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(a) Relationship between end movement and slab
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(b) Relationship between end movement and slab
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temperature for winter placement.
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. . . § Coefficient of | Slab
Viscosity |Reinforceme Crack . - Concrete
parameter / . . concrete linear | thicknes
factor nt ratio interval . modulus
expansion s
Concrete . . increase| .
. decreased | decreased | increased increased ‘ increased
displacement d
‘ . . increase| .
Crack interval | decreased | decreased | increased increased ‘ increased
d
\ . . decrease| .
Concrete stress| increased | mcreased mcreased increased d mcreased
Remforcement . . ncrease| .
mereased | decreased | increased increased mcreased
stress d
. . . ncrease| .
Bonding stress| increased | decreased | mcreased increased d mcreased
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Subgra .
Endwall | oo Endwall | Concrete Slab de “ | Quantit
. a .
parameter | inferval height 27 base modulus | thickness moduly | ¥ ofend
L, ST width b, E, h, <E wall
End .
displacem | decreased Increased | Basically | Decreased decreased decreas | decrease
Sp slightly | unchanged | slightly : ed d
ent i - -
l\-IaXlllll.ll.ll Related Increased decreas | decrease
stress in | decreased . decreased . decreased
with L, slightly ed d
pavement -
Maximum .
siress in | decreased Related Basically | Increased increased decreas | decrease
with L, unchanged slightly ‘ ed d
end wall i =
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2 Strain gage

3 Pressure cell

4 Sensor anchor
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Back Plate (with mounting holes)

Transoucer Housing

Instument Cadle
(4 conductor, 22 AWG)
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Coarse Slab
Test Length of
Highwa | Termin | Aggregat Thickness, Subbase Date of
Section Pavement,
y al Type e inches Type Installation
location miles
Type
El Paso 56%‘}1' EJ Ls? 0.80 13 3 in. ASB® 4/21/09
Wichita | 155 g5 EJ LS 0.50 13 3in. ASB 3/18/09
Falls
Linden US 59 WF SRG® >1.00 13 41in. ASB 10/1/09
1in. ASB +
Houston | US 290 WF LS 1.05 11 6in. CSBY 10/04/07
Texaal'ka“ LP 151 AL SRG 0.45 13 4in. ASB 5/22/07
Lubbockl | US 82 AL SRG 0.45 12 4in. ASB 3/18/09
Loop lin. ASB +
Lubbock2 580 AL LS 0.45 10 6 in. CSBY 9/2/10
Waco Armor . 2
(PTCP) TH 35 Toint LS 0.06 9 4in. ASB 2/23/09

*: limestone: " siliceous river gravel: ©: asphalt stabilized base, ¥ : cement stabilized base

AMA
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Anticipated Use of Compressive strength recommendations for different anticipated
Stabilized layer conditions
Extended Soaking Cyclic Freeze-Thaw
for 8 Days (psi) 3 Cycles (psi) | 7 Cycles (psi) | 10 Cyeles (psi)
Sub-base Material
Rigid
Pavements/Floor 50 50 90 120
Slabs/Foundations
Flexible Pavement j
>10in.) 60 60 100 130
Flexible Pavement
(81in. - 101n.) L e e -
Plex1b}e Pav.ement 90 90 130 160
(51in. - 81n.)

Base Material

l 130 | 130 | 170 | 200
For cyclic moisture conditioning the samples should be made to reach 80 percent saturation upon
“wetting” followed by 50 percent saturation upon “drying”. This is satisfactory to represent the
damaging cyclic environment.
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FACTORIAL SHOWING RATE OF END FACTORIAL SHOWING RATE OF END
MOVEMENT FOR PAVEMENTS ON ASPHALT MOVEMENT FOR PAVEMENTS ON SURFACE
S STABILIZED SUBBASE (5 LUGS) TREATED SUBBASE (NO LUGS)
o ,% 5,
% de, 2%
Foge Lt 650 | 1150 (6440|7700 0(31340 % <°"9r
o |
23000k "oge 0 410 | 3500 | 5200 | 5400
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271 | 367 :
13 1 30 | 365 1.26 538
227
146 4.7 200 2t
214 PX]
2.00 555 280 198
(A) (8)
FACTORIAL SHOWING RATE OF END FACTORIAL SHOWING RATE OF END
MOVEMENT FOR PAVEMENTS ON CRUSHED MOVEMENT FOR PAVEMENTS ON CEMENT
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S, ¢ o
6 Y95 % s
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— s sz
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+ .15 12.07 12.26 s 7.73 403|789 66|
- 60 774
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Level 3

Temperature °F Hiypical
=< 0°F 0.15
0—40°F 0.20
40-70°F 0.25
70—100 °F 0.35
100-130 °F 0.45
=130 °F 0.48
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Temperature °F

