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A Study on the Mechanical Properties of Paper Black Liquor Modified Red Clay
Ba Haitao
Southwest Forestry University
[Abstract] This article takes red clay as the material, with the aim of reusing papermaking black liquor, a
by—product of the papermaking industry, and uses direct shear tests and consolidation tests to study the shear and
compressive properties of improved red clay under different dosages (2%, 4%, 6%, 8%, 10%) and difterent curing
ages (7d, 14d, 28d). Research has found that an appropriate amount of papermaking black liquor can enhance
the above—mentioned properties of red clay. The shear strength, cohesive force, and compressive modulus of
red clay increase first and then decrease with the change of papermaking black liquid content; The internal
friction angle gradually decreases with the increase of the dosage. With the increase of maintenance age, the

above properties of the plain soil did not show significant changes, but the related properties of the improved red

clay increased with the increase of maintenance age, and the growth rate gradually stabilized.

[Key words] red clay; Paper black liquor; Shear strength; Compression modulus

55
L, KA T3, Jk‘#t%ﬂﬁE T 4 e
TR LR, EE R S PSRRI,
TR R R R A, HAHE ) 24 HEE?LTRWI_J, HATHEN
PR R RAR B HOBBR & E‘Lrﬁélttjc JR AR 7 Sy
e HRTH M AR 2 K" AR R Skt
Bl KRR A7 R RE P RE TR I RER R, (A
JECR KRG G T, X 5 A IR B S A .
AR AR TR = BT, kR, B,
Y94 1/3 ATCHLY), 2 NaOH Fl S10.45; 25 2/3 MW,
BURARTRE . PR, BRATHLRS.

6 A AR S et R, B B BRSO R R R
NI TULLFE LA AR et N 1 2 AR (b Sl 5T
RIEACEAR N LR LR (R LR, i 2 TRERRZE, B4
AL A DL K IE S AR AL, S04 38 4G B 1 5 1
RS T BT %

1R s B 575

L1 a5 AR

L4+

PN 2 T EA I e N < P E B e = 7 N N il
Fel py Totth, HAAE SO 1.

* 1 AR EYELSE

= W %) JHPR %)

kR AL

RAETKE (o) KT HE g/ cn’

2.718 59.4 29.8 29.6

30.8 1.43

2 AR

M AR RIBOA PR ORI G AR, 5K 61. 2%, W fE

THRBSAF LS, ARERAERR ARSI 7750
AT

188 Copyright © This work is licensed under a Commons Attibution-Non Commercial 4.0 International License.



Journal of Project Management

LIRS
FS LN 2 A 1.062024 4
YEHA, W FS (SSN) @ 2737-4580(P) / 2737-4599(0)

L2 Wik &

T T B R G AC I B U SR R AN R B R (04 2%,
4%, 6%, 8% 10%)  ANFFEF R (7d. 14d. 28d) IR
PR R ZLFRG T BB R . USSR B FE AR R R4 R A R4
BEATIER ST, WITE M. B R T AR5
IR IR B A PR RE R R

AT IR IS AR AR L 4 i A B TR
LY (JTG 3430—2020) ' ohAH FeR i k4T o

1 HBRE0

AR R A DGR, BRIty 4805 S REEA T 8 D)3
%, BIYIEEZFE 0. 8mm/min. RAFERM EAE 61. 8mm. = 20mm
BIFRJJRFE . 8 il in AN [F)fr 2k (50kPa. 100kPa. 200kPa.
300kPa) , WA FIREEIPIBT R L A% -
FIBLBY SR LA R — IR PR B, 1k R B3 PG P 0 1 B4 L P B
B, WEECAFR D), MR B BB SR R bR

