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A B S T R A C T 

This report is a summary of research on rigid pave
ment terminal anchorage installations that was conducted 
by the Texas Highway Department over a period of three 
and one-half years. A total of 152 anchorage systems 
on jointed concrete pavement and 186 units on continuously 
reinforced concrete pavement were used in this analysis. 

The findings indicate a terminal anchorage system 
such as used by the Texas Hjghway Department is a 
feasible method for preventing pavement volume change 
forces from damaging an overpass or bridge structure. 
Several failures were experienced with terminal anchorage 
systems on jointed pavement due to a deficiency in trans
ferring the pavement growth forces from the anchorage 
system to tre soil mass. A new design detail was prepared 
by the Texas Hjghway Department to offset the deficiencies 
found in a diagnostic investigation of these failures. 

On continuous pavement the terminal movement was 
found to be directly related to pavement length up to 1,000 
feet and temperature change and indirectly to pavement grade, 
subbase coefficient and number of lugs. An empirical 
expression expressing movement in terms of these variables 
was derived in this report. This equation, considering 
the boundary conditions, could be used as a design 
equation. 

An experimental installation in connection with 
this project has revealed the feasibility of connecting 
the terminal of a continuous pavement directly to the 
bridge structure. 

iv 
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CONCLUSIONS AND RECOMMENDATIONS 

On the basis of this research project - Evaluation 
of Terminal Anchorage Installations on Rigid Pavements -
which was conducted over a period of three and one-half 
years by the Texas Highway Department the following 
conclusions are warranted: 

Jointed Concrete Pavements 

l. A terminal anchorage system such as used by the 
Texas Highway Department is a feasible method for pre
venting pavement growth forces from damaging an overpass 
or bridge structure if the anchor system is properly 
designed and constructed. 

2. The failures experienced on terminal anchorage 
systems constructed in the coastal area can be attributed 
to a deficiency in transferring the pavement growth 
forces from the anchorage system to the soil mass. On 
site excavations of failure areas revealed a soil shear 
failure along a horizontal plane at the bottom of the 
lug members. 

3. In each of the areas where a diagnostic investi
gation was conducted of the failure, there were no cases 
where failure could be attributed to the concrete 
structural members of the anchor slab or lug extensions. 

4. The presence of transverse cracks in the anchor 
slab is not a sign of alarm, but indicative that the anchor 
system is performing satisfactorily. 

5. The design detail contained herein that is presently 
being used by the Texas Highway Department for anchorage 
systems on jointed concrete pavement was prepared on the 
basis of findings of this study. 

l 
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Continuously Reinforced Concrete Pavement 

1. The terminal movement of an eight inch continuously 
reinforced concrete pavement is directly related to pavement 
length and temperature change, and indirectly to pavement 
grade, subbase coefficient, and number of lugs. An 
empirical expression expressing movement in terms of these 
variables is presented herein. It may be used as a basis 
for design. 

2. The terminal movement of an eight inch CRCP with 
terminal anchorages and without such anchorages was found 
to be independent of pavement age and envirnomental 
location. 

3. The study indicated that only the last 500 feet 
(or less) of a CRCP contributes to end movement experienced 
at an expansion joint. 

4. Care should be taken in using the empirical equation 
derived herein for design purposes. Parameters should not 
be used that are outside the limits of this data. Close 
observation of the values found to represent different 
types of bases indicates that these values may include 
more than just coefficient of friction, as the values do 
not follow what might logically be expected. 

There is a possibility that part of the values derived 
herein are due in part to the type of soil mass acting 
against the lug as well as the imposing force due to 
surface friction. Since the equation is of an empirical 
form, no further distinction can be made at this time. 
However, it is felt that the values derived for each type 
subbase apply to this empirical design equation. 

5. With certain combinations of subbase coefficient 
and per cent grade, the number of terminal lugs for CRCP 
can be reduced to zero. A satisfactory performance over 
a period of seven years to fifteen years in one case 
verifies this. 

6. An experimental project in Central Texas has re
vealed the possibility of connecting the terminal of a 
continuous pavement directly to the abutment bent of a 
bridge structure. 
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Although problems were experienced with the experimental 
installation, it is felt that proper design along with 
good construction procedures will reveal this concept 
to be completely feasible in the near future. 
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I. INTRODUCTION 

Background 

In the late 1950's, numerous jointed concrete pave
ments (JCP) on the Texas highway system were experiencing 
an alarming amount of pavement growth, especially along 
the coastal area. As a result of concrete pavement growth, 
internal forces are built up in the slab producing an out
ward push toward the free ends that closes the expansion 
joint at the bridge ends, ruptures the abutment walls, and 
applies an undesirable amount of pressure on the bridge 
or structure. In an effort to check this pavement growth 
problem, the Houston District constructed the first termi
nal anchorage system in Texas in March 1959. The satisfac
tory performance obtained with these initial installations 
consequently resulted in terminal anchorages being in
stalled at a number of structures throughout the state. 

