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Application of brick slag mixture in heavy duty pavement structure
based on Bangladesh standard
FAN Xueyong, MA Qiang, DENG Xueying
(CCCC-FHDI Engineering Co., Lid., Guangzhou 510290, China)

Abstract: Due to the lack of natural stone in Bangladesh, some structures generally use brick slag mixture
instead of stone. To reduce the amount of crushed stone in the pavement structure of the port area, this paper designs
the pavement structure of the port area based on the Bangladesh standard, and optimizes the standard gradation by
the Taylor n method with the crushing rate as the control index. The material properties are analyzed according to
California bearing ratio( CBR), unconfined compressive strength and dry shrinkage test. The results show that during
the compaction process, the brick slag mixture is prone to secondary crushing, which affects the gradation
composition. It is necessary to optimize the gradation of the brick slag mixture. The compressive strength and CBR
value of brick slag mixture are positively correlated with the cement content. It is recommended that the cement
content in the heavy duty pavement structure of the port area should not be less than 6%. The drying shrinkage of
the brick slag mixture is large, and the mixing water can be reduced by secondary stirring to reduce the shrinkage
strain of the material. Based on Bangladesh standard, the application of brick slag mixture significantly reduces the
cost and has good engineering applicability.

Keywords: water stabilized brick slag mixture; unconfined compressive strength; CBR; dry shrinkage strain

TEANAE 11 T REHE XN S Al T 25 A i T A2 v CTB ( cement treated base) 251 E, HA T KT
b FE J2 A4 81 RR PN A5 HE 3 22 R ] CBGM ( cement FROERA M B, BT S5 i T I FE R E
bound granular mixture ) 25848}, S8 FEbRiHE 32K WA o o B ] M ALk 8 Y] 1A 37 2 5 ey 3 o AR

Yfs B EE: 2024-03-20
YEEBEN. CFF (1992—), B, Mt, TEF, NFhoddfds T2E,



- 302 - K idz L A2

2024 F

=AU, X KRR A MR =, S
SR FIVKE) SFUH) T8 R T RBE R 1) 40 445 200 e i 1 AR
Brreh, A0 XSS 21 R 1R e 1 ARF
ARE, T RRAR AR S A, I Y AR 2
PREE S0 FB IR

Ttz s R B 25 58 L 21 0% 42 R G TE
SEPRERE, SR RDRE e A PR | B AN .
A A REALEE, i £ S0, AL,O,
Fl Fe, 0 S BF X it i 1R G ORE LA B4 R B - 5
AR A MR, B AR AT T RS
Arisha 25 PVERXPANTE] ISR TR EE T B AR IR &
BHEEHITEREEATIE G, 25 R B — @ B i iy
T TR B 24 VR 5 R 1Y ] S5 A 5 AR M 7K 4% L
(CBR) iff /& 6 1f 55 2 m MEREHE AR5 Liang 550058
AR A KRR A R AR RL, s B R
50% I 7K Fe 4 R ) TG A BIR 470 1 5 2 3k 3] e vl 1A,
ARG TNk 5 15 BRI TR OB B2 AR SR
A5 U3 3 A R RS 4 X 30 T 9 K A 45 e N KRR
AT MR M, PG 45 3 I 5 BOK Fab R
SREE | Wi FNHT R M RE AR, il i LTS R A
BOR, KERRE AT e AR R ARG LU BN R
T 70% 5 X155 X A0 K G E B A0k AR IR A
HATRRSY, S a KR E AR, AR+
fite 1) TEAMN BIR 7T 1 588 B Ay AR 45 e R 0 300 11 348 o v
B, EAEBARAT IR A5 5 0 40 5 40 i
Ko BINATIKAF T o P A TR A B KBS E T
FyTHE v, S BAOW o T TE B e 4 % A TR G
BHES SSEALT , IS5 R B H R A KR R,
PEMTCGE B R A B PR B BT 2347 2R T
KRN LU PR IR B ORISR, SR JH B 2R 9 L Y
GEA AP TR GORL0R BE e, EL U 2 R
K, MIT LG % H B R AR, SRR AR
RAZE R 5i B Fe 1K

