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The excessive movement of terminals (or ends) of concrete pave
ments has long been a source of trouble to the highway engineer. 
Recently a new concept in the handling of terminal movement of 
concrete pavements adjacent to structures has been Introduced 
employing terminal anchorages. A system of shallow, inexpen
sive, reirforced concrete anchor lugs, 2 f t wide and 3 f t deep, is 
cast monolithically with the concrete pavement near the terminals, 
acting to restrain a major portion of terminal pavement movement 
by developing the resistance of the soil. In March 1959 a two-lug 
anchorage system was placed at the terminals of a jointed, unrein-
forced concrete pavement. Since that time a number of projects 
have been built employing lug anchorages, including four- and 
five-lug anchorage systems on continuously reinforced concrete 
pavement. E}q)erience to date with these terminal anchorage 
systems is reported, together with their design basis. At present 
the lug anchorage systems are performmg well in restraining 
terminal movement and a more widespread use of this design con
cept is predicted. 

•THE TERMINALS (or ends) of a concrete pavement present a unique problem to the 
highway engineer. Like most materials, concrete changes volume significantly with 
changes in its temperature and moisture content. This volume change is three dimen
sional on an unrestrained specimen of concrete, but due to a pavement's long length 
practically aU volume change of interest occurs as a change in pavement length. Fur
thermore, the significant portion of this length change occurs only within several 
hundred feet of the terminals, depending on the extent of subbase friction present. 

E3q)erience in Texas indicates that unreinforced concrete pavement resting on a 
granular type of subbase wi l l , as i t undergoes volume changes, normally crack trans
versely about every 10 to 20 f t along the pavement length. Therefore, current practice 
in Texas in designing this type of pavement is to create transverse planes of weakness 
(contraction joints) every 15 f t to induce controlled cracking at these locations. In the 
interior portion of the pavement, each 15 f t slab shrinks and expands slightly due to 
temperature or moisture content changes in the concrete. This interior portion is ef
fectively restrained and the concrete is not allowed to expand and contract freely. Li 
this portion of the pavement there is no significant problem in the handling of these 
volume changes. However, in the end portions, where volume changes are relatively 
unrestrained, problems arise that sometimes create detrimental results. 

In this portion, the cracks formed from the planes of weakness often open consider
ably. Even though these cracks are sealed, deleterious material often finds its way 
into them while the crack is open. Then when the concrete e:q)ands, the cracks cannot 
close fully, resulting in an internal compressive force buildup with an outward push or 
growth increasing toward the terminals. As a consequence, after many cycles of pave
ment e3q>ansion and contraction, the pavement, in effect, grows or enlairges in length 
due to a progressive crack opening. This growth of jointed unreinforced pavement can 
seriously damage an adjacent structure. 

26 



27 

Figure 1. Bridge abutment showing damage 
resulting from concrete pavement growth 

pushing on bridge abutment. 

Figure 1 shows an abutment where con
crete pavement growth has closed the ex
pansion joint, ruptured the concrete abut
ment, and pushed the bridge. This may 
be noted by the position of the rocker arm 
supporting the steel girder. 

On jointed, reinforced concrete pave
ments current practice in Texas is to 
place only a nominal amount of steel in 
the pavement, which will permit contrac
tion joint spacing to be increased from the 
previously mentioned 15 ft to around 60 ft. 
Although there are not as many joints with 
this type of pavement as with jointed unre-
inforced concrete pavement, these joints 
open wider, with the result that pavement 
growth occurs with this type of pavement 
much the same as with jointed unreinforced 
concrete pavement. 