About the same time these anchorage installations 
were being installed on jointed concrete pavement, the 
Texas Highway Department initiated the use of continuously 
reinforced concrete pavement (CRCP) on a widespread scale 
throughout the state. By logically transposing the 
experience with the growth problem experienced on jointed 
concrete pavements to continuous pavements along with that 
reported in other states, it was felt that continuous 
pavements would also require an extensive anchorage system. 

Design 

Messrs. Shelby and Ledbetter in their treatis, on 
terminal anchorages, enumerated the basic concepts and 
assumptions employed in designing the terminal anchorage 
system which was initially used by the Texas Highway 
Department. 1 Basically, the anchorage system for 
jointed concrete pavement consists of two anchor lugs, 
three feet deep and two feet wide at each pavement 
terminal. Figure 1.1 shows the details of the anchor 

4 



·-
5 

Beginning or End of Bridge Contraction 

I" Ex ponsion Joints 

Long. Steel * 5@ 8" C1c 

Transverse Steel 
# 4 @ I 5 II c,c. 

Limits of Reinf. Steel 

PLAN VIEW 

Long I tudino I 
Joint 

Cons t r u c t i o n 
Joint. (No 
Transverse 
Rein f. Stee I 
through thl s 
Joint.} 

Top of Pavement *4 Bars @ 15 11 C/C 

e I 

-
0 
-I 
rn 

* 4 Bars @ 

SECTION "A- A" 

FIGURE 1.1 TYPICAL LUG DESIGN-

@ a" etc 

@ 12" c,c 
as Shown 

JOINTED PAVEMENT {1959-1965) 



.. 

slab. As can be seen, the terminal anchorages are heavily 
reinforced to provide a stiff and rigid resistance member. 
The design concept of the anchorage system is to transfer 
the pavement growth forces to the soil mass through the 
passive bearing and shear resistance of the subsoil. In 
design, it was felt that the critical elements were the 
bearing area of the lugs and the shear plane along the 
bottom of the lugs, as well as along the face of a 
Coulomb Wedge. 

6 

The design for the anchorage system on continuous· 
pavements was basically the same as those for jointed 
pavements with the exception that five anchor lugs were used 
which resulted in a longer anchor slab (90 feet). 
Figure 1.2 shows the details of the anchorage system 
originally used with CRCP. 

Referring again to Figure 1.1, the nomenclature of 
various components of the anchorage system may be enumerated 
at this point. The slab placed on top of the base or on 
top of the subsoil is defined as the anchor slab. The 
members extending vertically into the ground are defined 
as lugs, with the one nearest the structure being con
sidered as the front lug. 

Performance 

After 1959 the terminal anchorage systems of the types 
illustrated were installed on both jointed concrete pave
ments and continuously reinforced concrete pavements. 
During the early part of 1963, several cases of terminal 
anchorage failure were reported in the Houston area on 
jointed concrete pavements. A preliminary survey in a 
number of the terminal anchorage systems had experienced 
cracking in the anchor slab, closing of the joints between 
the anchor slab and the bridge approach slab, and 
faulting of the abutment walls. During the same period 
all of the terminal anchorage systems on CRCP were 
performing satisfactorily and in no case was adverse 
movement being experienced. The only adverse comment with 
CRCP anchorage systems was the excessive cost required to 
construct them at each pavement terminal. As a result of 
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these two facts, a research project was initiated in 
March 1963 to evaluate terminal anchorage installations 
on rigid pavements. 

Objectives of Study 

The objectives of this study were to determine the 
cause of anchor distress and perform the field observa
tions necessary to re-evaluate the lug anchorage designs. 
In addition long term observation and measurements were 
performed on a number of existing terminal anchorage 
systems for both jointed and continuous concrete 
pavements. 

Research Reports 

During the course of this research project, four basic 
reports were prepared. A brief discussion of each is 
presented in each of the paragraphs below. 

Research Report 39-1 contains the analysis and 
presentation of data taken in connection with the study of 
terminal anchorage systems on jointed concrete pavements. 2 

In summary, a total of 152 anchorage systems were 
inspected and data collected concerning each. In addition, 
an excavation was performed adjacentto three separate 
units to determine the primary rational of failure. The 
failures were attributed to an inadequacy in the method 
of transferring the pavement's growth forces to the soil 
mass. Strength tests of the soil and visual observations 
indicated the soil had sheared along a horizontal plane 
at the lower extremities of the anchor lugs. The pertinent 
conclusions of Research Report 39-1 are presented herein. 
The design detail that is now being used by the Texas 
Highway Department for terminal anchorage systems on 
jointed concrete pavements is presented in Figure 1.3. 

