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Simulation study on dowel bar layout mode of cement concrete pavement

ZHANG Chi, WANG Xue, CUI Bu-xin, WANG Di
(Key Laboratory for Special Area Highway Engineering of the Ministry of Education, Chang’an University,
Xi’an 710064, Shaanxi, China)

Abstract: To optimize dowel bar spacing design in cement concrete pavement, a single-layer
structure model on Winkler subgrade with consideration of unfavorable load was established
based on finite element theory. The model parameters were set according to the pavement design
specifications in our country. The panel’s mechanical responses under different dowel setting
conditions were got based on the model. The relationship of LTE and spacing, LTE and panel
maximum displacement were calculated and the effects of wheel track concentrated dowel layout
were analyzed. The results show that when dowels are equally displaced. under the calculation
model of LTE versus spacing, LTE changes slightly when spacing varies between 450mm to
1800mm; the wheel track concentrated dowel about can improve the LTE value by 3. 015% on av-
erage, and the improvement value grows with the decrease of dowel bar number; when the LTE
values equal, the wheel track concentrated dowel layout can reduce the number of dowels by 1 on
average, and compared with the equal dowel layout, even one dowel reduction still has a favorable
impact on the panel displacement, and there is good economic benefit. 6 tabs, 3 figs, 15 refs.
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Tab.1 Parameters of cement concrete pavement slab modeling

WA/ | MRFE/ | MR/ | B U P ik W/
1 YA
m m mm | /MPa S (kg s m %)
5 4 250 31 000| 0.15 |1.10X10 ® 2 400

HoA Z B0 B 1 - Hb KR B A5 B 2 25 (LY ) FfT
FM B S BN S % AE . B 0. 03 MPa/mm, 43 #7
Fe R AL i BE I £ 2808 1 7E A i % 5A B
AU T8 R UG L AT AR A R A o Tl 2K
BZZ—100, E5 i # /4L >0 200 mm X 150 mm %R
ARSI SUE SSEE SUE- SRe Tl ot NS )
%% 100 mm,

1.3 #HEFE
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Tab. 2 Sizes and spacings of dowel bars mm
T )= & I1HF &1 ¥t &1t
JE HiE /AN E S oN
220 28 400 300
240 30 400 300
260 32 450 300
280 32~34 450 300
=300 34~36 500 300

*3 FREfEAHEER LTE
Tab.3 LTE of different dowel spacings

& 3 #F 18] B/ mm 240 257 277 300 327 360 400
& JI A B/ R 16 15 14 13 12 11 10
LTE {8/ % 81. 830 81. 037 80.126 79. 000 77.792 76. 601 75. 214
At J3 ¥ (8] B/ mm 450 514 600 720 900 1200 1800
e T3 FFE/ R 9 8 7 6 5 4 3
LTE {8/ % 73. 309 71. 360 69. 022 66. 396 63.110 58. 609 51.582

PIMEJiFF R EE L oy 348 &, LTE {8 (P A K
A HE IR SPSS AT TG . i A A B, =R
i & B 4D 0 e » T 3k 81 0. 998, LTE {H 5% 0
FREIEE L A6 RaCL(2) A 4l 1 frs.
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Fig.1 LTE-spacing three curve fittings
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BEfL A RBUNT 6000  HBE L Re 1 VE IR K.
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PRAE e 48 15 ff E ) I8 200 L .

(2) 4% T3 AT A HLAE X A 240 mm, 450 mm AL
et HedE e fif R % LTE Bl A& 97 FF 18] 9 R 52 3 4B
LEPERY I R B 7E X A [ 450 mm, 1 800 mm ] 224k
I LTE {H R AR 8 588 F 22 s X R [1 800 mm,
2 000 mm J{ [l A LTE {51 i 35 5005 # W
o NIE SERR L A 2 SR 0 4 SR AL AT AR AL
e % 107 (4 £ 3 A 18] B 7% £ [450 mm, 1 800 mm ]3E
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M 2CHNE ) 1 L RE R - AR T FF R 2 B
J2 IR AR Ry 2 25 B AR AL 8 L %k T A [6] 1T JZ J5 R 1
% FFF S KA BE AR o4 300 mm, 31X AF B[] B 4 it 1%
TEHLE AR R S AN RE B4 b s 17 5 P TR B9 A )
oK o 2 RS B A5 A A AL SR H R — B R
Tz HLT 09 1 7 R A BT 205 24 SOH PR 18] R
AR e 4 A i BE T )52

AL I B EARBOE AR I A (2O R ik
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RHARAE S F LTE 7158 W AR L B 4% A0 18] 4 %
(EE N FNIE AN R TE LR & SN VA ZILTE T )

Wt AL i 1% 0 R R RS A T 7 A 14 728 A R
BN 4 PR
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Tab.4 LTE reduction values and maximum displacement change values

1% I FF B /AR 16 15 14 13 12 11 10
& 3 4F 18] B/ mm 240 257 277 300 327 360 400
LTE 5B ARME/ % 0.761 0.873 0.974 1.103 1.291 1. 484
B AR K AL RS/ mm 0.787 0.791 0. 795 0. 800 0. 806 0.812 0. 819
B A7 A AR B R RS BN/ mm 0. 004 0. 004 0. 005 0. 006 0.006 0. 007
[i1] 43 52 Fiif AR e KA F% /mm 0. 644 0. 641 0. 637 0.632 0.627 0.622 0.616
(1] 4% 52 i AR 5 KA A% Wl B/ mm 0. 003 0. 004 0. 005 0. 005 0. 005 0. 006
% F1FF Bt /AR 9 8 7 6 5 4 3
£ 31 KT [l B/ mm 450 514 600 720 900 1200 1800
LTE 15 AR AE / % 1.735 2.036 2.435 2. 885 3.403 4.028 7.427
B 4% 3 4 AR e KA #% / mm 0. 828 0. 838 0. 849 0. 863 0. 881 0. 906 0. 948
B A AR KA FE G A/ mm 0. 009 0.010 0.011 0.014 0.018 0.025 0. 042
V¥) 2 32 faf A $5e K A2 B /mm 0. 607 0.598 0.586 0.573 0.556 0.531 0. 489
[¥] 422 52 Ao A F5e KAV A% 484 0 B/ mm 0. 009 0. 009 0.012 0.013 0.017 0.025 0. 042