A third type of concrete pavement, 
which is gaining widespread acceptance 
in Texas, is continuously reinforced con
crete pavement (1.). With this type of 
pavement, enough steel is added to the concrete to eliminate al l contraction joints. 
These contraction joints, in a sense, are replaced with a series of closely spaced, hair
line cracks, held tightly closed by the reinforcing steel (2). The cracks are small 
enought to prevent the intrusion of foreign material, consequently the problem of pave
ment growth due to progressive crack opening in the end portions appears to have been 
eliminated. (In Texas, a project containing this type of pavement has been in service 
for 10 years and no problems of pavement growth have occurred.) However, the fore
going is not to be misconstrued to indicate that terminal movements have not occurred 
with continuously reinforced concrete pavements. As the name implies, this type of 
pavement acts structurally as a continuous unit. Experience in Texas indicates that the 
end 150 to 300 ft moves— depending on the degree of subbase friction present. Due to 
the reinforcing steel, shortening as well as lengthening of the pavement occurs with 
changes in concrete temperature and moisture content. Experience in Texas seems to 
indicate a terminal movement of plus or minus iVa in. might be expected with continu
ously reinforced concrete pavements over a granular type of subbase (3). 

Various methods have been used to provide for this movement and still maintain a 
smooth riding surface, prevent intrusion of water into the subbase, and provide the 
necessary load transfer across the terminal points. One or more expansion joints have 
been used at terminals, consisting of the relatively inexpensive sealed doweled joint or 
occasionally the relatively expensive steel finger joint. Figure 2 shows one of the steel 
finger joints on a continuously reinforced concrete pavement. The joint is designed to 
allow up to iVa in. of movement while providing the necessary load transfer, etc. 

Recently, an entirely new concept of handling terminal movements has been intro
duced. Preliminary studies have been initiated on the campus of the University of 
Virginia. The design employs a series of inexpensive, shallow, rigid lugs, cast mono-
lithically with the pavement slab, that act as a series of restraining members and, by 
developing passive resistance of the soil, restrain a major portion of terminal pavement 
movement. To the author's knowledge this concept, being new, has not been fully ex
plored either in the laboratory or in the field, and few published data can be found. In 
one report, (4) this subject was discussed and a number of model studies were reported 
which yield some valuable information on predicting the behavior of such an anchorage 
system under stress conditions that might be imposed through the restraining of pave
ment volume changes. 

In this report, experience in Texas to date with the use of the lug anchorage systems in 
both jointed and continuously reinforced concrete pavement is discussed, summarizing 
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Figure 2. Finger joint at terminal of con
tinuously reinforced concrete pavement. 

current design concepts and design details 
employed as of this writing. Before con
tinuing, it should be emphasized that the 
problem of terminal treatment of concrete 
pavements has been receiving increased 
attention in several sections of the country 
and the design and use of an anchorage 
system such as reported herein is rapidly 
changing as experience is gained and in
vestigations reveal further information 
on the subject. In all probability, many 
changes will have been made in terminal 
anchorages between the writing and the 
publishing of this report. 

JOINTED PAVEMENT E X P E R I E N C E 

In March 1959, District 12 (Headquarters 
in Houston) constructed the first terminal 
anchorage system in Texas. This system 
was used at the terminals of a jointed, un-
reinforced concrete pavement adjacent to 
structures on each of the approaches to 
three sets of twin structure overpasses 

on Interstate 45 north of Houston (Project I 45-1(12)67). Two anchor lugs, 3 ft deep 
and 2 ft thick, were placed monolithically with a 10-in. reinforced anchor slab at each 
pavement terminal. The pavement, which also was 10 in. thick, contained corrugated 
metal contraction joints at 15-ft intervals and no expansion joints other than at pave
ment terminals adjacent to structures. Figure 3 shows the lug anchorage design used 
on this project. Figure 4 shows the reinforcing steel in the lug trench before the con
crete placement. 

The design basis for this anchor system was, to a large degree, engineering judg
ment. It is difficult, if not impossible, to ascertain what forces will develop by pre
venting pavement growth. By preventing this growth from the beginning of the pavement 
life, the contraction cracks in the terminal portions of a pavement are prevented from 
progressive opening, thereby reducing the amount of infiltration of foreign material. 
Consequently, growth forces in all probability would be much lower than on projects 
where infiltration of foreign material into the contraction joints occurred. Some pave
ments in Texas have grown or lengthened several inches as a direct result of progres
sive crack opening near the terminals, but to assume that an anchorage system must 
be designed to restrain several inches of movement appears to be unnecessary. There
fore, two lugs were tried by District 12. 