Research Report 39-2 was a preliminary progress 
report on factors influencing terminal movement on 
continuously reinforced concrete pavements.3 To evaluate 
terminal anchorage systems for CRC~ data was obtained on 
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48 terminal anchorage systems for a period of 2 1/2 years 
and then analyzed to evaluate the influence of each of 
the parameters considered on terminal movement. This 
study indicated that pavement length, per cent grade, 
temperature change, and subbase type had a definite 
effect upon the number of lugs required to restrain 
terminal movement. This study was expanded and continued. 

Research Report 39-3 pertained to an experimental 
installation in Central Texas where the terminals of CRCP 
were connected directly to a continuous slab span bridge. 4 
This report and study was made at the request of the 
Bureau of Public Roads. In connection with this study, 

10 

it was found that this type of connection is feasible and 
provides an excellent riding quality that eliminates the ex
pansion joint system generally used in connection with 
concrete pavements and bridges. 

This report (Research Report 39-4F) is the final 
report on this project. In the conclusions and recommen
dations the summary of the findings from the above three 
studies is presented. Furthermore, in this report, an 
extension of the previous study outlined in Research 
Report 39-2 is presented. In this study additional 
anchorage units were used (a total of 186 units) in order 
to aid in filling in missing elements in the experiment 
plan used in the previous study, and also to make a study 
of regional effect. Most of the data presented herein 
represents a period of approximately 5 years, but in some 
cases it extends up to 7 years of age and in one case, the 
pavement age is fifteen years. 



• ,. .. 

FIGURE 1.4 TYPICAL LUG DESIGN 
PAVEMENT 

CONTINUOUSLY 
(PRESENT) 

REINFORCED 

CONCRETE 

I 

f,' \\\\\ S \\ '\ \' \1 -~~~ ~~- !~~-~!S_!~~---___7.)_"-_o• for ~~-•ystem 56'-0"tor lh_!_!!__!~ system 39"-0"fcr two lug tystem 

84"-0" for fi>Je lu~ system __ 67!.-0"tor four lug Sy11em 50'-0"for three lug system 33'-0"for lwc lug syste':"'' I 

--1--- 17'0"----~ 6'0'~ ----End of structure 

BRIDGE 

SLAB 

r--16'-0" to centerline of first lug 

Two comp<ment,cklss /SOfldblcst ond cteon beth Sides 

lo or lb, s_ynthellc_ 
1 

• -~2-3/4" premolded ospholl bocrds 

[

oolr= ~ _::_:.. ~; .· · o' equ"olenl combonot~ 

APPROACH SLAB ,]li~t 1/~ r 
--,1 j '---2 Layers of 30• rocfmg · I felt w1th Qrcptute hqhtly 

1 SL48 SUPPORT spru'I~Jed between toyers 

L __________ ...J 

EXPANSION JOINT, ME THOO B 

' --j 

11[11 IIIII 11!11 11!11 Pe,.,.,.,,;...,ons,.,.. 
Ill II 11 II 11l 11 II iII con•t,uction joint. See 
II II II II , ' oo,nQ detool sheet for 
11i II 11 11 IIIII IIIII con"'"'';"" detoils. 

IIi II ''I" II II II ill I 
II II II II II II II II \ 

II Ill "I' II "I" IIIII ~ 
II . II II II IIIII II II CONCRETE T T ~ ~lljll 1'\!lVEMENT, L . 8 B 8 :: . ~ 8 CONTINUOUSLY I .. ,, REINFORCED 

17'0" 17'0" 17-0 
F"OR TERWINAL ANCHOR SYSTEMS CONTAINING LESS THj,N F"IIJE LUGS, 
THE PROPER OIMENSK)IIIS CAN BE OBTAINED 8'1 REWOVAL OF" ONE 
OR MORE Of" THESE 11~0· LUG SECTIONS 

-an 
H-ll I'IEOPJEI'IE C()MPIB~ION SEAl 
SI-1AU It COI'IIlNUlD A.IOUNO lDCfS 

TO~UlLG~"'O"~~i c ......... 1 
PPROACH SLA~--

1
1 

LtdQ" '« stat- ,14··: :r,~ -l!~k' =====!ir....., 
f..:.: --~ 2 Loyers of 30* roofing 

Ledgl for Seat to I t.lf with orophile liiQhtly 
carr•d _down ed~•• SL4B SUPPORT I t9rinkled between lcyers 

