X 1000)= 0.373 n’
UuRTma981098 = 0.01 x 2.0 = 0.02 m~
SotmuTnaaTioufienuesnifunine = 0.679,0.703,0.751 o

4 - ar s L] ar - -
Ldan1avaninIny 200,300 Uar 450 ksc RINRIAY

o 4
UTunangaaneadld = 1 - 0.679 = 0.321 m~
1 - 0.703 = 0.297 n*
1 - 0.751 = 0.249 m~

A mTuaaunIanifvas 200,300 Uar 450 ksc RINATAY

simiinnTanaz 1y
= 0.321 X 2.445 x 1000 = 784.85 kg
= 0.297 x 2.445 x 1000 = 726.17 kg
= 0.249 x 2.445 x 1000 = 608.81 kg

AmTuaaunTan1a<aa 200,300 WAz 450 ksc RINRIAU

o 4
8. Ufudaunduiitaeaonaanuty

m’m§uu1a71u = 4,14 %
5a1ﬁn71§aiunaqn1wa = 2.167 %
5n1ﬂnﬁiga%unaqﬁu = 0.384 %
UTunamy = 992 x 1.011 =1,002.912 kg
sintaauiaiy = 4.14-0.384 = 3.756
fintafauiianina = 4.14-2.187 = 1.973
yinaainae = 200-(200%x3.75/100)-(784.85%1.973/100)
= 178.23 kg
= 200-37.25-14.33 = 177.07 kg
= 200-37.26-12.01 = 174.75 kg

A mTunaunianadan 200,300 Uaz 450 ksc RINATRL

4 ~
Uinraduuduntfdmuaaunia 1 n°

v

%1 78.235,177.07,174.75 kg
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Fuua 285.71,363.64,526.32 kg
nu 1,002.91 kg
nits 784.85,726.17,606.81 kg

FMTun1a98A 200,300,uar 450 ksc RINATAU

4
dan 3
1
1. ﬁﬁuuaéwn11§uﬁﬂ 8-10 cm
. - < ¥
2. nﬁnuanuﬁaTaqanaeuﬁquﬂunawu&ﬂu 9.375 mm. (3/8 w7
) ‘:4 w | [V} -r 1
3. aﬁnaﬁTWeuﬁawﬂ5u1muﬂnaaqn11#wn1u9ﬁqua1uaznuﬂa1aquﬁuuu1aaﬂq 1
a Y 4y v a a ™
Ut InAadly A3 225 ART/AN.N. TANRAUNITRA
- 4 e Y ey { w .+ e o
4. AIMMBEITIMAAIA AT UNUTTENI9 A TR iR aT L suad T un AU TEARnal
“ QJU « a2 ar Q‘ L
ABLNTA FMTUABUNTANAAINITANAYAALARS 200,300 uar 450 ksc 3¥la
ar P 't Y o dw Y ) . o
ST uinRat L uuATamininnaa g L Ay 0.7,0.55 a¥ 0.38 ATUAIAU
N (dw
5. UTNT I NuUANRANNNT =

AwTuindein 200 ksc imafiu 225/0.07 = 321.43 kg/m’

finAvda 300 ksc inafiu 225/0.55 409.09 "

findvAn 450 ksc imafy  225/0.38 592.11 *

6. uﬁuﬁuwaiﬁaquauuawuaﬂna1wneuﬁaqu?uwnTnaqﬁﬂqnawudamﬁqudua Y-

a ' ar < 1 W u
NIRTABUNTR LIBATTHARTA AT LABATAINTIELNINY 2.65 URZTUIAIAARDAIFANAY

-

4 YIS o s o
naquLydy 50 an. asTaﬂ1uwafnaqvﬁquﬁunaﬁuﬂudn1uuuﬁqnanudﬁ = 0.48 au.u./
v N, 2 -~

AU.N. 729AABNTA mulgumiingaedu = 1,543.65 kg/m°

ugu 4!Ilu a L)

aquuﬁﬁquﬁuuaﬁun1ﬁtn1nu 0.48 x “1543.65 = 740.95 kg/mn 224A3UNTR

7. nﬂu?uwa1naq5ﬁqwﬁuastaaa

a ¥ .
YTHIRTLRAUNT A A TRU Y

v
UIuaTIawin 225/1000 = 0.225 m°

< 's
HSuATA 9T L NUA 321.43/(3.33 x 1000)=0.096 n_
FmTunravda 200 ksc

409.09/(3.33 x 1000)=0.123 a_

dmTunnavan 300 ksc



u?uﬁavnaeﬁﬁquauuaﬂu=

UTu1RTIaaINA

v b4 O
AU THIR TTINNIMNAAN L 7UNTE
4 e 1.
Luanirdaaininy 200,

- o
YinimnTranaasld =

FmTuraunTai1avaa

o —r T
umuanTIansy

0.

0.

0.

A mTuaaunianaan

o 4 ¥
8. UFURIUNENLRA4INAINEY

592.11(3.33 x 1000) =0.178 m°
FMTuATadde 450 kse
740.95/(2.658 x 1000)=0.278 n~
0.01 x 1.5 = 0.015 o~
0.5657,0.6250,0.6960 m~ ]

300 uas 450 ksc RAINATRAY

1 - 0.5657 = 0.4343 n~
1 - 0.6250 = 0.3750 m~
1 - 0.6960 = 0.3040 n°

200,300 Uar 450 ksc RIHATAY

434 x 2.445 x 1000=1,061.00 kg

375 x 2.445 x 1000

916.87 kg

304 x 2.445 x 1000

it

743.28 kg

200,300 uaz 450 ksc RINAIAU

AIHTUNIA TN = 4.14 %

BATIN1TRATNIAINTIE = 2.167 %

5a1wn11gaiunaqﬁu = 0.384 %

TEPRTIT N . 740.952 x 1.011= 749.10 kg

yinLaRaui i = 4.14-0.384 = 3.7586

iLARauiaNT e = 4.14-2.187 = 1.973

WHuainata = 225-1740.95x3.75/100)~(1,0617x1.973/100)
= 218.10 kg
= 225-27.83-18.09 = 215.28 kg
= 195-27.83-14.66 = 211.83 kg

A mTunaunTanifvia

4 ar
UTnadueannifdmivaaunia 1 o

t

200,300 Uar 450 ksc RINATAU

TS} 218.10,215.26,211.83 kg
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Fuua 321.43,409.09,592.11 kg
ny 749.10 kg
nia 1,061,916.87,743,28 kg

RIMTUNTA9AR 200, 300,488 450 ksc AINAIAY

b
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<
N17NRaaIn 1

ﬂﬁ?ﬂﬂﬁBUQ1ﬁNﬁﬁﬂ11ﬂ?ﬂuTQaQIBQ31ﬂ

- { < . o oW - w o | d o
JantTeded (HAaNAFauMIn 1R TULTIRSIa L FURIATUIANITRAR Y 9 ATz udeTaan 1y
b S— t

. e B { ] .
nwaqu1¢aqnaq1wtua11auzqsae1uﬂuq 40 - 400 kst

-r (
adauasaunan1Ineday

{ { @
1. (dua7@ 3 fUAAa AALuAT 24, AIRLUAT 20, 4azAMUNLUAD
< . . " - )
2. LATavNa Universal Testing Machine (FuuTelAHLAY 10 ton)
4 a ( v \ ' v o 4 .
3. LATAYRANUILABTWTAN Printer Wawlvla1fuLATas Universal Tes-

ting Machine

fURAUNITNRARY

o
(n) - LATENLAUATR TAMINAIATY 3 THA  NIRATWIARIINETT 15 cm Hn
) - (Y] '
arTnadauadlafuaas 5 /23819
o ( o oo oav > > 4 a ¢
- LaiauqunTmTaaLUaaun1au1MLuuwsnua1a AYLATANABHWILABTUAY
Printer 3ziazutaiasTagdaTudalnuiaunienu
(1) AVTNARALUMIAIINE NI TRTIUNITTUL TR AN L HUA A
AQ b Var o o o 1 J o . A -
Llagat duataludaiumaduag1eiiuaendn  v1n171R1ATaY Universal
. . ] ' « 2 dw ,"/4 A [Y)
Testing Machine (ATa43UAASUTIASATNATINLTINAANINITRAIUNLTIASCTITUTUTUNTY
Ta { ot 5 < a l"” .
ABNWILRAT TINNYUUIA MoniterdadiATavAaNWILATTItUAAINT W Load-deflcction
. > “ o B oa dy s . 4 o X
2AIN1TNIUTUINS UY B L ABINUNITUNUTERARBNNINY Printer Luanﬁsaqauqa
<4 ¢ X R v a ¢ d
(R) LNALETIAUNTITAINN tiﬁas1anagaﬂwnﬂauuqtaa1 nRvaANNINIY
printer AaA1 laod ,% strain,elongation,stress,energy