This first project has been under observation since its completion and the perform
ance of the lugs to date has been outstanding. Some hairline longitudinal and transverse 
cracking has occurred directly over one of the lugs in the outside lane at the Rankin 
Road overpass on this first Harris County project shortly after completion, but these 
cracks are not detrimental to the pavement in any way and have not increased in size 
since their formation. In an attempt to ascertain the cause of this cracking, two cores 
were drilled along one of the longitudinal cracks. The cores, drilled down to the steel 
reinforcement, verified the assumption that the longitudinal cracks were directly over 
the longitudinal horizontal portion of the stirrup bars. This steel was found to be em
bedded to a depth of 2,% in . , which appears to rule out the possibility of high stresses 
causing a bond split-out failure resulting from insufficient cover. The cracks have not 
changed since they were discovered and the cracking occurs only in the outside lane 
directly over the lug anchor. Therefore, it is reasonable to assume that in all proba
bility the cracks are due to excessive surface hydration shrinkage in the 3 ft 10 in. 
thick section of concrete. 

As of this writing the expansion joints look as good as the day they were placed, the 
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Beginning or End of Bridge Contraction Joint. 

1' Expansion Joints 
Long. Steel *5(i) 8" C/c 
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Construction 
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Joint ) 
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*5 Bars S> S" C/C 

'̂ 4 Bars & 12" C/C 

* 5 Bors e> 12° C/C 
^5 Bars as Shown 

SECTION "A-A" 

Figure 3. Typical d i s t r i c t 12-lug design-Jointed pavement. 

contraction joints are al l tight and relatively free of foreign material, and the riding 
surface is very smooth. This can be contrasted to other projects of approximately the 
same age, in the same area, and of the same or similar design which have grown in 
excess of 1 in. thus closing the expansion joints provided and creating pressure on the 
structure abutments. 

With the apparent success of this design approach in preventing a major portion of 
concrete pavement growth, several additional projects have incorporated the design. 
Table 1 gives al l the jointed concrete pavement projects completed or currently under 
progress as of this writing which require lug-type terminal anchorages. Terminal 
anchorages are being used on 21 jomted projects in several sections of the State and 
therefore imder different cbmatic, traffic, and soil conditions. 

Three projects (References 1, 2, and 11, Table 1) were selected for close observa
tion and expansion joint measurements. Brass gage plugs were installed on either side 
of selected expansion joints on each of these three projects. These three projects, al l 
being among the first to employ a terminal anchorage system, were selected for study 
because they represent the three most commonly used jointed pavement designs in 
Texas. With these gage plugs, joint movements to the nearest 0. 01 in. can be accu
rately measured. The plugs were installed in July 1960, and measurements made during 
the next twelve months are reported. Figure 5 shows the results of the measurements 
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taken on each of the projects. It is ap
parent that any conclusions drawn from 
the measurements to date would be highly 
speculative and of doubtful validity. Sev
eral more seasons of measurements and , 
observations will be needed before any 
firm conclusions can be reached. How
ever, it can be said that when compared 
with projects built in approximately the 
same location at the same time without 
lug anchors, the anchors thus far are per
forming well, restricting a major portion 
of pavement growth. The small move
ments measured are expected due to the 
fact that movement is required to develop 
full resistance of the soil. 

Based on the success thus far with a 
two-lug anchorage system in preventing 
pavement growth, a recommended design 
was prepared for use on all jointed pave
ment projects in which some type of an
chorage of the pavement is desirable and 
is shown in Figure 6. This recommended 

design is not considered standard or final but rather as preliminary and subject to 
change; and, as mentioned previously, the basis of the design has been largely experienced. 

Figure 1+. Trench showing lug reinforcement. 