1<1 P•rrn~l inttoltoiiOO _____ _j 

EXPANSION JOINT, METHOD A 

H<f 11AII'IUSS SHH COVtl 'LATE 
\HALL If tASH"'ED TO 1!-tf AI'PIOACH 
AI'ID S~A& \Uf'f'QII IY MEA"'S Of 
IOLH 01 SlUrK HtlO l"'T8 11-1( llAB 
o• IY OTMU W.EANS A'PIOVID IY 
!HE ENG!NlE1. TH! ,AVUoiE"'I ~~A& 
SltAU I[ ftH 10 MQV'l 

CiHHIAl NOrlJ 

1 THE DfTAll'i Of h'lf IIIDGI ,.,.IOACH H. ... All 5ttQiilrfN fl5t'IIW111:U 1'1 fNE PL»ft. 

1 THt LOCATIONS 01 fHf ff!W.LNAL ~HQU.G( SYSTEMS AND NI,Jiollll9f U.(i$ I'll M""' !IHAUif loS ~...OWN 
HloEWtft!tf 1'1 THI ~(.AN5 

3 OfT AILS AS TO ,AV(,t,AI!NT SLAI wam'l. TMICICN85, iU'«l! CI()WN CIOSS·51.aot! '"""t• AS 5HCJiino.l U.StwHdl 
I'IT~ottrl»fS 

4 TH( CON<Jtflf ,A'o'DitNT SVI !.HALL CONTI'IUl AOOSS II« ANCHOILUGS AS SIC:IWN. All IKIIJ._NTS 
.t.5 10 CCJoo.I5TtUCnON, ... f~ENT, AND 'A'I'MfNTFOl tloi(PAVUAfNT SI.AaS SHN..L If ""...oti.NDO Tl« 
!TlM "CONCif If '""VblfNI (CONT~Sl Y U..u<liKfO)" 

5 •tiNFC»CNG HUt THAT IS NOf A,...._, Of TH( STANDAitO 'A'/DIIENT !ILAIIIHOIIICE!ro'ENT !MotU If Of TM: 

~llf AND VAC._.G NOUO H(lfON AND S~lllf '"I> K)l LINDBI TME lfffol "tf .. INAL ~ fCON
ClH! '"""-.i.t.fNT)" STIUCn.JIAL GVDt, l'llft.WOiollrt G«ADD:, 01 ~ GU.Dt 01 lfHOICNG ntlt 
Al"f"'llVtOUNDti 1111!> If~ WILL If PfW!TTID EJIC!PTTMAT STEEl IKotoT UQIJ.!I lf..,f'f(; SHJI.Uif 
!IJIUC.T\aAL GU-Df ()« NlliMfDtAH GU<Dt aAI5 

6 SI'LICH N !IYWUCT\aALOl I'ITRMfDI.U£ GlJDt STEfl ~Lllf Afrllll'ltol\.1110 Of20 ~ na: OlolrMflllll Of TME 
...,_ W'LICES IN OTHU GUOU 01 STUL 1-HALLif AS NOtfD ON Tl« '""'NG DfTAil THAT I'PMlT!I ITS U'lf 

7 Of I AILS OILONGITUDI'IAL JOINTS (TaAN5Vlut JOHn, F NfCUSAI'I") AMI •au.m JOM V.ALS,. loHQwN 
ON THf ..,.,.Of'.IA!l ,AV~G Of fAIL s.HEH 

ft YlAI'ISVUs.E CON!TI.....-TIOtol JOINT'S WILL NOT II l'l .. ITltO ._tTHI'I THE Lt.lln C# lM: ANCHOI Ll.(il UI.Cf'T 
1'-1 AN EMflCfNCY \l<:l'f'ACf C# Tltl CONCIJ.T[ '~fNT ANO "'ITH TM! J#f/lftCNAJ.. 01 THE (NCNU 

9 THf """"155.U TUN5'o'fl5f CONHJUCTION JOI'-IT ~IVIlliiE .OS OffAIUD ON M 'AiffM!NTDITAa. StlflT, 
tuT MAY ll 0£l.ETf0 I' Tltl COMTJACTOI EL£CH 10 'LAC! Tl'f ENT. 'AvtMfNT SLM N A 5 ... CU aot'UTION 

10 EXCAVATION fOI., AND CCIINClETE USEO IN ll1E .......CHOI LI.J(i ~M.toll If ,Am fQIIJI'oi)U T1« !lUI "THMhA.l 
ANCttOIACE (CONCtETI '"'"'~£NT)". 