(4) N19AMIU A1 tensile strength 28427830FAT £=P/A

o . ] -1 [ '
Ta8n P = uiqn1znw§QQQaanﬁ1naaae 1 R22479(R1INABNRILABT)
¥ d v o Y] 2
A = WUNMUIRARTBILAURIA , A = ¥D /4
¥ 1 ¢ <4 " - ¥ o e
D = uu1atﬁuu1§uanawe (RAAIINNITIARAINANIIAIAINNUNNAY

naﬁ0ﬁ1wu§qnactﬁua1a



T2

4
A1TNRaAIN 2

' ~ 4 .
N1 IMAFAUNIAILTISRLIUEY (bond stremgth) 8R4 Fiber uaz concretes

-~ { 4 ' Q—J v 4 o X ' 1 -« Y o
2!ﬂ“13i1ﬂ LHAMIA U TSR L MUEIUTERANIARIUTENT Y IWLUATURLAAUNTANIUIANUIAR

- -« @ o “ o oy P
ﬂﬂQaQQuasaQTquuu“uﬂaQﬂauﬂTﬁnﬂﬁQﬂu TREQSBBHRTQﬂiﬂULdua1ﬁnﬁQ

of J t -~ 4 v - )
TRQEQHTHIUﬂTQﬂ15U8ﬂﬂ1383aﬁﬂﬂﬁa?ﬂﬂﬂq 1 muuaswaniadzutauin

- - { 4 d4d « Y o .
niuIRaIIINNREaY Wi vataa UANITMNULUBRANARBANUAVEIRINITIUD

1 of 4 (Y3 s Ve W
LATUNIAAUNTRNINAF UL WAN RN INI1TATURITTUL TYaR TRENR

Ld (
JdauazalnTa

T
1.

2.

*
AURAUNITNARAAY

' 'S <
Ldua%a Luat 20, LuaT 24 WATRIANALNAN
' ' ' I's
uuunaaaaun?nzuniqn1suan 1%na PVC nuwatﬁuuﬂguanaﬁq 4" gq
20 cm.

d « { 5 . W s e a1 A&
LATavUANAAAY Universal testing nachine (Juntavas’liuinu. 10
ton)

< a L v t -~ w 4 A
LATaYAANWILARTWTAN PRINTER Aaw24L@nfiy  #71A7aY Universal
testing Machine

4 4 !
tATavF 9T Ing

< -

LRATANWANAAUNTA

4 & e [V 4
tﬁ7aquaﬁatﬂuuﬂguanaﬁq

<4 1 o 1 o fod
tATaeMAaMNIn  (capped) MINIERANUNIAAUNTAEIAEIY  MANIINNTT

« [ < [v3 v
NARANANARIALETILTEUTRAUAD

n)

N1TLATENLUUNAR

- t t a 4 1] ‘ L
1. uMa PVC 4"2814U14H R L HUNAULANIUIRAIINEIINAURE 20 cA.

v o o. o g‘b‘ 3 [ . L - 1 a v ‘:uv
ua1uﬂuﬁaa?uuu1aqn143n ﬂ1ﬁ1WﬂﬁsﬂﬂﬁuUUBBﬂ1ﬁﬂun18Lﬁﬂgulﬂﬁﬂﬂag NIUINUAY

- 4 g YR ”l:‘
W TunRAUNTAISRUAEN UL UYINN
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i)
2. AINITIALUUAI8A2A gn?uuuunqaﬂuuuuasawuaﬁq duuaa19Ta
P P L ve @ X 4
A1 TLnAauR TRILUEW T Ban T awunL T sy
2) N1TLATANEIAAISUNIABUATA

1. WANADUNTA Taa1§5n11d1uuduawudwﬁwﬁqﬁauazuuwaﬁuﬁq@a AR

T4
Max.agg=2" Max.agg=3/4" Max.agg=3/8" 1
strength
(kse) AW, No.20|No.24| au. [No.20 |[No.24 aW. |No.20 [No.24
450 5 5 5 5 5 5 5 5 S
300 5 5 5 5 5 5 5 5 S
200 5 5 5 5 S 5 5 S 5

2. (NABUNTAAINANIAITRIUUR TUNIEY uTsuwm1ﬁ1ﬁaku§¢ 1 1u 3
v & v v b Y 4 “ o oo A 4 -
naquuuuazﬁﬁnuannfzqq1un1 25 AT4 3 ndunTEnaLfuLAsTfuan 2 ¥U (NaRauniw
I3 ~ a v v a v - o) PYR PN <
LANIUUISUIRH M THL TEY (nmznisqquastn911unw1auuuu1ua§1uuu1aquazuunq)
Y <4 o« v v oo Y O . 0 oe ' .
3. UNFAUAIANLATENTINUIAARE 15 LAURBAIATAYAR 1 A1 TRANIMUA
4 { s 1 e
1zasﬂqa1agnxwan A701U8T 20 URYATIALLAT 24 1nIAU 2.5,2.0 WAL 1.5 ca. AW
. :.:- Ql4 L] ‘u 4-
FMMUANURLEIAANIUNUUABUNTA NBUNABUNTAIS L TNRIA N TEas Nt nua
A) N1TNARAUADINTINITOTUL TIAYAAIRIA
n1TnadauTaaddiaTasia Universal testing machine Taald#a3u
» < v ] o A A u ow w 4 v <4 - 's
ATURUUAYATA  THAANINUNIAAUNTANEARANLUAIIULATANARIUAINY  LATAJAANWILAATUAY
d a ¢ . . v o
LATANWNWITUAAINATRY load-deflection naqnw1n1qwuxﬂutaaununﬂinaaaqn 1
3 N1INARAUNTITIUAIAYHEATaIUNIAAUNTR
NINAFAUNIAIEATAVUNGARUNTA  NTENIMAIIINNINIINATDUAIINE1-
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v 4
ATIN (KGF) (MM) (KGF/MKD) (%) (KGF—MM)
1 10.080 8.9620 |10.080 9.9578 |83.504
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3 10.403 8.5760 [10.403 9.5289 |83.703
4 10.080 9.7990 |10.080 |10.8870 [90.826
5 10.000 |10.2120 |10.000 |11.3460 [92.392
£
2.a70Lua7 20
n1TnAaay | LOAD ELONG STRESS | STRAIN | ENERGY
v o4
AT (KGF) (HM) (KGF/MM") (4) (KGF—MH)
1 30.3220 | 9.6550 |30.322  |10.7270 |287.55
2 30.887 |10.5600 [30.887  [11.7430 [313.41
3 30.887 8.6170 |30.887 9.5745 |262.12
4 29.839 8.6170 |29.839 9.5745 |259.87
5 29.032  |11.227 |29.032  [12.4740 |321.88
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13
3.31Rgﬂl“ﬂﬂ

A1TNRaB LOAD ELONG STRESS STRAIN ENERGY
ﬂ‘:};\la (KGF) (MM (KGF/MM™) (%) (XGF—MM)