ARIC LA ST [ B A Sk W ARAE, XK
FRBR AT I IR R L T 11 Bl THT B S22 4 4 )
MPERESEATHISE, IR TR BT 04T

1 REREFERBEEHESL
1.1 BEEink iR
5HENERE - ARG R, &
MR S5 1 fite 5 A S IR ST 3 b SR b R, 1
SRRV 58 I 21 e LA HEA T HLAR BN T
TR B BRI EA AN & A BT, L%
A B AN AEAE A LA B R 5 5 | Ak 1 1 3 2R
DL 1, AR R T 5 X R A 7 e T TR
BRI BE) 22 RE AT b, R ZS SRR 1, 2,

B 1 ER s LT R RFRS

x1 BRETERIIMIRRERERNER

KB/ SERE/ ROk g BE/MPa Rz R
mm o mm FEUKN SRE/MPa P pRfEl s RES

235 111  121.58 10.9
235 111  134.26 12.0
234 111 142.47 12.7
234 112 128.73 11.5
235 112 138.36 12. 4
235 112 118.05 10.5
235 112 125.14 11.2
234 113 134.16 12.0
235 113 140.07 12.5
235 112 131.41 11.7

11.7 10.4 0.72 0.06

F2 REEEAYIE R

T ERI%  FHE/ (kgem™) MRS/ (kgom ™)

JEWEE/% g APBSR/% SRR % BRE%

<l 2507.5 1247.3

0 0 <0.2 0.27

PEREH B T 105 CHLFATPL T = &, A
JA LA 0. 075 mm ARl GHE LIRS THR B,

X 2D G RETE AL AT R A A2 i Ay, A5 Rk
AL i A~ gl B2l Sio, Al ALO,, L3k 3,



%8 TFF, F. ATHEmBEENTAEREAEER TR @ EH T8 A - 303 -

x3 BHELERSEE %
Si0, Al 0, Ca0 Fe, 0, MgO Na, O Ti0, S0, K,0 oAt
62. 1 16.3 1.7 8.67 2.4 0.8 0.9 1.1 2.53 1.5

1.2 fliR AR T

Y T i o B e . AR AR RE IR T A i
W, AR A G i R S A il s B AL A A
SE4% HRLBURE B A1 B ZR S, 1l v KL RHIE Y
B ARGEAE M LA 7R A2 B R AT 85 T SR ] A o 4 S 2
45Ky, MIREEMRHR AL IR, IS MRS R
B Ik BOR G BN TR 3R, AR 8 5 K % 5k
FE M2 B8 DL 8 n Y5 BTG TR BRI 2L,
S GORDRLE R

Px:IOOx(fg) (1)

K, d W x FAERDRIAE ,mm; D ik IR AR
i RRAR, mm; n IBIRRE; PR x HAE
BHEE L %, %

HFRAEKT 4.75 mm BRI RHEZIR A R
HRRM EZA BT, 456 RS RRRLAR 1 43
X, ACLL 4 mm RARIEM | QBRI FL;
A n PAHE A BRI TR, RIET AR
B n AEFEHIH 0.25~0. 507 255 HkbR BS EN 13242
HiX) CBGM R BHR I I oK, TR EL RIS
ey ERR . {E . TFERRKIEILA 2,

100

—A— Y BRR
—o— it MR
—%— {HRRE
—o— I

80

60

40

i3 %

20 +

0 1 1 1 1 1 1 1
32.00 20.00 9.50 6.30 4.00 2.00 0.50 0.25 0.06

it LR} /mm

2 RITRE S RE

TR AE R R, Gl il 228 n IE AR A BT
FECAT A ERbS 2K, HAERLE B 2% B T 1] P9 2 Y
AR T ORARSERIAY 5 L, JF48 w2 AR R 75 6
TEPRIETR G R MUK BB JEE M B AT F, Pl
HUEERHORAR, S INAn SRS AR 2 B, $2
TRA R R S MR RE

L3 IR A RR S

XGRS SRR HEA TIEY A0 HT
it T Fad AR X e v e SRS IR, 1 — 2D R i
THRBCAIPERE . AR ALt T i vh PR 2 He B AL 5
i, SRR 9 I 150 mmx 150 mm A5 ifE
RO, SRJ5 dEAT i, k1 24 o ka1
SERHIEAT IR 430 X b s S SO Tl 5 RLBURL I 2 5
Ak, b s S A AR R SR Y R 5 e DL K AR
BHBRERE L, LA 4 mm PG40 86} i 47 IX
g3, BRI

P,

B,=—x100% (2)

