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Abstract: The thermal conductivity of calcareous sand affects the heat transfer process of the surrounding soil

and causes the change of engineering mechanical properties and disaster effects of calcareous sand at different
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ambient temperatures. The variation law of thermal conductivity of cemented calcareous sand with five different
cement contents (P.=5%, 7.5%, 10%, 12.5%, 15%) was analyzed based on hot needle method. SEM, MIP
and NMR were used to comprehensively reveal the essential characteristics of micro-pore structure changes of
cemented calcareous sand during the process above. On this basis, the microcosmic mechanism of the evolution
of the thermal characteristics above was explained. The results show that the thermal conductivity (A1) of
cemented calcareous sand increases with the increase of cement content (P,). When P, is less than 10%, A
increases linearly, and when P, is more than 10%;, A increases slowly. With the increase of cement content (P,),
the number of pores in the cemented calcareous sand becomes less, and the proportion of pores decreases
obviously. However, when P, increases up to 10% , the change of micro-pore structure parameters such as total
pore area, pore number and porosity stabilizes. The thermal conductivity (1) of cemented calcareous sand with
different cement contents is negatively correlated with the changes of their microscopic pore structure. The
reason lies in that the gel-like cement hydration products continuously fill the pores of cemented calcareous
sand, reducing its porosity and improving the heat transfer inside the sand sample. The macroscopic
performance is that its thermal conductivity (1) increases with the increase of cement content (P,).

Keywords: cemented calcareous sand ; thermal conductivity; cement content; pore structure; micro-mechanism
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Fig. 1 Particle size distribution curve of calcareous sand
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Table 1 Basic physical properties of calcareous sand
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Table 2 Main chemical components of cement clinker %
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Fig. 2 Test process of thermo-physical parameters of

cemented calcareous sand
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Table 3 Numbers of cemented calcareous sand samples
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Fig. 3 Variation curves of thermal conductivity of

cemented calcareous sand with cement contents
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Fig. 4 Schematic diagram of hydration process of

cement-cemented calcareous sand
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Table 4 The pore statistical parameters of natural

calcareous sand and cement-cemented calcareous sand

(b) KIS 55 Bihy P=5%

(d) IKIEIEEEAE Y P=15 %

() IKIERLEEAE iR P=10%

B 5 SEM E#%/(X200)
Fig. 5 SEM images(X200)

A BV B JE 7 0 TR R - 4R o i B A —
AL B RAR - R - BE 1 23 (R 254 (R 5(b)~(d) ) &
HE— 25 WL E% RN, R AR 85 o A0 JOURE 26 18T 4 A 5 AR £
i 3E LR (& 5(a) ), bl 25 7K U 43 2 (0 38 K, 45 i 10
TURL 25 T 1) L B2 7 i S 78 - Po=5040 I, &1 5(b)
A Y BT X0 5% 38 45 I A IR 2 1T FL B, K b R AR
14 B 5 7=y SR A L, R TR X Y L B IR
B P=10% B, 7K 1 e 8 7= 9y ik — 25 31 50 465 i 0
WOURL ) 2 1T AL B, 8 43 38 LB o8 4 B BT A L
P=5% B, FLBE R F i 2 A8 /N /INFL R A3 Y G 4
2, Uk B K A J5E B 77 1 %o 5 TR 1) S 45 R KA
FE T 0% MRS SE W , anE 5(e) s s Pe=15% B,
5 I R 2 T FL R L 28 52 4 WK Ak i Bk 7R ) 3
FLER T EE RS E SR B S P EAR
FI) Y Sk 8 o D UKL AN AR AL B o fR G ET, K DB
T PO 6 IR A e 4 R R A v

R T — 25 4y BT R 0 O AL B 2 ) A
k38 F PCAS #AF2"%F I & SEM % 1k 47 4b 3
BRENFLBRM G S50, WAk 4.
2.2.2 MIPR®BZR oM K6 HANFEKIESR
Ji 235 5 S b 1) MIP IR 6 i 2. iR 6 (a) AT LU
B LA Y 3G O FLBR AR AR BT i R e AR R AR
AL FNIA 0. 01 mm B T4k 20m0 T B, B0 KR 45
Jo R 0K IR e 46 4 S5 A G R 1 L Bk AR K 2 A e
7£0.0l mm L . BEEKIe48a Pyis K, Ay
FLEE B AR BUR IS /N, ToK e 18 A (R SR 45 b )
IR FLBR SRR R B K, KR 4B B 15 %6 B AR FL

LS KRS b KU 45 4 5

e P=0% P=5% P=10% P=15%
EGmA 714752 714752 714752 714752

BALER

239 299 54 792 6390 5 349
[ESEAIEA
FLB R 264 69 11 8
LB/ % 33.48 7.67 0.89 0.75

B SR AR R N BB W AR 5. IR 6(h) Je T
Ji5& 245 45 Jo D vp A ] R AR AL B Y 20 A 15 B0, e TR T
R AN R K e B A J 4 5 S5 b o AL B 24 23 A 42 0. 1 mm
RLAR B 3T, LA O v B B — A BE I B4 32 A
X5 B K YR 45t 0 4 K, % T 06 JE o A il 2 Y i
(B 58 W AT, A1 DX T AR 9 /N, 3 W e 45 4
J A v AL B AN BB Dk 2L

o
wn

o —== 0%
o0
504l
£
R o3l
*®
+
éyg 02}
!
;fé ol
H_Q 0.0
000001 00001  0.001 0.01 0.1 1
FLB B AR/ mm
(a) RFHEFLAMFLBRIRF Rl 2
0.10
~ —=—0%
‘Sﬁ 008}  ——5%
& —10%
=19 0.06 —15%
£
2 omf
=
2 00eF
®
0.00 L eigges
000001 00001  0.001 0.01 1
LR E AR/ mm

(b) FL B 55 o3 A7 I 2k
6 REFRWHNILESHELE

Fig. 6 Pore size distribution curves of cemented

calcareous sand
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Table 5 The pore statistical parameters of

cemented calcareous sand
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Fig. 7 NMR curves of cemented calcareous sand with

different cement contents
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Table 6 T, curve areas of cemented calcareous sand with

different cement contents
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Fig. 8 Total pore area curves of cemented

calcareous sand with different cement content
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sand with different cement content
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