1 37.822 16.394 37.822 18.215 605.53

2 40.8086 19.922 40.808 22.135 717.16

3 41.452 19.169 41.452 21.299 765.34

4 41.452 15.000 41.452 16.666 807.20

5 38.548 18.574 38.548 20.637 696.96

310 Printer wTauntaw
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a ' . . [
Wan1TauINAY Utimate tensile strength 7a9 WL U TTans (1 AUAIR)

No.of No. | Diameter|a=wD"/4 Load 4 =Load éo.vemge
fiber |Sample (cm) (ca™) (K@) Area "~ (KSC)
No.24 1 0.0505 0.0020 10.0800|5,040.00
2 0.0505 0.0020 10.080015,040.00
3 0.0505 0.0020 10.080015,201.50 5,064.30
4 0.0505 0.0020 10.0800}5,040.00
5 0.0505 0.0020 10.0000)5,000.00
No.20 1 0.0860 0.0058 30.32205,220.00
2 0.0860 0.0058 30.8870}5,317.27
“3 0.0880 0.0058 30.8870{5,317.27 5,137.87
4 0.0860 0.0058 29.8390|5,316.86
5 0.0860 0.0058 29.032014,997.993
No.18 1 0.1320 0.0136 37.832 |2,764.77
ﬂ1ﬁgﬂ— 2 0.1320 0.01386 40.806 |2,982.89
\wan s | 0.1320 lo0.0136 | 41.452 {3,030.11 |2,925.14
4 $.1320 0.01386 41.452 [3,030.11 -
5 0.1320 0.01386 38.548 12,817.84

89



<
NIINARAIN 2

1 - o ~ ' I's .
HANTTNRABINIATU TIEA L MUANTEaaTENI1Y TWLluaT uas Matrix

4..““ 4
1) nANaderdTeas 200 KSC

Max. NO. NO. LOAD [ELONG STRESS STRAIN ENERGY
Aggrigate| Fiber [Experiment| (KGF) 9.1, §) (KGF/MM )| (%) (KGF—-MM)
1" 24 1 5.7351| 0.2650| 5.7351 0.28650 6.0298
2 3.3926| 0.8120| 3.3926 0.8120 1.3021
3 10.5000{ 4.7000{10.5000 4.7000(103.6100
4 7.5929) 1.4120{ T7.5929 1.4120] 37.3400
5 3.2310} 0.2930} 3.2310 0.2830 0.5098
20 1 24.959 1.0080;24.959 1.0080) 24.959
2 18.578 1.1180}18.578 1.1180( 23.988
3 23.505 0.8610123.505 0.8610] 71.212
4 28.817 2.6450(26.817 2.6450(151.710
5 25.363 1.0790)25.363 1.07%0 64.033‘
a1agn- 1 33.845 1.7400|33.845 1.7400(240.37
Lusﬂ 2 29.402 3.2450129.402 3.2450}1275.38
3 32.148 1.4840132.148 1.4840}1311.84
4 - - - - -
5 33.845 1.7610(33.845 1.7610|313.58




Max. NO. NO. LOAD |ELONG STRESS .{STRAIN | ENERGY
Aggrigate| Fiber |Experimeant| (XGF) (M0 | (KGF/MN) | (%) (KGF—HM)
3/4 24 1 9.9354( 9.2480( 9.9354 9.2480(128.830
2 9.2892|13.8670} 9.2892 113.8870|126.130
3 9.9354} B8.4550] 8.9354 8.4550{ 77.061
4 9.5315{ 8.0060| 9.5315 8.0060( 69.342
5 9.6123! 5.6390| 9.6123 5.6390{ 72.412

20 1 30.210 j10.859 |30.210 10.859 |288.46

2 28.875 6.446 |28.675 6.446 |270.52

3 28.029 4.538 |28.028 4.538 261.29

4 28.917 6.264 128.917 6.264 (317.31

5 30.452 9.210 }20.517 9.512 |256.93

aﬂagn- 1 35.945 |10.631 |35.945 10.631 |326.31

lﬂsﬂ 2 31.421 6.197 [31.421 6.197 1495.586

3 18.497 1.730 [18.497 1.730 24.69

4 31.825 |10.590 |31.825 10.590 |291.29

-

-

-
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Max. NO. N0. | LOAD |ELONG | STRESS |STRAIN | ENERGY
Aggrigate| Fiber |Experiment| (KGF) (MM) (KGF/MM™) | (%) (KGF—MM)-
3/8" 24 1 9.2084| 4.8610| 9.2084 | 4.8610| 41.676
2 9.2892| 5.2240| 9.2892 | 5.2240| 49.663
3 8.4007| 4.1730| 8.4007 | 4.1730| 32.785
" 8.4815| 3.1370| 8.4815 | 3.1370| 25.220
Y - - - - -
20 1 - - g - -
2 14.943 | 1.0450(14.943 1.0450| 53.285
3 23.263 | 1.2330|23.263 1.2330{ 48.241
4 19.790 | 1.4900{19.790 1.4900{ 33.268
5 - |23.586 | 1.5340(23.5886 1.5340| 67.164
UITE 1 14.458 | 0.2630|14.458 0.2630| 57.941
Lnan 2 92.375 | 0.7510(22.375 0.7510| 9.0382
3 21.567 | 1.3390|21.567 1.3390| 14.352
4 13.489 | 0.5840|13.489 0.5840| 46.971
5 9.370 | 2.1540| 9.370 2.1540| 24.505

92



o) RRAfivERTEEE 300 KSC

Max. NO. NO. LOAD |[ELONG STRESS |STRAIN | ENERGY
Aggrigate| Fiber [Experiment| (XGE) (M) (KGF/MM™) | (%) (KGF—MM)
1" 24 I 10.2580| 7.0810{10.2580 7.0810} 80.4870
2 8.7238| 1.3940| 8.7238 1.3940| 18.4430

3 8.1583| 0.4960| 8.1583 0.49860 8.8502

14 9.2084| 9.0480| 9.2084 9.0450) 98.6230

5 9.6931) 6.5540| 9.6931 6.5540] 81.2970

20 1 26.0090) 2.1280(26.0090 2.1280| 96.4010

2 26.4130| 1.7300]26.4130 1.7300(126.2600

3 26.4940| 1.3090}26.4940 1.3090{108.3900

4 27.6250| 4.0380(27.6250 4.0380(161.7000

5 21.8900| 1.3540(21.3900 | 1.3540(135.6400

a1a§n- 1 34.7330{ 3.7100|34.7330 3.7100]101.3600

lﬂaﬂ 2 36.1870{ 4.5290|36.1870 4.5290{384.5800

3 35.1370] 5.9970(35.1370 5.9970(444.9100

4 23.9090{ 0.9690{23.5090 0.9690{ 13.9780

5 36.9950| 23.8050(36.9850 3.8050{485.9600




94

Max. NO. NO. LOAD |ELONG STRESS |STRAIN | ENERGY
Aggrigate| Fiber |[Experiment| (KGF) (MM (KGF/MM™) | (%) (KGF—MH)
3/4 24 1 9.4508{ 8.8780| 2.4508 8.8780{ 79.6730
2 9.77391 8.8330{ 9.7739 8.6390} 78.1990

