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Effect of crushed limestone replacement with river gravel on the mechanical properties

and economic viability of concrete
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Abstract

This research aims to evaluate the technical and economic effects of partially replacing
crushed limestone (C) with locally sourced river gravel (G) on the mechanical properties of
concrete, under conditions simulating practical field applications where water content is
adjusted to achieve suitable workability. The experimental program involved mix designs with
river gravel replacement levels of 0%, 50%, 60%, 70%, 80%, 90%, and 100% by weight of
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coarse aggregate. This adjustment resulted in a decrease in the water-to-cement (W/C) ratio
from 0.457 for the 100% crushed stone mix to 0.424 for the 100% river gravel mix. The 28-day
test results indicated a systematic decrease in compressive strength as the river gravel content
increased, from 278 ksc in the control mix to 188 ksc in the 100% gravel mix, a reduction of
approximately 32%. Conversely, the splitting tensile strength exhibited a different behavior,
peaking at 29.7 ksc for the mix with 70% river gravel (30C70G), which was 16% higher than the
control mix. A techno-economic analysis identified the 50% replacement mix (50C50G) as the
optimal balance, achieving a compressive strength of 250 ksc (98% of the design strength) while
reducing coarse aggregate costs by approximately 29.7% compared to the mix using only
crushed stone. Therefore, the partial replacement of crushed stone with river gravel presents a
viable alternative for producing structural concrete in regions where river gravel is an

economically advantageous local resource.

Keywords: Coarse aggregate, River gravel, Crushed stone, Mechanical properties, Cost analysis
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(kg)  (kg) (ke) (ke) (k)
100C0G 328 851 1028 0 150
50C50G 328 851 514 514 147
40C60G 328 851 411 617 145
30C70G 328 851 308 720 143
20C80G 328 851 206 822 140
10C90G 328 851 103 925 140
0C100G 328 851 0 1028 139
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NISMIAIRYRANULULLALANET (BS 812)
N15NAFEUAILEIUNIUNITENUTElAELAT O
ADALDULIAE (ASTM C 131),
z:m?iﬂwazLLazmi@ﬂ%mjwmmaswamﬁam
(AASHTO T 84) hazulasiunienu (AASHTO
T 87) soudsnismAmhetmdnuazdesinduy
128528 (ASTM  C29/C29M)  d1nsunsin3e
fi0819A8UNSTA LAIN1SNaeR19819AY
WINIFIW ASTM  C192/C192M-14 Tnglddangns
5UNTIQNUIAAYUIA 10x10x10 LYuURLUAS
dmiunsvedeumdeiunssdaiieny 14 uay 28
C39/C39M-21 uag
AI08193UNTINTEUBNIUIN 15x30 LYURLUAT
F1USUNITNAGBUANSIATUNIULTIALLUURITN

ANTRIAIAINY

U ANUUINTFIU ASTM

(splitting tensile strength) ﬁaﬂq 28 U A
M9 U ASTM C496/C496M-17

NANISNNABILAZIANTAINE

1. ANANUANINIENTNYBINIATIN

HaN1IVAaUANANURYDILIATINNE VLAY
InaTazBuauandlunsed 2 wag 3 audidu
Todunafiddyfe Audes (O Td1Ady
f99UNNEII (2.71)  wariesazyesing (41%)
geninTInuith (6)  Fafien 261 uay 35%
AUEIRY ALAnsdaTeud sdnwaiE g
mMen sy Tnofiugesiisunsamasusai
TfinsdaFeedfiliuiuiiinsaaifidnvas
nauuundl Jedsnalviusuiamoeinaseniig
BUNIANINAT [9]

1
wa A

Gl’]i’]\i‘i/l 2 NaNIINAFDUAMANUANUZIUYDINIG
TIUNNYIU

Han1sVAaRUANANUR w9
RN UM

AlugRanNazLden 826  9.09

(fineness modulus)

FutlAULUY % 20 27

fuiaue1d % 27 25

S8ATAUAIUNIUNTTS 27.8 25.2

Ind %

AMUDWTUNIZIIU 2.71 2.61

ORREARNERN a1 35

Gl']i’N‘VI 3 NANINAADURETNY WUE’]'WUEN%H@

SR
318013 NANIINAFOU
GRIMIRGERRNGEETRL L 2.50
(fineness modulus)

Aade AUEIEIINE dm 2.60
(oven-dry)

Aade ANLEE I 2.62
BuRITH (SSD)

Al AT 2.67
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