T A B L E 1 

J O I N T E D C O N C R E T E P A V E M E N T P R O J E C T S CONTAINING T E R M I N A L ANCHORAGES 

CONCf?ETE DESIGN LUG DESIGN 
RE 
N O 

C O U N T Y P R O J E C T HIGHWAY A N D L I M I T S THICKNES 
(IN.) TYPE 

DISTANCE 
FROM BRI05 
TO FIRST LUC 

NUMBER 
AND SPACING 

OF LUGS 

NUMBER ANC 
SIZE OP 

EKPAfJSION 

DISTANCE 
FROM LAST 

LUG TO FIRST 
CONTRACT I0» 

JOINT tf-lj 

04T£ 
CONTRACT 

LET 

H ^ i , 1 45-1(12)67 IH AS; Trofflc InfeieUnsoi, Ranltin tU., FM 1960. 
and Spring C/preii Rood 

10 CPCO-13 55 2(5! 15 15 5/57 

Horri. 1 10-7(11)797 CPCD-I5 
CPCD-15 

40 2@ 15 2ea - 1 15 11/56 

3 Horrli 1 10-7(12)779 IH ]0: SH 73-US 39 InUri^ong* Fr. Jaraon Drive 
to Greeo StTMt 

10 CPCD-15 45 3@45 1 eo- 3 5/8 15 7/57 

* Horrit U 5U(20) US 59: 0.12 Mi. N. of LongI}' Rd. N. to 0.21 Ml. 
N . of Mt. HoMtonKood 

10 CPCO-IS 60 2@ 15 2 eo - T 15 10/56 

5 Horrli 1 32(23) (H 45: Fr. SH 225 S. fo Si™ Borou 9 ML(W e FR 
CPCD-15 45 2 ® IS 2 eo - 1 15 12/57 

6 

7 H „ , . 

1 370(13) 

1 519(19) 

IH 45: 2.0 Mi. S. of Cooroe S. to 2.2 Ml. S. of 
Son Jocinto River 

IH 45: 0.15 Ml. Nor* of AlHirw Dr. Nor* lo 
Steuhnar Rood 11 < 

a fr3 

CCD-IS 

CPCD-15 

55 

50-75 

2 ® 15 

2 @ 15 

2 eo - 1 

2 eo - 1 

IS 

15 

9/57 

5/57 

8 Morrii 1 45-1(10)34 IH 45; From Sim k}ou S. lo Almodo-G«noo Rood 10 CPCD-15 35 2@ 15 2 * 0 - 1 15 11/57 
9 H-r l , U5M(21)& 

F 514(22) FM 525 
10 CPCD-15 60 2^1 15 2eo- 1 15 12/57 

10 Montgonwy 1 370(14) IH 45; 2.2 Ml. 5. of Son Jacinto Ri'er Sou'h to 
O.BMi. N . of Spring Craek 

11 CPCD-15 70 2@ 15 2 eo - 1 15 3/58 

11 Hoirii FSI4(23) US 59: Frwn FM 525 N. lo Humble 10 CPJR-

6r-6" 

CPCD-15 

CTCD-18 
CPJR -
4r-6" 

60 2@ 15 2*o - 1 IS 10/58 

12 

13 

14 

Rondoll 

Horrii 

U 60(17) 

1 I0-7(!3)7BS 

1 43-1(39)061 

US60i 87; Fr. S. 45*Aye. lo Porl-er Sl.(An™i(lo) 

IH 10: From Ooli Rd. to Freeporl Srr«r 

IH 43; From FM 525 fo FM 1960 

10 

12' 

10 

CPJR-

6r-6" 

CPCD-15 

CTCD-18 
CPJR -
4r-6" 

AO 

35 

2 @20'-6" 

2@ 15 

I @ 15 

2 « i - 1 

2eo- 1 

2 H - 1 

20'-6" 

15 

15 

10/59 

9/58 

6/59 

15 Hcrrit 1 10-7(68)788 IH 10; From GrMn tayou lo Hoydon Rood 1 I Mi l 
9 FRI 

CPJR-
61'-6" 

60 2@ 15 2e<i- I 15 3/60 

]6 Fori Band 
L Horrii 

F 514(38) ate. US 59: 2.5 Mi. W. of Sloffoid to T & NO-Ali«f 
Road Oveipou Approoeh CP.1R -