11 FOI TUI:THEII INt"Ot,o.IATION IECAIDII"C THE 'L.ACEMfNT 01 CQJ.I.clETE AND llNFOIC...V STill. Urfl.lO Tl« 
lltM "lUMINAl ANCHOII:ACE (CQNCIHt ,A'ItlrololNT)". 

tt DIMEN~JOI'lS SHOWN fQI HlfHAT 01 THE KUQliollD CarM"V5'510N WAJ.. AU..Y If MOOFIO TO~ UFKTI
V'!LY ACC()MMQOATE Tttl UAlAI'PJOVfD n' Tl'tl fNGN!l AND fi.IINISJ«D n' THE CONftACTOI.l'IQVI)fl) 
PilOt ""'lOYAL IS OIIAIN£0 Fl()M THf l"'GNEEl f-C» TOllS JoiiOOFICATJICll'.l. 

ll IN nn 'LANI Of !HE SIHL 'AlAUEl TO 1Hf "'fAlrtT ~AC( C# CCIINCtfl(. WS SH.AUNQT VNt( fk:lM 
'lA~'~ 'LACE,..ENT IY MOlE THAI'I ONE-!""olrllllFTI'I C# TMf SIACNC IITWH"'IA.IS 

SLAB 

0.23148 

~~~~~~~------------r---~,~7.369. 

.. SUBTRACT FOUR L8S FROM TOTAL TO ALLOW FOR EDGE COYER 

EXISTING Powemenl Ske StHI ----:r 
~LEXIBLE li• 1," >-
~~~~i~~E "~~tl 
f------r-~= 3'·0" -=---==--

I PAVEMENT TEMIINUS DETAl. FOR JUNCTURE 

~
TH EXISTING FLE"IUILE TYPE PAY(II(NT 
RUCTURE 

Proposed Project Terminus THIS OPTION NOT PERMITTED 
WHE~ LUGS ARE NOT USED 
UNLESS SHOWN ELSEWHERE SECTION A-A STEEL JOINT COVER PLATE 
ON THE PLANS. 

t I ~ f Ft~ z::: __ ' ' ,), 2 ..L ' ' ..•. ,=l'A ~I=, I ' ? l'i" I" 

Anchor LuGJ 
•5 Bors 

•5 Bors ot 7" C·C 

ANCHOR LUG DETAIL 

);>'12 
Povement Slob Steel 
Upper limit of poyment 
fer luGJ eacovction 8 concrete 
( Su detcil for perm•ssible 
ccnstructicn joinl ) 

SECTION B·B 

Perminible Construction Joint 

' t" '.,~.~---~ 
... 666-1"' 

3" i--' 

ANCHOR LUG DE TAIL SHOWING 
PERMISSIBLE CONSTRUCTION J01"4T 

PAVEMENT TERMINUS DETAIL FOR JUNCTURE 
WITH EXISTING JOINTED T"1PE CONCRETE 
Plt.YEMENT STRUCTURE 

~A'_':~-- ...:. ...®-· "'""' 
r~~ 

.... - 1·111" 

G~••J• • •-.-- ... +~IIHII:"c-c ... 

TEXAS HIGHWAY DEPARTMENT 

TERMINAL ANCHORAGE 
FOR 

CONCRETE PAVEMENT 
CONTINUOUSLY REtiFORCED 

TA (CPCR) -67 

::1 ..... 

1-' 
1-' 



II. EXPERIMENT DESIGN AND DISCUSSION OF DATA 

The first phase of this study consisted of a re
appraisal of the factorial arrangement of test sections 
presented in Research Report 39-2. On the basis and the 
availability of other continuously reinforced concrete 
pavements over the state, sections were added as necessary 
to make a full factorial insofar as possible. At the 
same time, sections were added in the northern part of 
Texas so that a comparison of environmental conditions 
could be made. Figure 2.1 is a map showing the division 
line arbitrarily selected for cutting the state into 
northern and southern parts. The counties in which field 
datawere obtained are indicated on the map. Locations 
could not be selected any farther south than shown since 
no concrete pavements are constructed in that area of the 
state. 

Datawere taken as before on all sections for an 
additional year. This datawere then analyzed in the same 
manner as the procedure outlined in Research Report 39-2. 

Layout of Experiment 

Tables 2.1 through 2.8 show the factorials of sections 
for eight different subbase types. For the purpose of 
this report, four new subbase types were added to acquire 
a wider range of subbases (see Tables 2.5 through 2.8). 
Research Report 39-2 covered sections with cement stabi
lized, asphalt stabilized, surface treated, and crushed 
sandstone subbases. This study will encompass these same 
subbases plus crushed river gravel, rounded river gravel, 
crushed limestone and lime stabilized subbases. 