3 10.5000| 9.5220(10.5000 9.5220{ 99.3140

4 10.2580(11.6490]10.2580 11.6490}129.4400

5 9.5315(11.2000| 9.5315 11.2500(107.3000

20 1 26.1710| 1.1530)26.1710 1.1530(124.1700

2 28.5940| 3.7650/28.5940 3.7650(226.8100

3 25.92901 1.0110}25.9290 1.0110{134.5400

4 29.2400( 5.8880{29.2400 5.88601306.0200

5 30.2100| 8.2050(30.2100° |-8.2050(427.6100

a1agn— 1 35.7030| 5.9590(35.7030 .5.9590 382.7200

Lugﬂ 2 34.0870| 6.3760{34.0870 8.37601170.1300

3 24.2520| 2.0680 24.2320 2.0660 360.7200

4 38.5300110.2300(38.5300 10.2300(942.2800

5 24,7980 1.5280)24.7980 1.52801254.0400
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Max. NO. NO. LOAD |ELONG STRESS |[STRAIN | ENERGY
Aggrigate| Fiber |Experiment| (KGF) (MM) (KGF/MM™) | (%) (KGF—MM)
3/8° 24 1 3.6349| 0.3090] 3.6345 0.3090 1.4844
2 2.6000| 0.2010} 2.6000 0.2010 1.5428
3 1.6000| 0.1540] 1.6000 0.1540 0.5341
4 - - - - -
5 - - - - -
20 1 25.8060| 3.0190}125.6060 3.0180} 91.3030
2 7.7545 0:5750 T.7545 0.5750 7.0744
3 11.8740| 0.6970}11.8740 0.6970] 18.1210
4 16.3470] 0.8230(15.3470 0.8230f 41.1730
5 20.2740) 0.7520{20.2740 0.7520 7.8897
aaagn- 1 12.6810| 0.6860{12.6810 0.68680} 21.2530
LMSH 2 38.6910| 3.0620138.6810 3.32821 80.4020
3 17.1240] 0.5740(17.1240 0.6239(183.1300
4 5.8158] 0.1880] 5.8158 0.1890 0.8000




J 1 - 4 frd [
3) nAnavaauTeas 450 KSC

Max. NO. NO. LOAD |ELONG STRESS |STRAIN | ENERGY
Aggrigate| Fiber |Experiment| (KGF) () (KGF/MM™) (%) (KGF-MM)
1" 24 1 10.5000| 9.95200{10.5000 9.8200] 96.4020
2 10.8240| 9.5430(10.8240 8.5430| 86.3690

3 9.7739] 6.2460) 9.3739 6.2460| 55.0470

4 10.4200{12.9610(10.4200 12.9610(128.1100

5 10.9040{12.1260(10.9040 12.1260(119.7700

20 1 29.7250(13.4900{29.7250 13.438001374.9600

2 28.91701 5.2070128.9170 5.20701139.7500

3 30.4520(10.7430}30.4520 10.74301312.68600

4 29.2400f 9.1240(29.2400 9.12401238.7700

5 27.2210( 5.4110(27.2210 5.4110(357.0000

a1agn— 1 35.2180| 4.3510(35.2180 4.3510(728.6300

tMSﬂ 2 42.2450{ 9.0220{42.2450 3.02201799.7500

3 37.8030| 5.7860|37.8030 5.7860(678.3200

4 43.8610| 9.5300(43.8610 9.5300111598.200

5 39.4990; 5.6670139.4330 5.66701639.3000

98



Max. NO. NO. LOAD |ELONG STRESS |STRAIN | ENERGY
Aggrigate| Fiber [Experiment| (KGF) (MM) (KGF/MM ) | (%) (KGF—-MM)
3/4 24 1 9.0469( 8.1380; 9.04869 8.1380] 87.0010
2 8.9661| 8.6700| 8.9661 8.6700]{104.5700
3 10.5810( 6.5050|10.5810 6.5050{109.7000
4 10.0970| 6.1390(10.0970 6.13901144.1200
5 9.2084| 3.2730( 9.2084 3.2790| 57.9290
20 1 31.0980( 9.2090{31.0880 9.2090{234.6400
2 23.0210| 1.5800{23.0210 1.5%00(175.1100
3 21.9710( 1.4000§21.9710 1.4000{208.6100
4 30.0480| 6.5230)30.0480 6.52301318.4100
s 5 - ) - -
a1agn— 1 27.3830| 2.8380(27.3830 2.8380/261.8100
lwsﬂ 2 33.1180| 5.6480(33.1180 5.6490/585.2600
3 35.7030( 9.1330}35.7030 9.13301469.4300
4 35.5410| 9.0960)35.5410 9.0960(266.4000
5 36.0260| 8.5650}36.0260 8.5650{253.2400
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Max. NO. NO. LOAD |ELONG STRESS |[STRAIN | ENERGY
Aggrigate| Fiber |Experiment| (KGF) (MM) (KGF/MH ) | (%) (KGF—MH)
3/8 24 1 9.3700(10.6150} 9.3700 10.6150| 91.3780
2 7.8352] 3.1610| 7.8352 3.16810| 28.3910
3 8.5622| 7.0408| 8.5822 7.0480) 57.7240
4 - - - - -
5 = = - - -
20 1 18.4970] 0.9110|18.4870 0.9110] 84.6880
2 20.4360 0.9626 20.4360 0.9620| 43.5300
3 25.0400| 1.4150|25.0400 1.4150| 89.3800
- 4 15.3470| 0.7460{15.3470 0.7460| 34.3180
5 12.3580] 0.8620712.3580 0.86820f 50.5710
aaagn— 1 33.8450| 7.6590(33.8450 7.6580{208.2200
lM;n 2 31.0180} 1.2820(31.0180 1.2820) 28.8560
3 22.7780) 1.7740(22.7780 1.7740| 79.5020
4 39.6610(10.9540}39.6610 10.9540 386.766b )
5 25.9290| 0.6290(25.9290 0.6290 9.7724
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(bond strength -T)
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Description{No.of | No. Diameter|{Length| A=¥DL | Load (=Load/Area aggrage
fiber |Example| (cm) Ctem™) | (em) (KSC) (KSC)
Max.Aggri- 24 1 0.050 1.5 0.238 5.735 {24.097 33.370
gate = 1" 2 0.050 1.5 0.238 7.582 [31.903
200 KSC 3 0.050 1.5 0.238 10.500144.118
4 0.050 1.5 0.238 - -
5 0.050 1.5 0.238 - -
20 1 0.088 2.0 0.540 24.959(|46.190 44,127
2 0.086 2.0 0.540 18.578|34.381
3 0.0886 2.0 0.540 25.363({46.938
4 0.088 2.0 0.540 26.817149.829
5 0.0886 2.0 0.540 23.505{43.500
18 1 0.132 2.5 1.306 33.845(32.647 31.163
a1agn 2 0.132 2.5 1.3086 29.402}28.361
LMSﬂ 3 0.132 2.5 1.308 32.148(31.000
4 0.132 2.5 1.308 33.845(32.647
5 0.132 2.5 1.308 - -




100

Description|{No.of] No. |Diameter|Length| A=wDL Load |C=Load/Area agirage
fiber |Example| (cm) (cm”) | (cm) (KSC) (KSC)
Max.Aggri- 24 1 0.050 1.5 0.238 10.258({43.100 38.690
gate = 1" 2 0.050 1.5 0.238 8.723 |38.650
300 KSC 3 0.050 1.5 0.238 8.158 |34.278
4 0.050 ‘1.5 0.238 8.201 138.690
5 0.050 1.5 0.238 9.893 |40.723
20 1 0.086 2.0 0.540 26.009(48.134 4T7.535
2 0.086 2.0 0.540 26.413148.880
3 0.0886 2.0 0.540 26.449(49.030
4 0.086 2.0 .10.540 27.625(51.124
5 0.0886 2.0 0.540 21.890(40.510
18 1 0.132 2.5 1.3086 34,733(33.503 34.720
GQRQﬂ 2 0.132 2.5 1.306 36.187{34.9086
Lﬂ;n 3 0.132 2.5 1.308 35.137133.809
4 0.132 2.5 1.306 36.995(35.880
5 0.132 2.5 1.306 36.026(34.650