Level 3lapical

< 40 °F 0.35
40 — 100 °F 0.40
> 100 °F 0.45

STas) V+OC w (kg ! g el o) Y+°U 5l ko juss 0,8 L L8 oY asle 6,135 ,L
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Type of Material Beneath Slab Friction Factor (F)

Surface treatment 2.2
Lime stabilization 1.8
Asphalt stabilization 1.8
Cement stabilization 1.8
River gravel 15
Crushed stone 15
Sandstone 1.2
Natural subgrade 0.9

5 yoole Jgo,8 Dygo 4 09 oo &LI Y Lad jo aF ((F-V) dolee) Jlo olil &8 > cinian ol
Iy 6slws,y Jo sl e8> Solway Jee 3 opl (McCullough & sewell, 1966) 54 oo oyl 5
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L 0.107
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[K]2927[n + 1]071

el OS> 0 eSS a8 lie Jb Job IS Lol cas s olgsl oS> AX dolee opl o
Sl oSy 4 S jlid S Sl Jl za oo nl o ablige pulsl 25 cuyo Ko 5)lee
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(McCullough & sewell, 1966) 1 calises glgil (gl olol o3 ol po polia Yo-F Jgox

SUBBASE TYPE SUBBASE COEFFICIENT
(K)

Surface Treatment 2.65
Lime Stabilization 2.13
Asphalt Stabilization 1.96
Rounded River Gravel 1.95
Crushed River Gravel 1.93
Crushed Limestone 1.93
Cement Stabilization 1.90
Crushed Sandstone 1.35

1l oo S g G99 Jgo 8 5l eoliul gl 5L 0550 (slaools

(V- Jsor & a>g L) K = 1.96 yn = 5 AT = 158 — 68 = 90°F .|G| = %0 .L = 650 ft
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Material Classification M, Range Typical M,
A-l1-a 38,500 —42.000 40.000
A-1-b 35.500 —40.000 38.000
A-2-4 28,000 —37.500 32.000
A-2-5 24,000 — 33,000 28.000
A-2-6 21.500 —31.000 26.000
A-2-7 21,500 —28.000 24.000

A3 24500 - 35.500 29.000
A4 21,500 —29.000 24,000
A5 17,000 —25.500 20,000
A-6 13.500 —24.000 17.000
A-7-5 8,000 - 17.500 12,000
A-7-6 5.000 - 13,500 8.000
CH 5,000 —-13,500 8.000
MH 8,000 - 17.500 11,500
CL 13.500 — 24.000 17.000
ML 17,000 — 25,500 20.000
SW 28,000 —37.500 32.000
SP 24,000 — 33.000 28.000
SW-SC 21,500 — 31,000 25.500
SW-SM 24,000 —33.000 28.000
SP-SC 21,500 —31.000 25.500
SP-SM 24,000 — 33,000 28.000
SC 21,500 —28.000 24,000
SM 28,000 —37.500 32.000
GW 39,500 — 42.000 41.000
GP 35.500 —40.000 38.000
GW-GC 28.000 —40.000 34.500
GW-GM 35.500 —40.500 38.500
GP-GC 28.000 —39.000 34.000
GP-GM 31,000 —40.000 36.000
GC 24,000 — 37,500 31.000
GM 33.000 —42.000 38.500