Also sections in North Texas were added to the 
factorials of three of the original subbase types for 
the weather environment study (see Tables 2.1 through 2.3). 
These sections were chosen in a manner so that variables 
such as number of lugs, slab length, and per cent grade 
for both north and south sections would be approximately 
the same. 

12 
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Table 2.1 

FACTORIAL OF LENGTH, PERCENT GRADE, NUMBER OF LUGS 

FOR PAVEMENTS HAVING ASPHALT STABILIZED SUBBASE 

'G-,.Iy 
-\)· 

5 0 . 
650 1150 2000 3050 4100 4500 5000 6440 7700 12150 22900 31440 400 -• 

+.13 ss ss ss 
-.13 ss ss ss ss 
-.30 NN NN 

+1.00 NN NN NN 

-1.00 N NN 

+1.20 NN 

+1.46 ss 
-1.46 ss 
+2.00 NN NN NN ss 
+2.70 NN 

NN 
+3.00 NN 

Note • N- Sections in North Texas S- Sections in South Texas 

I-' 
of:>. 



_. 

Table 2.2 

FACTORIAL OF LENGTH, PERCENT GRADE, NUMBER OF LUGS 
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Table 2. 4 

FACTORIAL OF LENGTH, PERCENT GRADE, NUMBER 
LUGS FOR PAVEMENTS HAVING CRUSHED 

SANDSTONE SUBBASE 
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Table 2.5 

FACTORIAL OF LENGTH, PERCENT GRADE, 
NUMBER OF LUGS FOR PAVEMENTS 
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The sections in South Texas with a one-course surface 
treatment on the subbase and a crushed sandstone subbase 
were used to study the age factor (see Tables 2.3 and 2.4). 
These sections were chosen because data had been taken on 
them for a period of approximately seven years. 

Data Analysis 

Data analysis for this report was carried out in the 
same manner as was used in Research Report 39-2.3 First, 
rates of end movement per degree temperature were obtained 
for each section, and these were used as a comparison 
basis. In this manner, temperature was eliminated as a 
variable, and the factorial arrangement of the test 
sections could be used to study the effect of pavement 
age, length, per cent grade, number of lugs, environmental 
location, and subbase type. 

Pavement Age. The main concern with pavement age is 
the possibility of pavement growth due to the creep of 
foreign material into the shrinkage cracks. It would 
seem plausible that any growth of the pavement end would 
show up as a permanent change in the distance between 
gage plugs at zero degrees temperature and any major 
change in thermal coefficient would affect the rate of 
end movement per degree temperature change. 

Figure 2.2 shows gage plug reading versus air temp
erature for a typical section used in the age study. As 
can be seen all points fall on the same line. Since 
these points represent data taken for the past seven 
years, it could be said that pavement age has not 
affected the rate of end movement or gage plug distance 
at zero degrees temperature for this section. Similar 
plots for all other sections of the age study have shown 
this same relationship. 

Effect of Slab Length on End Movement. Earlier 
research on this project revealed that pavement lengths 
in excess of 1,000 feet do not influence end movement 
more than lengths of 1,000 feet. Figure 2.3 shows the 
rates of end movement for sections from Walker County 
with all variables as constant as possible plotted 
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versus the length of slab. This graph bears out the 
earlier findings that slabs in excess of 1,000 feet do 
not contribute to end movement more than slabs of 1,000 
feet. From this it may be conjugated that approximately 
a maximum of 500 feet contributes to end movement on 
each end of the pavement slab. With pavements longer 
than 1,000 feet the center portion of the slab is 
restrained by the frictional force from the subbase. 

Environmental Location. To study the effect of wea
ther conditions on end movement, temperature has to be 
excluded so that north and south sections can be compared. 
Therefore, a logical approach is to look at rates of end 
movement of north and south sections that have all other 
factors equal except geography. Rates of end movement 
for north sections can be plotted versus replicate south 
sections that have equal parameters such as subbase type, 
per cent grade, length of slab and number of lugs. 
Ideally, if there were no difference between north and 
south sections the points would result in a 45 degree 
line. Figure 2.4 shows a plot of this type. It should 
be noted that all sections with a slab length in excess 
of 1,000 feet are considered equal as far as slab length, 
on the basis of the preceeding discussion. Also, all 
per cent grades less than 0.30 per cent were considered 
equal as it was felt that per cent grades less than this 
would be inconsequential. 

Although the points in Figure 2.4 do not fall exactly 
on the 45 degree line of equality there is approximately 
equal division. Therefore, on the basis of this study, 
it will be assumed that there is no appreciable difference 
in end movement characteristics due to environmental 
location within the state. 

Length and Per Cent Grade. In Research Report 39-2 
the following relationship was found to exist between the 
rate of end movement, slab length and per cent grade, 
while holding other variables constant. 

