Journal of the Korea Concrete Institute
Vol. 19, No. 4, pp. 449~456, August, 2007

Features of Critical Tensile Stresses in Jointed Concrete Pavements under
Environmental and Vehicle Loads

Seong-Min Kim"™
YCollege of Architecture and Civil Engineering, Kyung Hee University, Yongin 446-701, Korea

ABSTRACT This research was conducted to analyze the features of the critical tensile stresses at the top and bottom
of the concrete slab in the jointed concrete pavement (JCP) when subjected to both the environmental and vehicle
loads. First, the stress distribution in JCP was analyzed when the system was subjected to only the environmental loads
or the vehicle loads by using the finite element model of JCP. Then, the stresses were analyzed when the system was
subjected to the environmental and vehicle loads at the same time. From this study, it was found that the critical
tensile stresses at the slab bottom under the vehicle loads were almost constant regardless of the loading positions once
the loads were applied at the positions having some distance from the transverse joint. The critical tensile stresses at
the slab bottom could be obtained using the model consisting of normal springs for underlying layers by adding the
critical stresses due to the environmental loads and the vehicle loads for the curled-down slab, and by subtracting the
critical stress due to the environmental loads from that due to the vehicle loads for the curled-up slab. The critical
tensile stresses at the top of the slab could be obtained using the model consisting of tensionless springs for underlying
layers by adding the critical stress due to the environmental loads and the stress at the middle of the slab under the
vehicle loads applied at the joint for the curled-up slab. An altemnative to obtain the critical stresses at the top of the
slab for the curled-up slab was to use the critical stresses under only the environmental loads obtained from the model
having normal springs for underlying layers.

Keywords : jointed concrete pavement, environmental load, vehicle load, critical stress, curling
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Fig. 1 Finite element model of jointed concrete pavement
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Fig. 2 Modeling of underlying layers

Tensionless springs

AN



# Tensionless Spring

0.4

g r PEBFTPREABRTFPELT R AW D

_ o o 5 uow R ERT T W g TR FoRm =

. eie - ° g % T e = o~ LGN B g

wm,mmmm ) o ﬁ%%ﬂ%% EW,EAWU 2y 9 BR wmowg B MMUr%ul o

38,328 - d =7 < Lo © op VT T W

czhoss o E : g 5 T ASEY ﬁ%%o_eﬂwo_lw%ﬂ_oﬂ%mamo N

BeEbit £ : 5 EMB aF T s a S R, IOy y® $TKE T

SN E 188 g R Em g P T Ty T T N Rg G

| S ¢ g %mm afﬂﬂl;mﬁ 3 }MLmMEdlgoE\mlw,maﬂ_%y & o_a‘ul\clﬂ/l .L_.o

< o Q S ke = = i E O o ™ < <K — - of sy jaly

£ % : _ 28 g T R B o m AR S G s oW E - 9

8§73 5 & — % B oo w o o = 2 - Q-

=2 3 B, g =2 £ N = K- T @ o . og_ﬂ zo RO MﬂiﬂﬂwqﬂfuuT Hpogw ol N ol

§3 q 52s358, o = B S0 | @ o ° ol e R o o e BT NI

1°28 | 3§ josicsl {=t¢ 8 N TGN T i A N S

Sl [ | 2 2 SoaaikrREEiglIVgdgv  Resl S%eT K

=N B s (N B ﬂ%ﬁﬁ@%%Eo_a}%wwﬂﬁﬁ%wﬁ&ﬂﬂ%%wﬂ =505l

1«25 : - A = N T oo SO do .- )

£3 ! 23 3 o T o Ne Hmootmmﬂ:m_vﬂ% o M 2o o O B aﬁ&mﬂrt m

i ] Ja8" 8 e A Sty ﬂ%u%aﬁﬂmiﬂﬂaﬁ_s% dox o W)

il TPosg dgTrzazaTOr osTeslRofs waess

{1- % i g Ew iaﬁﬂ%%xaﬁﬁrﬁqq.aﬁ%ﬂi%a%i%xnﬂ 'O "

3 : Ty oo mMdl L el L Ty rodd .y BT T B

g = R.ok I ﬁo Mo <° _wmo Y B <K 5 ™ ﬂ.ﬂ\q X &o e © ﬂi — ol

] 50 Yexr  EEa R T eieEieT b aREY w8 o

e C g © uo,__u ﬂ%ﬂ%ﬂmﬂﬂm%sﬂwaﬂ#zﬂﬂzwb N_mjr%mwﬁm o

S S 3 8 e 5 . Rl e Nz 4oy T o T V% ¥ W

(can seens (ram seess 2 bl o _ﬁ_w Tar TEETAMTOTTEImebe hOE @

=

Ko

= S o B g TRy ool T o A o

BRPTW TR T W 2w do AR o éﬂrm_Amf. 1

LeREl FEESES IAa HhT R STy . &
=RgNE FP T T aw BB O Wy BT RN R W MY 5
TLRUE mgaw e eﬂmaw%%ﬁﬂmmmagmﬂ@_éﬁ% g
! P 2 = W % il o T =
Ko KO I R R L S 2o e < M A o X —
Mﬂmafﬂﬂ %ﬁ H AR <1 mmﬂ_ﬂrﬂ_ﬁﬂrﬂﬂ&maﬂg%ﬂoo_a%mﬁ 2
gheT TENL® ) H W 2epde el gpyroexd 2
R D R o g @T WA TP wwRE £
PAATE Sy FERPTw R LT EAGILTREMCTT E
T g 7 &) W N ® s N e TR S 5
ToRET dpEaiTY ¥ LpgiLmirociianis a
— —_— = el
%M%%w %zwmﬂ%% = ﬂauﬂaﬁywwgwﬁwﬂ@w =
R I LU LD TS A PR g
%ﬂ.owwuaw o w Ok o qwﬁn;Aa_Wl%ﬂmomﬂ_mﬁraﬁ%% 2
H; C.# “m__|l1_. \Qa Wo ‘WOOEWAT ,C ﬁc d.ﬂ&a Wc o_m N‘OWM :L s WAIIO) oga owo o 7]
BAREm TwOwLoike W g ERT ol TNy T2 g
A < o= = X gl : <o B 1 = ~ o 1 o
qw_M y mﬂm# ﬂu%% o " _m.e MT (<) AoJ__ L,_ 4 M#ow_zo _Xo - M ok oy ﬂ T o m
e = A iézgurz . VT DT T gy W fa
e TR o B I ) AR SR WD g By g W ©
A b ERES T RN T R I S S &
o 0 [ o) _ =~ 2
R AR TR T ExawaaPEINNE oo 7 -



® Tensionless Spring
2 (TG=10°C: Cut Up:
Tension at Tv:g:)
A Tensionless Spring
{TG=-10°C: Curl Down:
15 b Tension at Bottom)

O Normal Spring

Stress (MPa)

05 p
0 . " 2 "
0 1 2 3 4 5 6
Longitudinal Distance from Joint along Centerline (m)
(a) Longitudinal dlirection
2
15

# Tensionless Spring
{TG=10°C: Curl Up:
Tersionat Tog:) .

A Tensionless Spring
(TG=-10°C: Curl Down:

Stress (MPa)

had
(2]

Tension at Bottom)
© Normal Spring

0 . 5
0 09 18 27 36
Transverse Distance from Edge along Centerline (m)
(b) Transverse direction

Fig. 5 Longitudinal stress distribution when TG is 10°C
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Fig. 9 Longitudinal stress distribution along the longitudinal
direction under single-axle loads
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Fig. 16 Methodology to predict maximum stresses
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