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Abstract

This research aims to study mechanical properties and creep
of steel fiber reinforced high performance concrete containing
ground coal bottom ash (GBA). A very fine bottom ash, particles
retained on a No.325 sieve less than 1% by weight, was used to
partially replace ordinary Portland cement at a rate of 70% by
weight of the binder. In addition, straight steel fiber (length of
13 and 20 mm) was used in concrete at the rate of 0.5 by
volume and hooked-end steel fiber (length of 35 mm) was used
at the rates of 0.5 and 1.0% by volume. Water to binder ratio of

0.27 was used. The slump flow was controlled between 650-

750 mm and time at a flow diameter of 500 mm was maintained
between 5-20 seconds. The results revealed that the high
performance concrete containing 70% GBA with 1.0% hooked-
end steel fiber could develop the compressive and flexural
strength up to 80.4 and 10.2 MPa at 28 days, respectively. The
flexural strength and toughness of concrete were significantly
improved with the fiber length. Moreover, the creep strain of

concrete was reduced with the increase of fiber content.

Keywords: High volume, High-performance concrete, High-

performance fiber reinforced concrete, Bottom ash, Steel fiber
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Tensile | Young’s
Diameter | Length | Aspect
Steel fiber shape Strength | Modulus
(mm) (mm) ratio
(MPa) (GPa)
Straight 0.20 13 65 2,750 200
Straight 0.20 20 100 2,750 200
Hooked-end 0.55 35 65 1,345 200

* dayann USYn 1ea.015 lnues 9177

2.4 grsanthiiay

Tdarsanuinfidwlszinn F vila Polycarboxylate Tusnsidau
Jowar 1.1,2.0,2.4, 1.4 uay 1.6 lnsuminvesianuszaiu wie

AIUALAINITINBUNVRIABUNTANNTINAUA Fap15197 2
2.5 nrsadeuaNUAN NMenINuazaNTAN A Tan Ussa1u

audfnienenmrendifunuaazdeadivinisnageu laun
amNazid salagisnisTeunuuldun (Wet Sieve Analysis) m1u
11AIFIU ASTM C430 [15] AUANTNNIEVITAAAIUNIATTIY
ASTM C188 [16] uwasnaaaumasrUsznaumuninienies X-Ray

fluorescence spectroscope (XRF)

STR21-2



i’uﬁ 24-26 AN 2565 .1T89518

e

M5Us2gNAININTIAINTIUIESWNINR ATIN 27

The 27t National Convention on Civil Engineering

August 24-26, 2022, Chiang Rai, THAILAND

M15NN 2 EUNANADUNIAFUTIOULE

Mix Proportion (kg/m?)
) SP* Slump Flow Tgo™*
o Cement GBA Fine coarse Water Steel Fiber |(% of binder) (mm) (seconds)
Aggregate Aggregate
T0GBA 180 420 890 731 162 - 1.1 710 10
T0GBA-SF13-0.5 180 420 890 731 162 39 2.0 710 15
T0GBA-SF20-0.5 180 420 890 731 162 39 2.4 650 19
T0GBA-SF35-0.5 180 420 890 731 162 39 1.4 710 10
T0GBA-SF35-1.0 180 420 890 731 162 9 1.6 700 17

* SP = Superplasticizer ¥3oa15am Ay

* 790 = Sygaa71999MITIVaT 50 (WUFIIAT

VIIENE): TOGBA = 117U IURasidgaunuiyudiuusluusuasesas 70 lnguminvesdagussard uay 70GBA-SEXX-Y.Y = i 1dumunasidenunuiyudisnslu

Vsusagay 70 Wnerhminvesianussansauiuaulemnuuinnaimerd XX sy, isuasesas v.Y lngtSuinsveineunse

2.6 dWHIULIZNITNATOUADUN T

o v w a A a 9 ' v

i uaazdeaunuiyuiiuudludasidiuiesas 70 lny
nidnvesiaguszau Idulowmanuianse Anues 13 was 20

v I3 a [l a

. wastdulemdnalinseuany amend 35 wu. ludiunauneunin
dnsnddenaz 0.5 lneUsunsvesreunin uagléidulowdnuiinge
Uangludnsniesas 1.0 lngUSunsvesnounindnviladiunas yn
druranivuaUsinadagUssauasiviiy 600 n/u® Tddnsnau
wwiedaguszanuwiriu 0.27 vinsaauauAInsivaunsening 650-
750 U3l WarAIUANITEEIA1YeINTIvaa 500 Uy, agluriesening