101 ¢

Description|{No.of No. Diameter|Length| A=¥DL | Load T=Load/Area average
fiber|Example| (cm) (ca”) | (cm) (KSC) (KSC)
Max.Aggri- 24 1 0.050 1.5 0.238 10.500144.120 43.653
gate = 1" 2 0.050 1.5 0.238 9.734{40.890
450 KSC 3 0.050 1.5 0.238 10.420]43.780
4 0.050 1.5 0.238 10.904|45.820
5 0.050 1.5 0.238 - -
20 1 0.086 2.0 0.540 28.917153.515 53.880
2 0.086 2.0 0.540 30.452156.358
3 0.086 2.0 0.540 29.240(54.113
4 0.086 2.0 0.540 27.221150.380
5 0.0886 2.0 0.540 29.724(55.046
18 1 0.132 2935 1.306 35.218133.970 38.318
a1a§n 2 0.132 2.5 1.308 42.245{40.750
lﬂsﬂ 3 0.132 2.5 1.308 37.803[36.460
4 0.132 2.5 1.306 43.861}42.310
5 0.132 2.5 1.306 39.499138.100
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Description|No.of| No. Diameter|{Length| A=vDL | Load |U=Load/Area| average
fiber{Example{ (cm) (cn™) | (cm (KSC) (KSC)
Max.Aggri- 24 1 0.050 1.5 0.238 9.935 {41.745 - 40.300
gate = 3/4" 2 0.050 1.5 0.238 9.287 |39.329
200 XSC 3 0.050 1.5 0.238 - -
4 0.050 1.5 0.238 9.530 [40.048
5 0.050 1.5 0.238 9.612 |40.387
20 1 0.086 2.0 0.540 28.675(53.087 52.818
2 0.0886 2.0 0.540 28.029(51.872
3 0.088 2.0 0.540 28.917153.515
4 0.086 2.0 0.540 - -
) 5 0.086 2.0 |0.540 < L
18 1 0.132 2.5 1.306 35.700134.459 27.545
a1agn 2 0.132 2.5 1.308 31.421]30.329
Lﬁ;ﬂ 3 0.132 2.5 1.306 18.450117.847
4 0.132 2.5 1.308 - -
5 0.132 2.5 1.3086 - -
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Load

Description|{No.of{ No. Diameter|Length| A=wDL (=Load/Area| average
fiber |Example| (cm) (cn™) | (cm) (KSC) (KSC)
Max.Aggri- 24 1 0.050 1.5 0.238 8.450139.700 40.975
gate = 3/4" 2 0.050 1.5 0.238 9.770(41.050
300 KSC 3 0.050 1.5 0.238 - -
4 0.050 1.5 0.238 10.258143.110
5 0.050 1.5 0.238 9.531]40.050
20 1 0.0886 - 2.0 0.540 26.171]48.430 51.885
2 0.088 2.0 0.540 28.584152.917
3 0.088 2.0 0.540 25.829(47.958
4 0.088 2.0 0.540 29.240|54.113
5 0.088 2.0 0.540 30.210(55.910
18 1 0.132 2.5 1.3086 35.703134.433 34.828
adagn 2 0.132 2.5 1.306 34.087132.880
Lﬁgﬂ 3 0.132 2.5 1.306 38.530(37.1866
4 0.132 2.5 1.3086 - -
5 0.132 2.5 1.3086 - -
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Description|No.of| No. |Diameter|Length{ A=wDL | Load |U=Load/Area| average
fiber|Example| (cm) ten®) | (cm) (KSC) (KSC)
Max.Aggri- 24 1 0.050 1.5 0.238 9.046138.010 40.250
gate = 3/4" 2 0.050 1.5 0.238 8.966137.673
-450 KSC 3 0.050 1.5 0.238 10.581(44.458
4 0.050 1.5 0.238 10.087142.420
5 0.050 1.5 0.238 9.208{38.690
20 1 0.086 2.0 0.540 23.021(42.600 46.608
2 0.088 2.0 10.540 21.971140.860
3 0.0886 2.0 0.540 30.048155.608
4 0.0886 2.0 0.540 - -
5 0.086 2.0 0.540 - -
18 1 0.132 2.5 1.3086 33.118(31.945 33.855
a1ﬂ§ﬂ 2 0.132 2.5 1.306 35.703(34.439
lﬂsﬂ 3 0.132 2.5 1.306 35.541(34.283
4 0.132 2.5 1.308 36.026(34.751
5 0.132 2.5 1.306 - -
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Description|No.of| No. |Diameter|Length| A=wDL | Load |U=Load/Area| average
fiber |Example| (cm) (cm’) | (cm) (KSC) (KSC)
Max.Aggri- 24 1 0:.050 1.5 0.238 9.208 38.690 37.163
gate = 3/8" 2 0.050 1.5 0.238 9.289 39.030
200 XSC 3 0.050 1.5 0.238 8.401 35.290
4 0.050 1.5 0.238 8.482 35.640
5 0.050 1.5 0.238 - -
20 1 0.088 2.0 0.540 - - 41.107
2 0.0886 2.0 0.540 - -
3 0.086 2.0 0.540 23.263| 43.050
4 0.086 2.0 0.540 19.790| 36.820
H) 0.086 2.0 0.540 23.586| 43.650
18 1 0.132 ALY 1..306 14.458] 13.947 17.340
Rﬁﬂgﬂ 2 0.132 2.5 1.3086 22.3751 21.583
l“SH 3 0.132 2.5 1.306 21.567| 20.800
4 0.132 2.6 1.306 13.489) 13.010
5 0.132 2.5 1.306 - -
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Description|No.of| No. Diameter|Length| A=wDL | Load |T=Load/Area| average
fiber|Example} (cm) (ca™) (cm) (XSC) (KSC)
Max.Aggri- 24 1 0.050 1.5 0.238 2.600 110.924 10.970
gate = 3/8" 2 0.050 1.5 0.238 1.600 8.723
300 KSC 3 0.050 1.5 0.238 3.835 [15.273
4 0.050 1.5 0.238 - -
S 0.050 1.5 0.238 - -
20 1 0.0886 2.0 0.540 11.874121.974 29.545
2 0.086 2.0 0.540 15.347{28.402
3 0.086 2.0 0.540 20.678{38.2860
4 0.088 2.0 0.540 - 3
- 5 0.0886 2.0 0.540 - -
18 1 0.132 2.5 1.308 12.681(12.230 24.775
aangn 2 0.132 2.5 1.308 38.691|37.320
tngn 3 0.132 2.5 1.308 5.816| 5.610
4 0.132 2.5 1.306 - -
5 0.132 2.5 1.3086 - -
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ADescription No.of| No. Diameter{Length{ A=%DL Logd T=Load/Area| average
fiber|Example (cm) (cm™) (cm) (KSC) (KSC)
Max.Aggri- 24 1 0.050 F 1.5 0.238 9.370 ]39.370 36.145
gate = 3/8" 2 0.050 1.5 0.238 7.835 [32.920
450 XSC 3 0.050 1.5 0.238 - - )
4 0.050 1.5 0.238 - -
5 0.050 1.5 0.238 - -
20 1 0.0886 2.0 0.540 18.497}34.232 36.898
2 0.0886 2.0 0.540 20.436(37.820
3 0.0886 2.0 0.540 25.240{46.340
4 0.088 2.0 0.540 15.347128.402
5 0.088 2.0 0.540 - -
18 1 0.132 2.5 1.3086 33.845132.647 33.8608
avagn 2 0.132 2.5 1.306 31.018]29.820
LMSn 3 0.132 2.5 1.308 39.661{38.527
4 0.132 2.5 1.306 - -
5 0.132 2.5 1.308 - -
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Speci| Code {Dimension(cm) |Weight|Slump|Ages Ulti—- |Compres—{Weight |Compre
men of (kg) (cm) |Days|mate |sive Per ssive
No. Struc—{Cross |Height Load |Strength|Volumn |Avera—
ture Section (kg kg/ma ge
KSC KSC
Max.
Aggri-
gate
=3/8"
IRFEED \
200KsC
1 85.276 8 7 118,900|221.630
2 85.603 8 7 134,620(404.420
3 86.590 8 7 |24,2701280.280 277.999
4 86.425 8 7 120,470(236.853 N
5 86.210 8 7 121,278(246.8186
fiAvdn
300KSC
1 85.603 8 7 135,855|416.500
2 86.920 8 7 130,630{352.390
3 86.261 8 7 136,860{424.984 394.123
4 86.590 8 7 {36,840{425.453
5 86.425 8 7 {30,3601351.286
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Speci| Code |Dimension{(cm) Weight |Slump [Ages|{Ulti— |Compres— Weight {Compre
men of (kg) (cm) [Days|mate |sive Per ssive
No. étruc— Cross |Height Load |Strength|Volumn |Avera—
ture |Section ) (kg kg/m3 ge
KSC KSC
IRFEEL
450KsC
1 86.261 8 7 130,600}354.740
2 87.251 8 7 |31,680}363.089
3 86.590 8 7 124,900{287.562 347.200
4 86.210 8 7 130,541(354.263
5 87.101 8 7 {32,7TB0|376.345
Max
Aggri-
gate
=3/4"
finavan
200KSC
1 86.425 8 7 120,481{236.980
2 85.603 8 7 [21,002]245,342
3 86.096 8 7 119,586(227.480 223.733
4 87.421 8 7 118,993[217.259
5 86.261 8 7 116,527(191.593