M 4 W LAAS DA 4518 24 15 ) AT B AR
o BIVEL 3T A i (] B 32 i 49 R X LTE FEIR1E
LA 2 A AR 18] 42 52 7 AR e K A2 % 78 A 1) 532 T 24
BHTIE R AL JIFFIRIHLIRE] 1 800 mm I 28 fb
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REFAAE

3 AFEBERIZEAFSH

F I A5 F 1 K U TR B 2 B i B ALY
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250 mm, fij [& S WF 50 S BR 22 5 e B L T AN 4 1%
JIRFIE L E 2+ e B R LR AL TR T
08 Ak 3o Ao A S5 8] B A 5 75 3O T S K g% 1 {68 7
) 7RG BORN . 5 A B SR AR
FU A AT A% T R 00 B R ML 5 2 L 0l P 22 L
Ge—RUE Y 30 cm & 3 AT [ B AELAFAE A B . BT
AR SCRE 2 — 28 TR A% AT 1 e 3k 4k £ v X Fh A Ak
i 7 RO R S5 PERE 1952
3.1 RTERHREHFX LTE B30T

5 45 8] A B A8 T3 AT AN TR e ol Ak 4 o A A
TIAT i 225 R AT RO BORAE FI AP X . X T4
SOMAL TIRT 08 PR B B A e i Ak %) T 35 BOR % )
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Fig. 2 Dowel layout
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Fig.3 LTE line charts of wheel track

concentration and equal layout
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5 [A] PR AT AL ) A ARG 300 B v AT B4R 0 HT 2 Rl X

& 3 AT AR B/ IME /AR 1 1 1 1 1
R /N 28 /AR 1

M 5 AT AT B R e 3 4 b A AL TR
(177 32X o 7 35 B0 AR [ (1 4 4% 1% fof RBUORTIE T . B 5%
A5 BENTE b AL TR T T AR B Y A O 27 B
AR,

T B AR [ A 8 7 U B A5 D7 AT AR 0
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M 6 0] LA A1 H T3 S A AL R el
B v A AL T FE I B AR 50N 1 AR S L 2 far AR
{14 Joe AL B A5 /N TG 1] 422 32 A Al 1) e A B 8 R 4
T L2 32 far AR (8] 422 32 fof Al 1) 35 4 52 0 0 A R
25 b SR FH R I A v A A% 3 FE I O 2 3E e %
FIFFBCREA T RE LTE {6 R0 5% i 75 32 4% b B4 1
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Tab. 6 Maximum displacements of equal and wheel track concentration layouts

1 F3 AT 29 59 4 % /AR 13 12 11 10 9 8 7 6 5 4
8 3 FF 6 18 4 v A 8 /AR 12 11 10 9 8 7 6 5 4 3
o ¥y o1 i ik 0.800 | 0.806 | 0.812 | 0.819 | 0.828 | 0.838 | 0.849 | 0.863 | 0.881 | 0.906
HHZ A AR/ mm -
Rl EP AR 0.802 | 0.806 | 0.811 | 0.817 | 0.825 | 0.834 | 0.846 | 0.861 | 0.879 | 0.909
X Y59 1 1% 0.632 | 0.627 | 0.622 | 0.616 | 0.607 | 0.598 | 0.586 | 0.573 | 0.556 | 0.531
[] % 32 faf #7 / mm - . - -
PR 0.631 | 0.628 | 0.623 | 0.618 | 0.610 | 0.601 0.590 | 0.575 | 0.558 | 0.528

T T 07 T8 » 9042 T AT ARB AN I8 R SOk
R D FT A AR B o th T B TR A R PR AE
H# AT LAk 29 29 ATy AR BORAS  H L TR
TR IE N ) RT R S ORI/ S A R IR T
PEEEVERE 00 T 5 [ % 0 FF B FL e K
e TR BE % A B SRR WA A
4 £ E

(D2 R G35 A5 BEAL Ty AT i 1% T3 AT ]
HiE/NF 300 mm i F 300~900 mm X ] P Fil ok

T 900 mm I, 54 1L A BE 1 PP DA 18 R LR
MK . @ik LTE 56%& S FF A A 226 R

PRS2, YL S AT IR BE AE 450 ~1 800 mm [X [A] Py
RS % LTE {5 /28 (b s ma g/, RS2 b
T % 18 A AL AT 18] B R 76 0% DX TR) B T 3 3 E 2
H8 0 S T ) B 30 0 A P R AR R B R AR
MAEH .

(2) AR BB o BT AN S 25 R T o0 L 5 B4 34 5)
A VAL I FFAH B 58 30 Ak 48 v A 4% ) FFAE A TR
R B 2 B S 42 4 A% A BE 7 0 48 w8 5 SR A 4% I T
WRBEL Z 0 ARG TR B4 T LTE 3442 5
fHIKF] 3. 015 % , H e 70 4 A A% 1 APt . LTE B
1% F1 AT KRB U N R AR 3 e ol B 1%

(it — I £ FEILBIM S LTE {EHi . 58
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