6r-6" 
55-75 2@ 15 2 » - 1 15 8/60 

17 MontQonwry 
& HOITII 

1 45-1(19)67 IH 45; 0.2 Mi. N . FM 1940 ro SpHng Creed 
(Montgomery County Line) 

10 CPJIl -
6I'-6" 

VcviobU 2@ 15 2 * 0 - 1 15 9/60 

IB 1 610-7(26)801, IH 610; From Coplin Street fo iH 10 10 ML 
8 FR 

CPJR - 40'-6" 2{3l20'-6" 1 « . - 1 1/2 20'-6" 9/60 

19 Monloortiory 1 45-1 (52)8S IK 45; Lesg^ Une Rd. Ki2 .0Mi. i. of Conroe 10 ML 
8 FR 

CPJR -
61'-6" 

2@20'-4" 1 oo - 1 1/2 20'-6'" 1/61 

20 AngaJIno F 171(8) LIS 59: Diboll S. too point 0.5 Mi. N . of *e 
Nechet River 10 CPCD-15 2@30 non. 7'-6- 3/61 

11 Horrii F Si 4 (42) US 59; From Humble to 0.62 Mi. N . of the 
Son Joclnfo River (ridge 

10 jcFJR- j 

80'-6" 2 ® 20'-6" 2 eo - 1 20"-6- 5/61 

Abbreviotlor»: CPCO-15 - Concrete Povemenf, Coniroction Jolnf Deilgn. Joinf. ipoeed at 
CP JR-6r-6" - Concrete Povemeni, Joint«(, Reinforwd. Jelnf. ^o-:") of 6 
ML - Moin Lone 
FR - Frontoge Rood 
ML(W) - Main Lone (Widening) 

: 1. Shell concrete w i * lOO'/SYA.ph. Surf. End 
90 ft. Clmt A Concrete, contoini lugi. 

2. Shell concrete (Including lugi) with I25'/SV Atph. 
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The thickness of the lug (2 ft), though perhaps excessive from a design stan(%)oint, is 
felt desirable to facilitate construction. By being 2 ft thick, mechanized trenching 
equipment can easily be employed to excavate for the hig. The reinforcing steel design 
is based on the lug acting similarly to a cantilevered beam loaded with a nonuniform 
distributed load that induces a moment couple in the pavement at either edge of the lug. 

With the preceding as a basis for judgment in the design of a lug-type terminal an
chorage for jomted concrete pavements, Texas is continuing to build terminal anchor
ages on jointed pavements, and the design will be closely observed and evaluated for 
the next several years, and where required, revised as necessary to achieve the most 
economical and practical terminal anchorage. 

PROJECT DATE 
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Figure 5. Jointed concrete pavement measured terminal movements. 
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Figure 6. Terminal anchorage for concrete pavement Jointed, TA(CPJ)-6l, Texas Highway 
Department. 

CONTINUOUSLY REINFORCED CONCRETE PAVEMENT 

Tn a properly designed and constructed continuously reinforced concrete pavement 
over granular, high friction subbase, the cracks that occur are held tightly closed by 
the reinforcing steel, which practically eliminates the factor of pavement growth 
through Infiltration of foreign material into the cracks. This in turn reduces the effects 
of climatic conditions (rainfall) on the performance of the pavement and its anchorage 
system. By eliminating the factors of pavement growth and weather conditions and by 
formulating a few simplifying assumptions, a rational lug anchorage design can be de
veloped based on known factors or variables such as expected end movements, extent 
of restraint desired, and load-deformation properties of the soil encountered. 

E3q)ected End Movement 

As mentioned previously, ei^ected pavement end movement in Texas on a high fr ic 
tion subbase is in the neighborhood of iVa in. At f irst glance this may seem to be a 
rather small movement, expecially when it is compared with the 4-in. movement ex
perienced on an Illinois experimental continuously reinforced concrete pavement (5). 
However, the majority of the Illinois pavement was placed directly on silty clay types 
of subgrades which have relatively low friction coefficients, whereas the Texas pave
ment was placed on a high-friction crushed rock subbase. Also, temperature extremes 
are greater in Illinois than at the project location in Texas. Jt is believed that these 
factors may account, in part at least, for the wide differences in observed end move
ments between the Texas and Illinois pavements. 