110

Speci| Code |Dimension(cm) Weight {Slump|Ages|Ulti— |Compres— Weight |Compre
nen of (kg) (cm) {Days|mate [sive ‘Per ssive
No.‘ Struc—{Cross |Height Load |Strength{Volumn |Avera—
ture |Section i (kg kg/ma ge
KSC XSC
RVREL
300KSC
1 86.096 8 7 124,180}280.850
2 85.439 8 7 128,860(337.780
3 87.087 8 7 135,480(407.184 337.587
4 86.425 8 7 136,675[424.350
5 B6.590 8 7 120,580(237.672
A1avde
450KSC
1 86.530 8 7 {30,650}353.967
2 86.087 8 7 {34,786}404.080
3 86.210 8 7 {28,511|330.7186 366.314
4 85.603 8 7 132,752]382.603
5 87.251 8 7 |31,428(360.202
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Speci| Code |Dimension(cm) |Weight|SlumpjAges Ulti— |Compres—{Weight |Compre
nen of (kg) (cm) |Days |mate |[sive " Per ssive
No. Struc—|Cross |Height Load |[Strength Voluﬁn Avera—
ture Section (kg kg/mp ge
KSC KSC
Max.
Aggri-
gate
=1"
finavan
200KSC
1 86:420 8 7 (18,000]208.280
2 87.740 8 7 117,8801203.780
3 86.150 8 7 (18,5401215.200 215.396
4 87.080 8 7 119,800)227.370
5 86.530 8 7 119,500(225.350
RPREL
300KSC
1 87.360 8 7 |126,040(298.070
2 87.800 8 7 123,940(272.680
3 86.310 8 7 124,6601285.710 302.720
4 86.370 8 7 131,080{359.840
5 86.370 8 7 125,880({297.320
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Speci| Code |Dimension(cm) |Weight|Slump|Ages Ulti— {Compres—|Weight |Compre
nen of (kg) (cm) {Days|mate |sive " Per ssive
No. Struc—{Cross Height Load |Strengthi{Volumn |Avera—
ture Section (kg kg/ma ge
KSC KSC
GRERED
450KSC
1 84.785 8 7T 121,600|254.760
2 85.787 8 7 125,920(302.210
3 86.021 8 7 |130,0011348.764 326.897
4 85.120 8 7 129,875(350.975
5 84.998 8 7 32,110‘377.774
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WRN1TNARAYAT Compressive Strength mas Plain Concrete
200 KSC.
Speci| Code |Dimension(cm) |Weight|Slump|Ages Ulti— |[Compres—|{Weight |Compre
men of (kg) (cm) |Days|mate sive Per ssive
No. Struc—iCross Height Load |[Strength{Volumn }Avera—
ture |Section (kg kg/ma ge
KsC KSC
1 172.877 12.883 8 7 39,000({225.593
2 172.78B9 12.904 8 7 37,980{213.805
3 178.420 13.172 8 7 31,4221178.137 205.344
4 173.752 13.005 8 7 35,580]1204.774
5 179.197 13.434 8 7 35,555(198.413
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450 ksc
Speci| Code |Dimension(cm) |[Weight|Slump|Ages Ulti— {Compres—{Weight |Compre
Rnen of (kg) (cm) |Days |mate [sive Per ssive
No. Struc—|Cross Height Load [StrengthiVolumn Avera—
ture |Section - (kg kg/m3 ge
| KSC KSC
1 172.877 12.883 7 58,000{337.451
2 172.089 12.904 7 58,1501338.004
3 174.440 13.172 7 57,461329.407 335.885
4 173.751 13.005 7 59,6421343.261
5 178.137 13.434 7 59,0071331.243
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Speci| Code |Dimension(cm) |Weight|Slump|Ages|Ulti— |Compres—|Weight |Compre
men of _ (kg) (cm) | Days|mate sive Per ssive
No. Struc—{Cross |Height ) Load |Strength|{volumn (Avera-—
ture |Section (kg kg/m:‘ ge
KSC KSC
7w
V=1.4%
1 171.439 12.754 8 7 39,320(229.360
2 171.530 12.781 8 7 40,550({236.402
3 173.353 12.8986 8 7 41,730]240.723 238.642
4 170.950 12.718 8 7 44,4401259.959
5 173.528 12.909 8 7 39,350/226.765
1
V=2%
1 172.828 13.379 8 7 47,4801274.724
2 172.014 13.315 8 7 45,990]2867.362
3 172.634 13.383 8 7 48,740{270.746 269.913
4 172.945 13.388 8 T 45,1801261.238
5 173.217 13.409 8 7 47,4680(273.992
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Speci| Code |Dimension{(cm) |Weight|Slump|Ages|Ulti—~ |Compres—|Weight |Compre
men of (kg) (cm) [Days|mate [sive Per ssive
No. Struc—{Cross HReight Load |Strength{Volumn |Avera—
ture Section (kg kg/m3 ge
KSC KSC
o
V=1.4%
1 174.835 13.148 8 7 57,350{328.023
2 174.11? 13.09§ 8 7 58,3001334.840
3 172.344 12.960 8 7 60,475]350.897 342.224
4 174.152 13.096 8 7 62,250]357.4486
5 169.601 12.755 8 7 57,664{340.041
7w
V=2%
1 173.508 13.525 8 T 67,780(1390.8642
2 176.087 13.724 8 7 65,8001373.721
3 172.305 13.431 8 7 67,5701382.153 381.658
4 174.093 13.571 8 7 64,800;372.789
5 177.883 13.633 8 7 66,280378.878




WANITNAAAYN 5 A1 Tensile Strength 184AAUNTRAAIN 200 Ksc

117

Speci| Code [Dimension(cm) Weight [Slump|Ages|Ulti— |Tensile {Weight [Ten—
nen of (kg) {cn) |Days|mate {Strength| Per sile
No. Struc— |Diame—- |Height Load Volurn |Avera—
ture ter (kg kg/m3 ge
KSC KSC
1 171.817114.795 }30.3 12.888 8 7 18,920(26.869
2 168.851|14.662 }30.3 13.082 8 7 19,860128.459
3 173.723(14.872 |30.2 12.873 8 7 18,900|26.789 28.727
4 172.815(14.825 }30.2 12.889 8 7 22,600132.935
5 173.894114.871 (30.1 12.712 8 da 20,66029.384
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Speci| Code Dimension(cm) |Weight{Slump(Ages|{Ulti— |Tensile |Weight Ten—
REen of (kg) (cm) |Days|{mate |Strength{ Per sile
No. Struc— Dia&e- Height Load Volumn |Avera—
’ ture ter (kg kg/m3 ge
KSC KSC

