$368 Ha4 NI S = S 3 Vol. 36 No. 4
2019 4E 4 H Journal of Highway and Transportation Research and Development Apr. 2019

doi: 10.3969/]. issn. 1002 —0268. 2019. 04. 001

E?%*&Td]ﬁ%ﬁﬂ‘]ﬁﬁﬁﬁ’&ﬂ%mi}@
ite IEE :I:E%ﬁf"ﬁﬁﬁﬁm"?l‘ﬁ

m oA, EFR, £ #

- BT SCEA AT T, RIETT WR/REE 1500805 2. e iTHU A ERE, BT HRIKEE 150080)

HE: ABRERBELIRORGNEOFELEZAA R, WAARF SHRPRAZAER, ARRAABLERRRE L
B Z A TRASHAZS EverFE M O S 69 A TR AT AR, shalst (WHRY—BIT) ARBIT LR —BA%
KRBBIREOBATSMRBAZAFHTHEAIN, ZREN: EERWEA AN, BERGRXTHEE A5 W
R AERGRBA R, SHERXETENHE, WERZANHR L HEREE, BEPHRMBH, RXTEELAT
M R A FHmEa, RXTEE AR DRERK, RHEFTAERKEEALIRDAT, RBEBET, &
XEBBEARAEGERG LT, DTEBEFENGTELE S, ANAZAEEE EBEMERILRE, £mE
MW BALE . BERO PAHTREIN, D TRRANEINE SR E; WRAZHERAAR, ZEIATAR, TP
B, BERZARBSEERREKRTEL G HRE EAmFﬁFM%T,%%WF%TVH%ﬁ@éﬁﬁ
KEERAGEK, RAAERZHEZ AR T HRBGHw; ERBEHEEAT, &5 AL BN Z &
EWMWRREREAAA, BE, JBERETHORLHMHE,

KEWR: ERIE; SHRWRALA; ARL; KRR LEE; 850

hE S ES . U416.216 X ERARIRE: A TEHS: 1002 -0268 (2019) 04 —0001 —07

Finite Element Analysis on Stress in Cement Concrete Pavement of
Qiannen Highway Based on Multi-slab Co-stress
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Abstract: Concerning the stress analysis for highway cement concrete pavements, various boundary
conditions may apply, leading to multi-slab cooperative bearing scenarios involving 3-side constraint, 4-side
constraint, etc. To accommodate these scenarios, a 9-panel FE checking model is established by utilizing 3D
FE analysis program “EverFE” for stress analysing the cement concrete pavement on the Class-1 branch of the
Qianfeng Farm-Nenjiang Highway. The result shows that when multiple panels are co-working under stress,
the maximum flexural stress in the pavement panel corresponds to the degree of co-working: (1) The addition
of dowel bars in the traverse joints contributes to the degree of co-working, which in turn decreases the
maximum flexural stress when the middle of the transverse joint is loaded. (2) For loads amid the
longitudinal free edges, a minor increase of the maximum flexural stress is observed, which is below 1. 3%
under our calculation settings. (3) The maximum flexural stress appears on the surface of the pavement panel

under a negative temperature gradient, at a level lower than that of a positive temperature gradient setting and
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at different locations, which could be at either the loading position of the loaded panel, or in the middle of

the pavement panel, and might also appear simultaneously on multiple panels. The stronger the co-working

effect, the more obvious the phenomenon. (4) When loading at the middle of the panel, the influence of the

degree of co-working on the maximum flexural stress in the pavement panel is rather minor. (5) In the case

of zero temperature gradient, decrease the stiffness of the base layer will lead to increased level of maximum

flexural stress in the pavement panel. This rule is not affected by the degree of co-working between the

panels. (6) In the case of non-zero temperature gradient, a slightly decreased base stiffness will benefit the

reducing of the maximum flexural stress in the pavement panel. This holds true for both positive or negative