' Unified Soil Classification System
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Material Description URanse UTvpical
Clay (saturated) 04—0.5 0.45
Clay (unsaturated) 0.1—03 0.2
Sandy clay 0.2—0.3 0.25
Silt 0.3—035 0.325
Dense sand 02—04 03
Coarse-grained sand 0.15 0.15
Fine-gramed sand 0.25 0.25
Bedrock 0.1—04 0.25
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Major Division Letter | Name Value as Value as Potennal | Compressi- | Drainage Compaction Equipment | UnitDry | Field Subgrade
Foundation | Base Frost bility and Characteristics Weight CBR Modulus
When Not Directly Action Expansion (pcf) k
Subject to under (pci)
Frost Wearing
Action Surface
1 2 3 4 5 6 7 8 ° 10 11 12 13
GW Gravel or sandy Excellent Good None to Almost Excellent Crawler-type tractor, 125-140 60-80 | 300 or
gravel, well graded very none rubber-tired equipment, more
slight steel-wheeled roller
GP Gravel or sandy Good to Poor to None 10 Almost Excellent Crawler-type tractor, 120-130 35-60 | 300 or
gravel, poorly graded | excellent fair very none rubber-tired equipment, more
slight steel-wheeled roller
Gravel and GU Gravel or sandy Good Poor None 10 Almost Excellent Crawler-type tractor, 115-125 25-50 | 300 or
gravelly soils gravel, uniformly very none rubber-tired equipment more
graded slight
GM Silty gravel or silty Good to Fairto Shght to Very slight Fair to poor Rubber-tired equipment, | 130-143 40-80 | 3000r
sandy gravel excellent good medium sheepsfoot roller, close more
control of moisture
GC Clayey gravel or Good Poor Shght to Slight Poor to Rubber-tired equipment, | 120-140 20-40 | 200-300
clayey sandy gravel medium practically sheepsfoot roller
Coarse- impervious
w:.:bmn SW Sand or gravelly Good Poor Noxze 0 Almost Excellent Crawler-type tractor, 110-130 | 20-40 | 200-300
soils sand, well graded very none rubber-tired equipment
slight
SP Sand or gravelly Fair to Poor to None to Almost Excellent Crawler-type tractor, 105-120 15-25 200-300
sand, poorly graded good not very none rubber-tired equipment
suitable slight
Sand and sandy SU Sand or gravelly Fair to Not None to Almost Excellent Crawler-type tractor, 100-115 10-20 | 200-300
soils sand, uniformly good suitable very none rubber-tired equipment
zraded slight
M Silty sand or silty Good Poor Slightto | Veryslight | Fair to poor Rubber-tired equipment, | 120-135 20-40 | 200-300
gravelly sand high sheepsfoot roller, close
control of moisture
sC Clayey sand or Fair to Not Slight to Slight to Poor to Rubber-tired equipment, | 105-130 10-20 | 200-300
clayey gravelly sand good suitable high medium practically sheepsfoot roller
impervious
ML Silts, sandy silts, Fair to poor | Not Medum Slight to Fair to poor Rubber-tired equipment, | 100-125 5-15 100-200
gravelly silts, or suitable to very medium sheepsfoot roller. close
Low diatomaceous soils high control of moisture
compressibility CL Lean clays, sandy Fair to poor | Not Medum Medium Practically Rubber-tired equipment, | 100-125 5-15 100-200
LL <50 clays, or gravelly suitable to high impervious sheepsfoot roller
clays
OL Organic silts or lean Poor Not Medium | Medium to Poor Rubber-tired equipment, | 90-105 -8 100-200
Fine- organic clays suitable to hizh hizh sheepsfoot roller
grained MH Micaceous clays or Poor Not Medium | High Fair to poor Rubber-tired equipment, | 80-100 -8 100-200
soils High diatomaceous soils suitable to very sheepsfoot roller
Compressibility high
LL =50 CH Fat clays Poor to Not Medmum | High Pracucally Rubber-tired equipment, | 90-110 3-5 50-100
VEIy poor suitable impervious sheepsfoot roller
OH Fat organic clays Poor to0 Not Medmuum | High Practically Rubber-tired equipment, | 80-105 3-5 50-100
VEry poor suitable impervious sheepsfoot roller
Peat and other fibrous P, Peat, humus. and Not Not Slight Very high Fair to poor Compaction not
organic soils other suitable suitable practical




Abstract

The principal concept of this study is to develop one of the restraining methods of Continuously
Reinforced Concrete Pavement (CRCP) end movement. One of the problems in concrete
pavement is existence of transverse joints at the end of concrete slabs. On of this joints are
expansion joints that construct for allowing longitiudinal movement. Transverse joints cause
many problems in concrete pavements like slab edge breaking, load transfer problem in dowel
bar, joint sealing failure and etc. So, trying to be done decrease of joint number and width.
Joints number problem can be solved using CRCP, but to considering much length of CRCP,
end movement under the influence of temperature is much still, and should be considered wider
expansion joints. So in this study make an effort for decrease of CRCP end movement and
subsequently decrease of joints width.

Effective parameters in reduce of CRCP end movement are friction between concrete slab-
sublayer and reinforcing of concerete. But to concidering much length of CRCP, mentioned
items not much impact in longitiudinal movement control. So that, should other methods be
used to control concrete pavement movement. These methods are Expansion Joint (EJ), Wide
Flang Beam (WF) and Anchor Lug (AL) systems. The first two methods allow slab movement,
but AL method restrains and controls pavement movement. According to the aim of study in
controlling of end movemen, AL systeme is desirable.

AL systeme consist of anchor lug elements that construct steadily on a pavement. This elements
exist inside of the sublayer. During temperature changing, anchor lugs tend to move
longitiudinally as concrete slab, but sublayer mass reaction force prevents from this movement.

In the past details of lugs was offered based on field experience. In this study by using finite
element analysis, analyze AL systeme details and offered good design (based on minimum
longitiudinal movement) for this restraining systeme in CRCP. Based on analysis results,
restraining systeme is good if one of the lugs placed in the end of slab and other lug placed in
the nearest place to first lug (considering technical conditions). Also wall height of lugs should
be about 0.5 to 1 meter. For decreasing much tension occurred in slab between end lugs, should
be increased slab thickness in this place. Considering this assumption, slab and lugs
reinforcement details was suggested. Studying compressive strength of sublayer and slab uplift
value shows lime stabilized soils have bad conditions in compressive tension, but slab uplift
value is not critical.

Keywords: Continuously Reinforced Concrete Pavement (CRCP); concrete pavement;
concrete pavement end movement control; anchor lug; ABAQUS; thermal loading; finite
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