2 [H 25356

AARI R bn vl [ 545X, BRI 1) 4 24,
TR LB n, 43 %4 50kPa. 100kPa. 200kPa. 300kPa.
400kPa. TRFER S EAZ 61. 8mm. 15 20mm FIFRTIILRE, T8 i)
S AN AT R 110 1 2 3 T U0 S 2 (9 FLBR L, P AR 4
FLBREG T EORPE I 4 R A IR
2B ERE S
2.1 HETRE
2. 1.1 PBEi R 205 T P8y i R sy s R R bR I 5

300 [F=—50kPa 300 —=— S0kPa
.- |—e— 100kPa v —e— 100kPa|
M [—— 200kPal . S |—+—200kPal
” a4 |v—300kPa Z 200 v 300kPa|
— :\: . 2 — PN _ M
- L TA— o o N
- \ = .
100 =100 T
- . = —
0 0
0 2 4 6 8 10 0 2 4 6 8 10
Bt (%) Bk (%)
400 —=—50kPa
—e— 100kPa
. —+—200kPa
=300 v 300kPa
ay / \
&
;:x
2 200
=
100
0

Bt (%)
(28d)
AFIFRPEIY N R 203 R BT s B RHE B G R
HIE23

40 200 40 200
30 150 300 = 150
= A g < A g
= "~ 2 2 P 2
=20 y 1005 20 RN 1005
= S # T E
10 — 50 10 50

=)
=)
=)
o

0 2 4 6 8 10 0 2 4 6 8 10

B (%) BE 06
(7d) (14d)

40 200
e

150

W BESE S (°)
s 8
E

FE 1 (kPa)

=
<

0 2 4 6 8 10
Bt (%)

(28d)
Bl 2-2  RFEFRP N o R LR BBy s AN IS I R
fHh £&

o R 2L 1R B0 B 5l A 5 R (R AR A0 AT W Sk 1R S
JFIRAAL I FR , 4B AR 0—A%DX A, 50 R - FR 470 Y o R T 3 44 K
B awny, SR LSBT EIA R ok BRI 4%)5,
R R HTBT SR BT AR, B TR iy ani; b
BB RGN, WEEMKA N MR ESEART 4%
WA ISR T, MR 4%5, FENTREHE. R
K U], I N AR R AT AR TR L KT8y o B R R 2R
71, B IE AR I K S ELLRG R NPT R FRIG,
AT R MG AR AL LR 1 L0k [A]
JEERE SIWEAT R 1

2. 1.2 FRAP I 0S5 R 21280 R B iR e U BT s L bR

R

300 —=—50kPa 300 —=—50kPa
—e— 100kPa —e— 100kPa
v |~—+—200kPa e —a— 200kPa[—"
= —v—300kPa| ' = . _|—+—300kPa|—
£200p £ 200 "
< —_—— <
= tox —
= SE——— S
w00 L. 2100
B — — E
0 0
7 14 28 7 14 28
T (d) TRy (d)
(0%) (2%)
400 —=—50kPa 300 —=—50kPa
—e— 100kPa —e— 100kPa
—a—200kPa| —a—200kPa
=300 |+ 300kPa ——|-—v—300kPa|
=} o —— o
= o —_—
2200 .
= [ S —
= e
=] —
=100
0 0
7 14 28 7 14 28
TP (d) TRy (d)
(4%) (6%)
300 —=—50kPa [—=—50kPa
—e— 100kPa —e— 100kPa
—a—200kPa —a—200kPa
= —v—300kPa = —v—300kPa
£ 200 - = % ~
i — ’
) = — -
= PR
=100 = —
= = .~
0
7 14 28 14 28
FP W (d) FYEI (d)

(8%) (10%)
K 2-3  AFEBE T SRR U R SR b A TR R I
KA ML

Copyright © This work is licensed under a Commons Attibution-Non Commercial 4.0 International License. 189



Journal of Project Management

LIRS
FS LN 2 A 1.062024 4
YEHA, W FS (SSN) @ 2737-4580(P) / 2737-4599(0)