Terminal Restraint 

The extent of restraint desired depends on the relative costs involved between re
straining al l movement and allowing some or al l movement to take place by providing 
suitable expansion joints. Experience in Texas suggests that any joint presently de
signed to permit a l l of the eiqjected movement to take place either is prohibitive in cost 
or does not satisfactorily provide the necessary load transfer and weatherproofihg. On 
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the other hand, from a study of retaining wall design, to fully restrain all movement 
would also be prohibitive in cost if not impossible to accomplish. Therefore, a combi
nation of terminal anchors and a low cost expansion joint would seem to offer the most 
logical solution to the problem. 

Soil Properties 
Concerning the load-deformation properties of the soil, two properties are of inter

est in the design of the terminal anchorage system. The anchorage system may over-
stress the soil in two ways. One way is by forming a shear failure along the weakest 
plane of the soil. This failure plane may either be a curved plane similar to that ex
perienced in passive soil failures of retaming walls, or a relatively straight horizontal 
plane, extending from the bottom of the lugs to the header bank beneath the structure. 
This soil property, which the authors call shear strength, determines the minimum 
distance between lugs and the total distance from the header bank to the last lug in the 
anchorage system. The other form of soil stress is through a localized failure in the 
vicinity of each lug similar to a foundation bearing or "punching" faihire- hence the 
authors name this type of failure a bearing failure. The soil bearmg properties deter
mine the number and size of the anchor lugs. The Texas Highway Department uses the 
triaxial method to measure the shear properties of soils and considerable experience 
has been obtained in Texas soils (6). The penetrometer test, used in Texas for meas
uring bearing properties in connection with bridge foundation design, has been corre
lated with triaxial tests and used throughout the State (7). 

Design Development 
In developing a rational design for the anchor lugs, it is assumed that a well-com

pacted soil will allow the anchor lug to move about % in. before the soil's full shear 
and bearing resistances are developed. Using typical weak subgrades found in many 
areas of the State, an ultimate shear strength of 8 psi and an ultimate bearing capacity 
of 8,000 psf might be expected. Climatic records indicate that the average maximum 
temperature change that can be expected m the concrete pavement in the areas of Texas 
where concrete is most widely used would not exceed 70 F . From the preceding as
sumptions and factors, a total restraining force of 107,700 lb per ft of width of pave
ment would be required in an 8-in. thick slab. This value may be arrived at in two 
ways: (a) by assuming the 70 F temperature change, then computing the restraining 
force from Hooke's law and reducing it for a Va-in. movement in 300 ft, or (b) by as
suming the iVa-in. observed movement occurs in the 300 ft (determined from observa
tion of continuously reinforced concrete pavement) and computmg the force by consider
ing a restraint of 1 in. in 300 ft. 

Using the previously mentioned soil properties, a total of five 3-ft deep lugs, or 
seven 2-ft deep lugs, spaced over a minimum distance of 95 ft from the terminus of 
the slab are needed to carry the developed restraining force without overstressing the 
soil in either shear or bearing. 

The lug length, or depth selected, is 3 ft rather than 2 ft because the 3-ft lug design 
is believed more economical. The lug thickness of 2 ft was selected for the same 
reasons as stated earlier m the jointed concrete pavement lug design discussion. 

Based on this criteria, a recommended terminal anchorage design detail has been 
prepared, as shown in Figure 7. The .detail is by no means a standard detail but is 
subject to revision as experience warrants. A marked similarity can be seen between 
this detail and the one shown in Figure 6 (lug anchorage for jointed pavement). Slightly 
more reinforcement has been placed in the lug anchor shown in Figure 7. Whether or 
not more reinforcement is fully warranted will not be definitely known until the design 
has been subjected to actual stresses for several years. The detail is designed for use 
with an 8-, 7-, or 6-in. thick concrete pavement—the number of lugs varying with the 
thickness of pavement. This is readily understood when considering that the restrain
ing force is directly related to the cross-sectional area of the concrete— the smaller 
the concrete area, the lower the restraining force and consequently the less the number 
of lugs required. 
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T A B L E 2 