4
Ab: B, WL 4 mm Jy F5 0 0 £L A 42 RL I R
AP, RJESCHT e RLBORL (B4R =4 mm) & &AL
W, %; P, AR SHTHLBUOR (B4R = 4 mm)
L%,

Hr TR AORHEHER B, JESTLE LA 3,

MR %

Papin TP EE
FAUEAY

B3 BREEERABNER

M 3 nl g, RBhE SR 2 PR BCAYIR & R
A AR RS B AR, BT A B R
HE L FEAR T 5. 5%, Ud B 76 TR A k0 R S 5 2
H, BRI PORARAE 4 mm DL A RELAE R A
B AR T P E BT AR, G 48 8 n YRR
THI TS 2 AR AR > SR AR Sk & B, AT e
At S 3k TR X 8 43 kL AR BRI BB RRAE T, X 3
IEREE S Siy iR e S S N R e e S e
2SR, $ 1R GORE I S DL R



- 304 - P A

2024 #

PRECRERE S, MBI SE, a2 8 n kit
AR G R SEEE TR TR R, T AT AR
R A R B AR

2 KiRRERERGREE
2.1 Jof R4 R

HRAE R Ty R, 763K B R A 8
7K 24 h JE XSRS A AT A, DIR ARG
A BRA7C He i B A R X 4% % A= 8 191 1) /K AR i 15 1R
B RHPUR SR BT 00, ARDK I8 oK Rk
EIRAEL 7 d JOMI RS aE B 25 SR LR 4, 45 1]
TG BT e 3 B 45 SR LI S

2.5 -
2.0
£
=
® 15
o
b=t
= 1.0
%
0.5
0 1 1 ]
1 3 6 9
KB
B4 7dLMRHTERE
3.0
2.5

20 |

TCMBRYTHE 5 £ /MPa

1 ]
3 7 14 28
##391/d

E5 &“EH (6%kik) TMRHERE

S LG5 KRS MR it B 1A R 28 AL, FEAIR
7K e 700 g B i 7K 9 ) 2k 1 0 7K e e v TR G ek 5 R
MIBEIREE R, W& KUY R gy m, 1R A 8
SR P B8 I T A, DAIR AR 7 d PSR B R
il KRNI 19% ~3%IGINIT, SREEHE R 90% LA |
MKV B 6% ~ 9% 3G T, SR AR = 1%,
KA 1 T 5k E 77 A 1% 300 T 000 5 R Jole s 6

K, BEFE T3 i B ik MR TR, L 6% 7K
Ve B it (K Rkt TR A 28 d i B A I 45 21y 9]
3~7 d IRARIREE I K 70%, T 14 ~28 d IRk
SRIEHRAK 1%, BRI, JK AR E ik B R
BRI B A K 1B B T KRR 2R AR,
ZoUePE A B B R A AR oK e R R B K
TR W VR A AR 7 A I 0 5 R B K A S B
PRI 5 P AR 4 R R BT 97 A R R T 6

2.2 JnINR# H (CBR)

SEG XK R WA R R Y A AT, X 1% ~
9% 7K e % i WK R ik i 1R G BH CBR fH#E 1746
i, S5RIE 6,

250
200 |
150 |

100 +

TN AR EL L%

50 F

0 1 1 J
1 3 6 9
KB A%

B 6 mnA&EZLE (CBR)

HIFE 6 FT, KRGk 85 1R 5 8 0 7R 280 L ki
MU S U 5 B2 3G IR AR — 2, 7R3 AR 7K P 5
BRI 5 B B 2 I IR R, HLBEE K
FITE AR ZE G I, R 2 L R B R AR, X R
T RORR BRE ) 32 2 b SRR BURE ) T 45 41
BIREZE I, AR e 1 i K g 2 2 5K
PRI 7= A2 IR AS A, 4 i R 5 R A R AR o 2
A AGIN iF B ACKH [R] 2 #6785 2 SRy 5 i B
HIKPEFN A FF S, B0 K e oK A K 58
JRAC BORE, LA AR BB 7R THR & R,
SRR RUR L IRIRFEML, B 250G IR
LA,

RAHRALE R FH TGO FR-C T 5 BE R B X CBGM 2
FORRRE HEA TR, MR 5 SRR AR 0 B 5
., #R ¥& The Structural Design of Heavy Duty
Pavements for Ports and Other Industries-4th Edition'
H R R/ NI R R €1 5/2.0 CBGM, B AL
FHEHY 28 d AR TCMIBRGUESREE =1, 5 MPa.