40 200 40 200

% 20 100X 220 1002
% ® B ®
= - . W& = &

10 50 10 50

0 0 0 0
7 14 28 [ 14 28
TRy (d) FRYE (d)

(0%) (2%)

40 40 200
30 _ 30 150 _
z - gz |7 g
w20l 10 220 100 R
% ® B I
= & = &

10 50 1of 50

0 0 0 0
7 14 28 7 14 28
TRy (d) FRPEI (d)

(4%) (6%)

40 200 40 200

30 150 _ 30 150 _
[ - - § < o £
% 20 100 & 20 1005
& ® B ®
= - & = &

10 50 of - —=150

0 0 0 0
7 14 28 7 14 28
TRy (d) FRPEI (d)
(8%) (10%)
2-4  AFHBE TSR LR P A IR bR AR R I
KA ML

BB SR S O R bR B R IR 4 e I (AR A O
WA YRR, M8 NGRS R R Bk febs kT
WAL, BEAS TR R IR MK X R R BT BT SR B A W)
BT N RN B TR B IR AT 1 B s BRI B
TR RS M AT Y S ARG . iR 45 SR U, TRy keI
AT LR R e R R B SRR e BB B AR AR o

2. 2 [ 4515

2.2 1 B0 5 R LA 1 I s A B 1) R

30
—e— 7d
25
<20
&
I8 15
g
S o
o 3
0 L
0 2 1 6 8 10

BE %)

2-5  AFIFRE I F R LR R A BRSO R
HIE23
RIS R HTRIL, 2B R PSR L
LR R, HRZLE L PR AR RE .

2. 2. 2 FR4 U SRS 50 R ZL R 1 1 s A )

—=— 0%
30 —e— 2%
—a— 4%
—¥— 6%
25 " 8%
— < 10%
’EQO S —
i# 15 - 3
=
g <
10 <
5
o T T
7 14 28

TRy (d)

B 2-6 REBE NSRRI =50 6 R
it 2%

W RIS KR R I, R L0 R b R RE R TR
IR KA R T E, B 7d-14d MBKEE B OR T 14d-
28d (¥4 Kl %

3.4

(1) 38 b R FH BB 40 A0 [ 45 S0 70 R B, BB
WK, LR EEEE IS A AR, PUiamss. R Rgd
BT G, (E S BRI A%V, Rk SO AR R R
MNBE, H4ad RS, SJORSCHEREH 2 SR T SR AT vk
e 2% LPTIR, &I ACEBIB N B R L5 v LAE L E 1
MPIEY . PURGATERER B B4R T, RAEB RN 4% 1,

(2) BEE TR WK, 2 LD IR . AR A
RN BRI AR R A A, (HE R R A ST
WIS REETE, AEBEAE I R (RS, SRTHIR B Ok, W
TrE.

EFd

(L1428 K RHE R ERIRE LA F M R
AL A 72 L0103 7 25 38 F$,2022,48(03): 1 7-22.

RIYEARERAFB L MREA R 4EHNFESTE
#4%,2016,13(07):1289-1293.D01:10.1971 3/.cnki.43—1423/u.
2016.07.010.

(300 2 25, 26 %, B 8 MM A o — R Ak 2o 46 £ 7 #
JF % v [01. K SCH T 42 #0%,201 7,44(03):86-92.001:10.160
30/j.cnki.issn.1000—-3665.2017.03.13.

(A1 A&, R, /N R SR BRI HER R L EDE
w7 R LO]. AR 4%,2016,19(03):571-577.

[51H e AR EME AR AR L TRENE (JT6 E40-
2020) [S1.Ab7w: AR WA, 2020.

HZEN. Bk (194.12—) , B, Wk, 5. B
RIEREEAN, BEALRFLARATRER, 21 RAELH
KA, ML, . EAKA, #HRFTE: #LITHE,

190 Copyright (© This work is licensed under a Commons Attibution-Non Commercial 4.0 International License.