1 14,750 |30.2 12.972 21,200(30.298

2 14.502 |30.2 12.767 20,981|30.498

3 14.436 {30.1 12.737 22,685A33.236 30.889

4 14.075 130.0 12.877 19,841(29.914

5 14.950 {30.1 12.828 21,561)30.503
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Speci| Code |Dimension(cm) |Weight|Slump|Ages{Ulti— |Tensile Weight Ten—
men of (kg) (cm) |Days {mate |Strength| Per sile |
No. Struc—{Diame— |[Height Load Volumn Avera—
ture lter (kg kg/m3 ge
KSC KSC
P
V=1.4%
1 14.845 |30.2 12.876 8 7 25,300(35.926 2,483.341
2 14.853 |30.3 12.881 8 7 29,920(42.324 2,455,318
3 14.795 30.3 12.79%0 8 7 28,490140.452 2,455.325}39.098
4 14.901 [30.3 12.975 8 7 27,920]39.387 2,455.307
5 14.798 |30.4 12.785 8 7 26,440(37.416 2,447,109
7w
V=2%
1 14.872 130.2 13.448 8 7 34,510{48.915 2,563.478
2 14.899 |30.2 13.138 8 7 31,710145.476 2,563.812
3 14.904 30.1 13.507 8 7 31,780|45.08¢9 2,571.812}147.086
4 14.847 |30.1 13.403 8 7 33,700148.007 2,571.820
5 14.865 {30.0 13.436 8 7 33,580)47.937 2,580.387




<4 ] . A o e
HanIINAaadn 5 a1 Tensile Strength nn1adama 450 XSC

-y {
1a4ABUATALETN WL LT

120

Speci| Code |Dimension(cm) |Weight|Slump|Ages{Ulti— |Tensile |Weight Ten—
nen of (kg) (cm) {Days|mate |Strength{ Per sile
No. Struc—|{Diame— [Height Load Volumn Avera—
ture |ter (kg kg/ma ge
KsC KSC
n %
V=1.4%
1 14.924 130.3 13.159 8 7 35,260(49.640 2,481.868
2 14.841 [30.3 13.008 8 7 32,440145.926 2,481.772
3 14.747 |-30.2 12.845 8 7 30,060(42.969 2,490.010(45.751
4 14.776 {30.3 12.898 8 7 29,100(41.378 2,482.194
5 14.862 [30.3 13.048 8 7 33,070(46.752 2,481.777
6 14.835 |30.3 13.000] 8 7 33,780145.842 2,482.197
P
V=2%
1 14.870 |30.1 13.537 8 7 46,472166.098 2,589.865
2 14,853 |30.3 13.507 8 7 44,700(63.221 2,572.633
3 14,857 (30.4 13.513 8 7 45,460)64.077 2,564.155|64.555
4 14.719 130.2 13.284 8 7 46,400(66.952 2,581.1486
5 14.842 |30.3 |13.487| 8 7 45,660 81.805 |2,572.580
8 14.917 |30.3 13.624 8 7 46,620(65.664 2,572.647
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(i A = WLIMLIAAZAYLAUATA
6., = Ultimate fiber temsile strength
T = Average bond strength
P = LﬁuiaUZUnaQLﬁuaua
Description{No.of Diameter|A=wD" /4] P=1D e {average 1
fiber (cm) (en®) | (cm) (KSC) (KSC) (cm)
Max.Aggri-
gate = 1"
f{
Strength
= 200 KSC 78 18 0.1320 10.1380 10.414712,925.1468 [31.1630 {6.1940
20 0.0860 [0.0058 |0.2702!5,197.8700 [37.7480 {5.0600
24 0.0505 {0.0020 |0.1588{5,064.3000 [32.3700 |2.3400
= 300 KSC Aala 18 0.1320 |0.1360 [0.4147|2,925.1488 |34.7200 5.5600
20 0.0880 |0.0058 [0.2702{5,197.8700 ;30.0750 |4.7000
24 0.0505 |0.0020 {0.1588{5,064.3000 |[38.6900 |3.23100
= 450 KSC ala 18 0.1320 {0.1360 |0.4147}2,925.1468 |38.3180 |5.0400
20 0.0860 |0.0058 [0.2702|5,197.8700 |33.9330 {4.1500
24 0.0505 |0.0020 10.1588|5,064.3000 [43.6530 [2.9300




122

Description{No.of Diameter A=¥D"/4| P=¥D 6@, Z average l‘=
fiber (ecm) | (em™ | (cm) (KSC) (ESC) (cm)

Max.Aggri-

gate = 3/4" .

Strength

= 200 KSC AR 18 0.1320 {0.1380 |0.414712,925.1468 |27.5450 |7.0060
20 0.0860 {0.0058 |0.270215,197.8700 [52.8180 |4.2300
24 0.0505 |[0.0020 |0.1588]|5,064.3000 |40.3000 |3.1650

= 300 XSC a7a 18 0.1320 [0.1360 |0.4147}2,825.1468 |34.82B0 |[5.5400
20 0.0860 |0.0058 {0.2702{5,197.8700 |[51.8850 |[4.3090
24 0.0505 |0.0020 {0.1588|5,064.3000 |40.9750 }3.1100

= 450 KSC A76 aW.| 0.1320 [0.1360 |0.4147|2,925.1468 |32.8550 (5.8730
20 0.0860 |0.0058 |{0.2702(5,197.8700 {46.2300 |4.8000
24 0.0505 [0.0020 |0.1588|5,064.3000 |40,2500 |3.1680
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Description|{No.of |Diameter A=¥D"/4| P=7D 6su {average 1
fiber (cm) | (em™ | (em) (¥sC) . | (KSC) | (em)

Max.Aggri-

gate = 3/8"

Strength

= 200 KSC A8 18 0.1320 |0.1380 |0.4147|2,925.1468 |18.5270 |10.420
20 0.0860 |0.0058 |0.2702|5,197.8700 |41.1070 }5.4280
24 0.0505 |0.0020 |0.1588|5,064.3000 |37.1630 |3.4400

= 300 KSC A78 18 0.1320 10.1360 |0.4147}2,925.1468 24.7750 |7.7900
20 0.0860 {0.0058 |0.2702}5,197.8700 |29.5450 |7.5500
24 0-.0505 |0.0020 |0.1588{5,064.3000 |[10.9700 |11.660}1

= 450 XSC AMA AW.| 0.1320 |0.1360 [0.4147]2,925.1468 |33.6080 }5.7400
20 0.0860 {0.0058 |0.2702}5,197.8700 |36.6980 |6.0810
24 D.0505 {0.0020 {0.1588|5,064.3000 {36.1450 [3.5400