% 8 wEF,

F: AT A mBERAEAERARES R T R4 & %M 7o 2R - 305 -

1M 2 N7 [E #L S Pavement Design Guide for Roads
& Highways Department'""" F1 83K 3L )2 44K CBR 1
IV =80% ., MR8 X K AR A v T 5 Rk o N BR 41 s o
JEFURE L (CBR) YR INZE R, IKAS6% TR 5 ok
FIRY 3R 8 B il A2 D D o s 1) A 80K, HL7E S
PR A AR rh oK PR SE B R 5 R K D8 45
HNT 6%,

3 mdgEtEee

IKASIERRL L 3l A7 A8+ 4 A2 T2 AR 46 A2 TP 1Y
71 T RE B % i) | E oA ES IR 2 SO R K 7
QAR ZE MR BN, PR DL 4 10 72 O X K AR
Tl VTR R B WS 4 P REHEAT WIE IS . oy T % i 3 il
HLRE, ELNER S A R ALI, Sl oK S,
IR AR K B S BRI T4, 4
XEREIDEL, SR IR AR, K TR AIK — & PR
RN T 20, B S h oK 8 R0 AR R R AT T A
(FHF) , HR S KRR PE RN P AITT
XATR L, K TeRe e i il R A B T A B 224G
IMZERILIE 7,

1500

1000

T4t 10-¢

500

—O— IR
—h— R

1 L 1 1 I )
1 11 21 31 41 51 61
% 3/d

7 mAHmAKREERERTHEETR

SE80KRrEAM L, KERE B IR AR T
AN WK, B TR E A S 2L, T
WEZHERAK, 26KS 5K, &
SR AR E R, FEOR G RHER T 46 0
IR o IR VR A5 R T 4 107 A8 7 R AT
SR, HT4aspieR, 2 dEfir X TiRE R

7 d BT 472820 430x10°°, 5 60 d N T
AiNIERY 38% 5 WG W IR I I, 4 A )
KRB WEAL, TR G R 40 d Bt T4 0 A8 5
ARIKF| DAL N 98% ., HIL, fE/KEAE IR G K
MR S ORIERTIA SR A SRR A i
SE P M b, 2 R FERT IR A R
FKCRI AR TR PR, B R IR
ARG AR B AR, R EEANR AR T d Rt
T4 SR PR PR T 8. 8%, 60 d Rt
THEAICIEALT 7. 4% , i@ FRPRKJE R4 T T
M, KIS 534 TR G RHNES, RS T HEm
IR R AR Y A K AR R &, K U
KAVEFIEFESS & K5, BBV FREY B H k& &
REAR, SE 1A R0 VKRG B IR A R T4 A 0E

4 FHEEMEITREFE

DA S 3 R s e AR B A Sk M ARAE, X
KRG R A R TR P N B 22 DE P EA T 204
X E PO SRR AR L 4, S 08 1
20 kN/Fg . I %h 70 kN/4e . I %h/IV %h 56 kN/%E
AR R 4 b X A A ULIR 8,

1 %h 1T %h Téh 1V 4h
B = I =t==}
sl _L__T__ _E___TTF_
o ' =S . ol I =1
- B8 e
L 27m 8.5m 13m
1 1 1 1

B8 SEMEEEFMESH

A F N E LS Pavement Design Guide for
Roads & Highways Department #4175 Z5 41511,
HuJE CBR = 5% I ] AN T 4 g Ml 6 o 52 A i o )2
(additional layer) X 5 B 5 %f 74 35 )2 ( capping
layer) (% EER—8, MIGMIEE CBR=8%, N
WEAN T BT b HE AT A AR B, 2 SR B A e Al
T, FESERAHEEE - AR T, BRbS F F b
AT S A SRR WL 4,

®4 WHEEMRENTE

Tz HZ JREZ TAEEAN/(FEIE m”)
FRPREHTEZ5H 80 mm JREE L BRAIHL+30 mm P42 400 mm C8/10 CBGM 180 mm ZECHEA 127.12
2 JBGE A R .
RFRITAEH 80 mm B30 o BHJE 720 mu JRYEES SRR 200 mm B RV HEE 79.75

(.cement bound broken brick)




- 306 - K oiE L A2

2024 #

[ 4 PN, BT P 25
TR AR, (BICARIZR KRR M bR
AR PG SRR (OB bR, P bt
FUAMIEIE T 37%, TRMA R EWIT, 07
DS A3 11 TR AT B ORI 5.