a a

5-20 UM

va o

{33ulavin1maaedldiuasunInaussousg e Lo 1duien

U

=~ S — sy 5 o o v
‘U\'ﬂaxL@ﬂ\'ﬂLLWUWQU%LNUGW@Uﬁ% 70 Iﬂ&lumuwamﬁﬂﬂizmu Lan

o

N

o

WU ABUNIAUBNANNLAINEHNTALUNTIIN N UNATURALHANaIDR

o
= o

P o ' = v aaa o o a
ey 28 Ju ganmeunsnAIuANLd UfAselamstuiminiudng
= = o9 v a o w w ! v, 1Y) I -
Wgane s lviiAnidednlugsengsu (3 Tu) aglunueives
a ! = a
ABUNINANTIOULEY lngdlunanvesnauniInnandlumsied 2
nsfnwiinisnaaeunisinawivesraunIn AULINIZIU ASTM
C1611 [17] MAAOUNAIBATBIADUNTA FANULINTFIU ASTM C39 [18]
87y 3, 28 wag 90 Tu naaeulugdadavguveinounin Moy 28
T MUNINTFIU ASTM C469 [19] NAdUMAITULTIAAYBIADUNTA
191g 28 TW MULMTFIL ASTM C1609 [20] wenanilinnmaaey
N15AUYDIABUNTAMINNINTTIU ASTM C512 [21] dauanslugui 2
Tngliiusanserhdravinduiesar 40 vaer1GI8AT0IABUNTAKA
o ' o~ ' o v oo
freganaaeuiiiiengnsuy 28 Ju naaeulursmageufiinig
AIUANEMIWINAY 23x1 Barwalua uazaNUAUINSTEe
Wiriu 50+4% paenszEzIaINITMAdeY YMSiunan1IvaaeUYN
Tudusvzioa 1 dUai anduinisiiunaniseaaunndunim

udesreLan 91 Ju

Tngnsldansanrfiay Felud o udiunaunananiil

FUN 2 MIvAgeUNSAUTaIABUNTA

3. WNaN1IAdY
3.1 auuanNnIgnImLazaNUAn NadvesTanUsraIu

M3t 3 wansautBnisnienmaesyudsndesauaud uaz
WnAueueagilden wudududdesawaudiivuineuniafng
PEuNsnUed 325 fouag 11.35 lnstnin luvasiidaduimn
UAAZLBUATYWINDUNIAANUUAELNTY 325 WinduSevar 0.44 Lag
dhvidn §991n91uddeiiiiunmudndifunnfidauazoags

aaa

ansniufiseenleaudivu [2]

STR21-3



Suft 24-26 Fevau 2565 2.1 T8930

[

N5UsEYUIVINIIAMNTTUTETAR ATIN 27

The 27% National Convention on Civil Engineering

August 24-26, 2022, Chiang Rai, THAILAND

A19199 3 audAnanennveianUseanu

Materials OPC GBA
Retained on a No.325 sieve
11.35 0.44
(% by weight)
Specific gravity 3.15 2.65

X4 a ¢ a a s %
wenNieNsUIRIRYTENDUNINATIVBIYUTUUA wazLi

v a o a "y v a a
Aupunaziden aaanddunsed 4 nudndifuniunazidend
Si0, WussdUsenaundnuiniusesar 63.2 Larinasiuveal3unu
Si0,, ALLOs Uaw Fe,0, WinfiuFeay 94.9 FeaenndesiuianUewly
a1u Class F Ainvualilaguinsgiu ASTM C618 [22] fiszulinn
NasIHURIUSU SIO,, ALO; WY Fe,0, fadlitiouniniesay 70
Tagtwmiin syuvieUSunaYee SO, waga LOI dealiiiiuioay 5 way

6 lngrinvtinvesianUszay My

= 3 a o
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Chemical composition (%) OPC GBA
Silicon dioxide (SiO,) 20.9 63.2
Aluminium oxide (AL,O,) 4.8 24.4
Ferric oxide (Fe,0,) 3.4 7.3
Calcium oxide (Ca0O) 63.3 23
Sulfur trioxide (SO;) 2.7 0.1
Magnesium oxide (MgO) 1.3 0.8
Sodium oxide (Na,O) 0.3 0.4
Potassium oxide (K,0) 0.4 1.3
Loss of ignition (LOI) 29 0.2
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This study E.-3.620,/f
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Modulus of Elasticity (GPa)

@ 70GBA (28D)
@ 70GBA-SF20-0.5 (28D)
X TOGBA-SF35-1.0 (28D)

A TOGBA-SF13-0.5 (28D)
+ 70GBA-SF35-0.5 (28D)

—
o

8.2 8.4 8.6 8.8 9.0 9.2
Jf'c (MPa)
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