# bond strength

n1dduaniaweLng
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200 KSC Vi = 0%
d = 15.4 cm.
b = 1553 cm.
Span = 50 em.
First crack Load = 2070 kg
First crack Deflection = 0.3 mm.
First crack Strength = 28.1 KSC
Ultimate Load = 0 kg
Ultimate Strength = 0 KSC
First crack Toughness = 900 kg-mm.
i5 = 1
{10 = 1
11015 = 1
200 KSC vi= 05%
d = 15.43 cm.
b = 15.93 cm.
Span = 50 cm.
First crack Load = 3075 kg
First crack Deflection = 0.5 mm.
First crack Strength = 40.53 KSC
Ultimate Load = 2250 kg
Ultimate Strength = 29.66 KSC
First crack Toughness = 1417.5 kg-mm.
i5 = 4127
110 = 7.423
110/15 = 1.798
200 KSC Vi= 07%
d = 15.23 cm.
b = 15.13 cm.
Span = 50 cm.
First crack Load = 3180 kg
First crack Deflection = 0.4 mm.
First crack Strength = 453086 KSC
Ultimate Load = 2490 kg
Ultimate Strength = 35.47 KSC
First crack Toughness = 1260 kg-mm.
15 = 3.369
110 = 7.827
110/5 = 2.323
200 KSC vt = 08 %
d = 15.4 cm.
b = 15.43 cm.
Span = 50 cm.
First crack Load = 3345 kg
First crack Deflection = 0.4 mm.
First crack Strength = 45.7 KSC
Ulimate Load = 2640 kg
Ultimate Strength = 36.07 KSC
First crack Toughness = 1515 kg-mm.
15 = 3.436
10 = 595
110415 = 1.732
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200 KSC v = 1.1 %
d = 15.13 em.
b = 15.53 em.
Span = 50 em.
First crack Load = 3480 kg
First crack Deflection 0.4 mm.
First crack Strength 48.94 KSC
Ultimate Load = 3105 kg
Ultimate Strength 43.67 KSC
First crack Toughness = 1290 kg-mm.
15 = 457
110 = 8.78
11015 = 1.919
200 KSC vi= 13%
d = 15.36 cm.
b = 155 cm.
Span = 50 cm.
First crack Load = 3660 kg
First crack Deflection = 0.5 mm.
First crack Strength = 50.04 KSC.
Ultimate Load = 3660 kg
Ultimate Strength = 50.04 KSC
First crack Toughness = 1537.5 kg-mm.
15 = 5.405
110 = 10.332
110415 = 1.911
200 KSC vi= 15%
d = 15.13 cm.
b = 15.6 cm.
Span = 50 cm.
First crack Load = 3375 kg
First crack Deflection = 0.3 mm.
First crack Strength 47.25 KSC
Ultimate Load = 2850 kg
Ultimate Strength = 38.75 KSC
First crack Toughness = 952.5 kg-mm.
15 = 5.405
110 = 10.332
nons = 1.911
200 KSC vi= 17%
d = 15.66 cm.
b = 15.83 cm.
Span = 50 cm.
First crack Load = 4365 kg
First crack Deflection = 0.5 mm.
First crack Strength = 56.22 KSC
Ultimate Load = 4140 kg
Ultimate Strength = 53.32 KSC
First crack Toughness = 21225 kg-mm.
i5 = 4.802
110 = 9.113
11015 = 1.897
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200 KSC = 2%
d = 15.23 cm.
b = 15.3 cm.
Span = 50 cm,
First crack Load = 3705 kg
First crack Deflection = 0.5 mm.
First crack Strength = 52.19 KSC
Ultimate Load = 4515 kg
Ultimate Strength = 63.61 KSC
First crack Toughness = 4425 kg-mm.
15 = 3.797
{10 = 5.974
11015 = 1.573
200 KSC = 14 %
d = 15.36 cm.
b = 15.46 cm.
Span = 50 em.
First crack Load = 3510 kg
First crack Deflection = 0.5 mm.
First crack Strength = 48.115 KSC
Ultimate Load = 3195 kg
Ultimate Strength = 43.79 KSC
First crack Toughness = 1560 kg-mm.
15 = 4798
110 = 9.5336
Ho/5 = 1.987
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450 KSC vt = Q0%
d = 1473 cm.
b = 15.03 cm.
Span = 50 cm.
First crack Load = 2650 kg
First crack Deflection = 0.35 mm.
First crack Strength = 40.63 KSC
Ultimate Load = 0 kg
Ultimate Strength = 0 KSC
First crack Toughness = 1462.5 kg-mm.
i5 = 1
110 = 1
11015 = 1
450 KSC Vi = 05 %
d = 15.46 cm.
b = 15.16 cm.
Span = 50 cm.
First crack Load = 3810 kg
First crack Deflection = 0.6 mm.
First crack Strength = 52.57 KSC
Ultimate Load = 1275 kg
Ultimate Strength 17.59 KSC
First crack Toughness = 192.75 kg-mm.
15 2.1
110 = 2.981
110715 = 1.389
450 KSC vi = 0.7 %
d = 15.2 cm.
b = 15.46 cm.
Span = 50 cm.
First crack Load = 2925 kg
First crack Deflection = 2.6 mm,
First crack Strength = 40.94 KSC
Ultimate Load = 540 kg
Ultimate Strength = 7.56 KSC
First crack Toughness = 4785 kg-mm.
15 = 1.652
110 = 2.324
110/15 = 1.407
450 KSC Vi = 0.9 %
d = 15.23 cm.
b = 15.46 cm.
Span = 50 cm.
First crack Load = 3240 kg
First crack Deflection = 0.5 mm.
First crack Strength = 45,17 KSC
Ultimate Load = 3045 kg
Ultimate Strength = 42.45 KSC
First crack Toughness = 1590 kg-mm.
i5 = 4.236
{10 = 7.156
11ons = 1.691
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450 KSC Vi = 1.1 %
d = 15.03 cm.
b = 15.3 cm.
Span = .50 cm.
First crack Load = 3405 kg
First crack Deflection = 0.8 mm.
First crack Strength = 4926 KSC
Uitimate Load = 2640 kg
Ultimate Strength = 38.19 KSC
First crack Toughness = 2025 kg-mm.
i5 = 4
1o = 6.24
105 = 1.56
450 KSC Vi = 1.3 %
d = 15.36 cm.
b = 15.46 cm.
Span = 50 cm.
First crack Load = 3240 kg
First crack Deflection = 0.7 mm.
First crack Strength = 44.41 KSC
Ultimate Load = 2895 kg
Ultimate Strength = 39.68 KSC
First crack Toughness = 1605 kg-mm.
5 = 5.495
110 = 10.383
11015 = 1.97
450 KSC Vi = 1.5 %
d = 15.23 cm.
b = 1553 cm.
Span 50 cm.
First crack Load = 4710 kg
First crack Deflection = 1 mm.
First crack Strength = 65.37 KSC
Ultimate L.oad = 4920 kg
Ultimate Strength = 68.29 KSC
First crack Toughness = 5370 kg-mm.
15 = 4275
110 = 8.078
110/15 = 1.889
450 KSC Vi = 1.7 %
d = 15.43 cm.
b = 15.6 cm.
Span = 50 cm.
First crack Load = 5145 kg
First crack Deflection = 1 mm.
First crack Strength = 69.26 KSC
Ultimate Load = 5520 kg
Ultimate Strength = 74.31 KSC
First crack Toughness = 5752.5 kg-mm.
15 = 4228
i10 = 7.149
11015 = 1.667
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450 KSC = 2 %
d = 15.16 cm.
b = 15.2 cm.
Span 50 cm.
First crack Load = 6015 kg
First crack Deflection = 1.4 mm.
First crack Strength 86.092 KSC
Ultimate Load = 5985 kg
Ultimate Strength = 85.66 KSC
First crack Toughness = 9435 kg-mm.
15 = 3.807
110 = 6.104
11015 = 1.562
450 KSC = 1.4 %
d = 15.3 cm.
b = 15.36 cm.
Span = 50 cm.
First crack Load = 3570 kg
First crack Deflection = 0.5 mm.
First crack Strength = 49.64 KSC
Ultimate Load = 3105 kg
Ultimate Strength = 43.13 KSC
First crack Toughness = 1627.5 kg-mm.
15 = 4373
{10 = 8912
11015 = 2.038

130



131

AW LOAD — DEFLECTION

c\‘ L - asr as
Na1Aa1avdaa 200 ksc



132

0%)

(200 ksc)

deflection (mm) = (23/1296) x WL"3 /EI
THEORETICAL LOAD DEFLECTION CURVE (Vf
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Aav7TwW LOAD — DEFLECTION

<IN SR
NMa1TAnI1agdgaa 450 ksc



deflection (mm) = (23/1296) x WL"3 /EI

156

load (kg)

350000
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250000

200000

150000

100000

THEORETICAL LOAD DEFLECTION CURVE (Vf = 0%)

(450 ksc)
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First Crack Strength Equation Y =11.437 X + 33.54 . Ultimate Strength Equation Y =33.73 X

CRITICAL VOLUME FRACTION (200KSC)

30

flexural strength (ksc)

20,

10

] LG ! ] ) i | 1

0 05 0.7 09 1.1 1.3 15 1.7 2

% fiber volume
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First Crack Strength Equation Y =19,164 X + 33.06 . Ultimate Strength Equation Y = 40.09 X

CRITICAL VOLUME FRACTION (450KSC)

S0 —

flexural strength (ksc)

I ]

0.9 1.1 1.3 1.5 1.7 2

% fiber volume
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