Log b ~ Log A5 + A4 Log [ • ( 1) 
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Where: 

b = Rate of end movement, in/° F. 
L = Length of slab contributing to end 

= 
= 

movement, ft. 
Absolute value of per cent grade 
Arbitrary constant 
Constant dependent upon subbase type and 
number of lugs. 

Here again rate of end movement is used so that tempera
ture as a variable may be excluded from the study. 

Since the purpose of this report is to verify the 
equation format developed in Research Report 39-2, 
Equation {l) will be used as a starting point for 
analysis. Figures 2.S through 2.7 show Log {b) plotted 
versus Log [ L l for different subbase types and 

IGI + 1 J 
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number of lugs. It should be noted that north and south sec
tions were not separated here and that slab lengths in 
excess of 1,000 feet were set equal to 1,000 feet on the 
basis of the preceeding discussions. 

From these graphs it can be seen that As changes with 
subbase type and with number of lugs (see Figures 2.S and 
2.7, Zero Lugs)r while A4 is approximately equal for each. 
Also, Figures 2.S and 2.6 show that As changes for each 
number of lugs with the same subbase while A4 remains con
stant. 

Therefore, it may be stated that A4 is an arbitrary 
constant not dependent upon any of the other variables, 
while As is dependent upon both subbase type and number 
of lugs. In conclusion we can say this data bears out 
this part of the original equation format as presented 
in Equation {l) . 

Subbase Coefficient and Number of Lugs. Table 2.9 
shows the constant As for each subbase type and number of 
lug combinations in this experiment. In Research Report 
39-2, it was found that the following relationship existed 
between Asr subbase coefficient of friction and number of 
lugs. 

Log As = Al + A2 Log {K) + A3 Log (N + 1) •••• {2) 



, 
I 
0 

X -

20 

lL 10 
0 

~ 8 

1-- 6 z 
w 
~ 
w 
> 4 
0 
~ 

Q 
z 
w 
lL 2 
0 

w 
1-
c:::r 
a:: 

I 

25 

_0 0 Q --------
~ ~ 0 LUGS 

0 0 oo 
..---:::- 0 0 

~ 
~ 

~ f.--
~ 

0 5 LUGS 
~ ---- v X 

~ 
X 

I 2 4 6 8 10 20 

IG~+I X 10-3 

RATE OF END MOVEMENT VS. PAVEMENT 

LENGTH- PERCENT GRADE TERM FOR 
CEMENT STABILIZED SUBBASES 

FIGURE 2.5 



. 

26 

20 
tt) 

I 

0 

X 

-La.. 10 
0 
......... 
c: 8 ·-- -1- 0 LUGS 
~ 6 z 
w } 

~ 
w 
> 4 
0 
~ 

0 
z 

':1 
0 I -

0 ~ 
0 ~ 0 

o~ 

5 LUGS v ~ 9 8 
~ 0 0 

0 0 0 

IJ.J 

LL. 2 
0 

LLl 
~ 
<r 
a:: 

I 
I 2 4 6 8 10 20 

L X 10-3 

IGI +I 

RATE OF END MOVEMENT VS. PAVEMENT 

LENGTH- PERCENT GRADE TERM FOR 

ASPHALT STABILIZED SUBBASES 

FIGURE 2.6 



' 

I 

27 

20 
!() 

' 0 

X -LL 10 
0 

......... 
8 c ·-........ 

t- 6 z 

0 
0 -R o u 0 LUGS 

0 '"' 0 w 0 

~ 
w 

4 > 
0 
~ 

0 
z 
w 
LL 2 
0 

w 
~ 
<{ 
a: 

I 
I 2 4 6 8 10 20 

L 
IGI+I X 

10- 3 

RATE OF END MOVEMENT VS. PAVEMENT 

LENGTH- PERCENT GRADE TERM FOR 
CRUSHED LIMESTONE SUBBASES 

FIGURE 2.7 



,_ 
Where: 

A1 , A2 , and A3 are arbitrary constants. 

K = Subbase coefficient of friction 
N = Number of Rigid lugs 
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For Research Report 39-2 a literary search was con
ducted, and a value for each subbase coefficient of friction 
was obtained. These values were assumed values of sub
base coefficient of friction, and As was correlated in 
terms of these values. However, a more cursory study of 
this relationship indicates that the subbase part of As 
may be a combination of effects and not just coefficient 
of friction. For example, the type subbase may influence 
the rate of end movement due to different type soil 
masses acting against the lug surfaces. Therefore, it is 
felt that the part of As determined by subbase might be 
more appropriately called subbase coefficient, (K). 