temperature gradients.
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Fig.1  “Single-axle double-wheel load” loading position and slab number
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Fig.2 Pavement joint forms
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Tab.1 Cement concrete pavement checking calculation parameters
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R . ] SHALE ., o] A A L
WAL BEmBEE A JEE EE/om AL JEEREE/em JARALL . mm
MPa MPa MPa  (MPa-mm™")
31000  0.15 450/550 550 26 20 0.25 1300 20 0.25 1200 0.028/0.017 2.0
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Tab.3 Test result of temperature gradients of cement concrete pavement slabs
e dis g5 —
3 53 /
VA [A] B THT AR G T/ °C & T AR e 1T/ C ({OC cmh)
1 2 3 4 5 6 7 8 9 10
12,30 19.2 19.8 17.6 18.7 18.9 19.2 39.4 39.8 39.8 39.9 80. 1
13.00 19.4 19.6 17.7 19.0 19.6 19.5 40. 4 40.6 40.2 40.1 81.7
13:30 19.9 19.9 18.0 19.5 19.4 20.0 39.9 40.5 39.9 40.6 79.9
14..00 20.3 20.0 18.3 19.6 18.8 20.7 39.7 40.6 39.7 40.4 78.8
14.30 20.8 21.1 18.8 20.0 20.0 21.1 35.4 35.6 36. 1 35.9 59.4
15.20 21.5 21.7 19.5 20.6 20.7 22.0 34.1 34.1 35.0 34.6 51.7
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Fig. 3 Schematic diagrams of temperature warping

deformations of cement concrete pavement slabs
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Tab. 4 Flexural tensile stresses of pavement when loading on middle of transverse joint edge

JnARAL B @5, BIAEDN S
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Tab.5 Flexural tensile stresses of pavement when loading on middle of longitudinal free edge
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IS 7
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AR 473 458 471 464 476 476 464 475 461 475 461 475 460 1.8/ 1.69/ 1.92/ 1.88/ 1.87
(MPa)/Pitetit /@ /@ /@ /@ /@ /@ /6 /@ /6 /@ /6 /@ /B Do Do & & /6
/NS RLR ) —4.90 -4.65 -4.93 -4.70 -4.92 -4.92 -4.70 -4.92 —4.67 -4.92 -4.67 -4.91 -4.67 -1.86/-1.69/ -1.92 —1.88 -1.87
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Tab. 6 Flexural tensile stresses of surface layer when loading on middle of slab

AT KA R 1/ MPa BN F1/MPa
SNy @ ® © @ ® ©) @ ® © @ ® ©®
1.84 1.89 1.88 1.64 1.63 1.64 -1.87 -1.89 -1.88 -1.64 -1.63 -1.64

(1.97) (1.88) (1.88) (1.32) (1.65) (1.64) (-1.97) (-1.88) (-1.88) (-1.31) (-1.65)(-1.64)
1. 84 1.90 1.88 1.67 1.71 1.67 -1.87 -1.90 -1.88 -1.67 -1.71  -1.67

(1.97)  (1.90)  (1.88)  (1.32)  (L75) (1.66) (-1.97) (-1.90) (-1.88) (-1.30) (-1.75) (-1.66)

T REME: -85 C/m; MEMIE.: @S (FESANOSHTH) ; MR 0.028 MPa/mm
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Fig. 4 Nephograms of positions of maximum

flexural tensile stresses (unit: MPa)
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Tab.7 Checking calculation result of flexural tensile stresses of
pavement under zero temperature gradient
e KA R 1/ MPa
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PN T A Kt/ Mg =
= = _
MPa-mm™) @ § ® O ©
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[EESUE S
1 0.017 1.18 0.45 0.01 0.12 0.15 0.01
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2 O 0.028 0.98 0.44 0.01 0.10 0.12 0.01
2 @5 0.017 1.04 0.52 0.01 0.12 0.15 0.01
A 0.028  0.01 0.05 0.01 0.12 1.87 0.12
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