5 &g

1) FEEIR AR A, 78 S8k 72 i A A
TR RO, R R SR AR AL AR R
HAUE L ; 8 2 n 5B R AT W R A
BHEIC, & YRR S R D IR AR RS B, 7]
AR IR AR T

2) KUK E Rk IR ARk T FRAT e 5 B AN
AR (CBR) 5K &S EA, HAEKIEH &
BRI, SR BERIE X K JE R S R R, 455 R
Fp St bR R SR SR B AR DGR, 7R X 2 il
S oK R I Z K IE B R AN TN T 6%,

3) JKERE IR AR R T 4 AR TR AR R G
B, TR Ak A v R A A TR A R R
A A R R Y AT A R A T TR
SRHYFES FHK, T FRARIR & R A ik ok
G R AEAETE

4) dbnR FKER GBI G RME ML, ik
Pl AR TR UK A SRR S5, TEABR =
Hby DX ) G TR 2 A e b B RS AR

SE

[1] i FA@ SRR T E kR 2 i TR i g
WEFE[D]. Kb KVPBLT K2E, 2017.

[2] ARISHA A, GABR A, EL-BADAWY S, et al. Using
blends of construction and demolition waste materials and
recycled clay masonry brick in pavement [J]. Procedia
engineering, 2016, 143: 1317-1324.

[3] LIANG C Y, WANG Y, SONG W Z, et al. Potential activity
of recycled clay brick in cement stabilized subbase [J].
Applied sciences, 2019, 9(23): 5208.

[4]  SAOIRE, Vb2 R K URARE BRG 1i% A SR B 2 A1 L
PEREIRI[J]. EABAEHR 2012, 25(3): 73-79, 86.

[5] XS5, FRAE ORI AL T BOHE H i  TIRIF T B A= i J 4
WA [D]. B &L ZRB K7, 2020.

[6] KSHITE. EA0 L 754 T AR IR A RN I B 98 2 6 P g
AYHTID]. FBIN: Atk F 7K B K2, 2020.

[7] U, 2RI, FH6E, . MK IR e i R4
RO SYERERF AT [1]. 25 2018, 63(5): 26-33.

[8] Tl /K UeHa e S iy v 36 22 5 B T A7ty 4% 4 1 F
B [D]. WA M JRIE Tolk K2, 2020.

[9] The Precast Concrete Paving and Kerb Association. The
Structural Design of Heavy Duty Pavements for Ports and
Other Industries-4th Edition[S]. London: Interpave, 2007.

[10] Government of the People’s Republic of Bangladesh

Ministry of Communications Roads and Railways
Division. Pavement Design Guide for Roads & Highways
Department[S]. Dhaka: [s: n], 2005.

(A% R4F)

299,939,299,939,999.939,999.939.939,939.939,999,939,999.939,999,939,999.939,999.939,999.939,999.939, 999,039, 999,939, 999.039,999.939, 999,039,999, 939, 939,939, 939,939.939,939,939,999.939,999

(E#% 300 )

S

[1] TSOKAS G N, TSOURLOS P I, VARGEMEZIS G N, et al.
Using surface and cross-hole resistivity tomography in an
urban environment: An example of imaging the
foundations of the ancient wall in Thessaloniki, North
Greece[]]. Physics & chemistry of the earth, 2011, 36
(16): 1310-1317.

[2] NICULESCU B M, ANDREI G. Application of electrical
resistivity tomography for imaging seawater intrusion in a
coastal aquifer[]J]. Acta geophysica, 2021, 69(2): 613-630.

[3] CHANG P Y, CHEN C C, CHANG S K, et al. An

investigation into the debris flow induced by Typhoon

Morakot in the Siaolin Area, Southern Taiwan, using the
electrical resistivity imaging method [J]. Geophysical
journal international, 2012(3): 1012-1024.

[4] BRUNET P, Rémi C, BOUVIER C. Monitoring soil water
content and deficit using Electrical Resistivity Tomography
(ERT): A case study in the Cevennes area, France[]].
Journal of hydrology, 2010, 380(1/2): 146-153.

[5] OCKETT R, KANG S, HEAGY L J, et al. SIMPEG: An
open source framework for simulation and gradient based
parameter estimation in geophysical applications [J].
Computers & geosciences, 2015, 85: 142-154.

(AL EAEH)