Going on this assumption, values of subbase coefficient 
of friction as such, could not be used for final correla
tion, and since As is different for each subbase type 
with the same number of lugs, some arbitrary scale had to be 
set up and values obtained for subbase coefficient so they 
could be correlated with As· 

Values of subbase coefficients were obtained by making 
a linear relationship between (K) for the different sub
base types and As. This was done by selecting random 
numbers to represent (K) for the subbase with the lowest 
rates of movement (surface treated subbase) and the highest 
rates of end movement (crushed sandstone subbase). A 
value of 2.6S was chosen for surface treatment and l.3S 
for crushed sandstone. This then makes values of (K) for 
the other subbase types have to fall between l.3S and 2.6S. 

To obtain these values Equation (2) was used. This 
equation contains three unknown constants, therefore, by 
use of three simultaneous equations of this form, the 
coefficients Al, A2, and A3 can be determined. These 
three equations are obtained by use of the As constants 
from Table 2.9 for sections with surface treated and 
crushed sandstone subbases and their respective number of 
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lugs. The equations used were as follows: 

Log (2. 9 X 10-3) = Al + A2 Log (2. 65) + A3 Log (0 + 1) 

Log (9 .4 X 10-3) = Al + A2 Log (1.35) + A3 Log (2 + 1) 

Log (7.0 X 10-3 ) = Al + A2 Log (1.35) + A3 Log (5 + 1) 

After solution of these equations for A1 , A2 , and 
A3 Equation (2) was used to calculate (K) values for each 
of the other subbases in Table 2.9 by using their respective 
number of lugs and A5 • Table 2.10 shows the calculated 
(K) values for all sections in Table 2.9. 

Verification of Equation Format 

Substitution of Equation (2) into Equation (1) yields 
the following relationship: 

(3) 

This equation format is the same as the final equation 
format derived in Research Report 39-2. Therefore, on 
the basis of this later data the empirical relationship 
between end movement and the enumerated parameters is the 
same. 
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DIFFERENCE IN END MOVEMENT CHARACTERISTICS 
DUE TO NUMBER OF TERMINAL LUGS AND SUBBASE TYPE 

SUBBASE TYPE NUMBER OF LUGS As X 10 
-3 

Surface Treatment 0 2.90 
Cement Stabilized 0 5.75 
Cement Stabilized 3 4.30 
Cement Stabilized 5 3.70 
Asphalt Stabilized 0 5.30 
Asphalt Stabilized 5 2.68 
Crushed River Gravel 0 5.50 
Crushed River Gravel 5 4.40 
Crushed Limestone 0 5.50 
Round River Gravel 5 3.40 
Lime Stabilized 0 4.50 
Crushed Sandstone 2 9.40 
Crushed Sandstone 3 7.70 
Crushed Sandstone 4 7.20 
Crushed Sandstone 5 7.00 

TABLE 2.9 
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SUBBASE COEFFICIENTS FOR USE 
IN EMPIRICAL DESIGN EQUATION 

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 

TABLE 2.10 
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III. EMPIRICAL DESIGN EQUATION 

On the basis of data taken on this project, it has 
been found that Equation (3) in Chapter II is valid, and 
furthermore, no factor should be added to compensate for 
environmental location or pavement age. Therefore, a 
multiple correlation was run on this equation to determine 
the coefficient for each term. Then the equation could 
be used as a predictor of end movement in terms of the 
parameters contained in the equation. 

Regression Analysis 

The correlation of constants A1 , A2 , A3 , and A4 of 
Equation (3) was determined by multiple regression 
technique using the values of the parameters of each end 
system and the values of subbase coefficient determined 
in Chapter II (see Table 2.10) .s Results of this regres
sion analysis are as follows: 

Standard 
Error 

-1.902 0.107 -2.02 7 -0.312 0.71 

The resulting empirical 

o. 01253 [IG I\ 
design equation is as follows: 

1
] 0.107 [b T] 

• • • ( 4) 
2. 027 0.71 

Evaluation of Equation 

The standard error found in the preceeding paragraph 
means that Equation (4} would predict an expected end 
movement for a given temperature change within plus or 
minus 0.0008 in/°F of what would be measured. However, 
all of this error is not due to equation fit. A 
standard deviation analysis was run on all replicate 
sections and the analysis indicated that an error of 
0.00041 in/°F could be expected from two sections under 
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equal conditions. This replicate error is probably due 
to randum variation in sampling and the existance of 
unknown variables. 

Although the coefficients found by regression analysis 
are slightly different from the ones found in Report 39-2 
(probably due to ~uch more data encompassing each 
variable), the standard error here is much better. On 
this basis it is felt that these coefficients fit the 
actual conditions much better and the resulting equations 
will be much more reliable as a design guide. 
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