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Relationship between Unconfined Compressive Strength
and Shear Wave Velocity of Cemented Sands
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Abstract

Cemented soils have been widely used in road and dam construction, and recently ground improvement of soft soils.
The strength of such cemented soils can be tested by using cored sample or laboratory-prepared specimen through
unconfined compression or triaxial tests. It takes time to core a sample or prepare a testing specimen in the laboratory.
In a certain situation, it is necessary to determine the in-situ strength of cemented soils very quickly and on time. In
this study, the relation between unconfined compressive strength and shear wave velocity was investigated for predicting
the in-situ strength of cemented soils. A small cemented specimen with 5 cm in diameter and 10 cm in height was
prepared by Nakdong river sand and ordinary Portland cement. Its cement ratios were 4, 8, 12, and 16% and air cured
for 7, 14, and 28 days. For recycling of resources, a blast furnace slag was also used with sodium hydroxide as an
alkaline activator. The shear wave velocity for cemented soils was measured and then unconfined compressive strength
test was carried out. As a cement ratio increased, the shear wave velocity and unconfined compressive strength increased
due to increased density and denser structure. The relation between unconfined compressive strength and shear wave

velocity increased nonlinearly for cemented soils with less than 16% of cement ratio.
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Table 1. Material properties of Nakdong River sand

Specific gravity Gs Dio (mm) Dso (mm) Cu Ce Emax €min USCS
2.637 0.19 0.24 1.32 1.04 1.181 0.849 SP
Table 2. Chemical composition of blast furnace slag
Component SiOz CaO Al203 Fe MgO S MnO TiO2
Content (%) 40.22 23.11 22.87 7.01 3.14 2.03 0.60 1.02
100 Nakdong River sand
90 t Blast Furnace slag
S 80
= 70
2 60 t
= \
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B \
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Fig. 1. Grain size distribution curves of Nakdong River sand and
blast furnace slag
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Table 3. Results of unconfined compression test and shear wave velocity measurement
Cementing Curling Cemlent Dry Water Unconfingd Shear wave Shear
material period ratio densnsy content compressive velocity, Vs modulus, G
(days) (%) (g/cm®) (%) strength (kPa) (m/s) (MPa)
A 1.534 0.72 504 749 860
1.529 0.79 395 735 826
8 1.611 1.11 1,027 780 980
; 1.613 0.91 1,350 788 1,002
1 1.636 1.40 2,501 891 1,299
1.647 1.62 2,414 884 1,287
16 1.688 2.00 3,047 924 1,441
1.699 1.87 3,125 962 1,672
A 1.540 0.72 323 665 681
1.535 0.79 593 603 558
1.606 1.12 1,650 823 1,088
Ordinary 8 1.612 1.14 1,675 836 1,127
Portland 14
cement 1 1.660 1.16 3,249 964 1,543
1.654 1.77 2,989 970 1,556
16 1.697 1.99 3,641 1,074 1,957
1.692 1.73 3,899 1,064 1,916
A 1.541 0.60 461 591 538
1.541 0.34 502 584 526
8 1.620 0.94 1,914 811 1,066
o8 1.611 1.60 1,804 801 1,034
19 1.662 1.66 2,755 941 1,472
1.677 1.15 2,792 943 1,491
16 1.707 1.77 4,034 1,044 1,861
1.710 1.53 4,418 1,047 1,875
1.641 0.69 665 474 369
4 1.648 0.73 741 486 389
1.649 0.80 851 513 434
Blast 8 1.650 0.79 835 511 431
furnace 28
slag 1 1.681 0.75 955 544 497
1.682 0.85 1,036 547 503
16 1.685 0.86 1,161 602 611
1.685 0.86 1,202 610 627
DADHS| Y=USAE MHISE A2t 69
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