CONTINUOUSLY REINFORCED CONCRETE PAVEMENT PROJECTS 
CONTAINING TERMINAL ANCHORACffiS 

REF 
NO 

CONCRETE 
THICKNESS 

(IH) 

LUG DESIGN 
REF 
NO COUNTY PROJECT HIGHWAY AND LIMITS 

CONCRETE 
THICKNESS 

(IH) 
aSWKE 

FROM BfaOGt 
TOFIBSTLUC 

(FT) 

NUUER 
Afo sptcm 

OF LUGS 
(FT) 

tUMCR AM 
SZE OF 

EXPAItiXW 
JOWTStIK) 

DATE 
CONTRACT 

LET 

1 1 45-2(3)102 IH 45 Fran Monlgonwy County LIiw N to 
HuntivllU Loop 

8 36 
41 
46 
61 

5 
4< 
3( 
2( 

a 16 
i>2i 

341 

l a o - l 1/2 1/60 

2 HcBTli U S\*W, US 59 Fran Lancodilre Lono to Ktiby tm 8 ML 
6FR 

30 5 ( i x 1 a o - l 1/2 11/60 

3 Ja(T«non US I2BI(3) SH 347 Fran SH 73 Northwat 2 0 MT 7 36 5« i 16 1 ao- 1 1/2 3/61 
4 D d i o 1 35E-«(4I)443 IH35E FranopolMS of SouHiwoll U to Hw 

North City UnlH of Ddloi 
8 ML 
SFI 

36 5C §>I6 1 a o - l 1/3 4/61 

5 Dcllm . 35E-6(B9)443 IH 35E Fran e point N of SH 114 to a point South 
of South<rtll tood 

8 ML 
8 F I 

36 5C i>l6 1 a o - l 1/2 4/61 

t elPgio 1 10-1(491024 IH lOi Trarrfarldga St to T & NO Ovoipon ot 
Ft BIUi!pi» 

8 30 56 ills 1 a o - l 1/2 4/61 

7 Horrrt I4J-I(U)S0 IH 45 Fr Qulnnan St to In to rdw^ wllh North 
Locp Froowoy 

8 30 5 l i »20 I a o - l 1/2 4/61 

g Horli 1 45-l(5J)49 IH 45i Vicinity T & NO » b l i ^ to vklnlly of 
HogonSt Brid^ 

8 30 5$ 1120 1 a o - l 1/2 4/61 

9 Jafftnon U I052IU) SH 73J Fran SH 87 to US 69 8 ML 
6F> 

36 5S M6 1 a o - l 1/2 3/61 

10 J«ff«non 1 10-8(47)044 IH lOi Fran Wddvi Rd In BMumont to 0 6 M]l« 
Notthooil of FM 365 

8 ML 
68 

36 SIS 
4 « 

> 16 
> 16 

1 o o - l 1/2 6/61 

I I SmlHi I20-<(24)S37 IH 20i Fran Von Zonft County Una to 6 6 Ml Eat 8 ML 
7 SCI 

36 5(3 
413 

16 
16 

1 ao - l 1/2 V 6 I 

12 Hoirti 1 «IO-7(gO)8l4 IH 6IOt From Woerfaoy Dr to llaiiipilaud Rood 8 ML 
4 F> 

30 5S 20 1 0 0 - 2 V 6 I 

13 J*ff«fnn U 1032(56) SH 73t 0 181 Ml E of US 69 to 0 203 Ml W 
of US 69 
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Terminal Anchorage Projects 

As of this writing there are 15 contmuously reinforced concrete pavement projects 
in Texas, completed or under construction, employing lug anchorages at terminals. 
Table 2 gives al l 15 projects. Although the majority of the projects are located in the 
coastal region of the State, a few are being built in other areas which will afford an ex
cellent means of comparing the effects of different soil, traffic, and climatic conditions. 

Inasmuch as this design is highly e:q)erimental and as yet largely unverified, an ex
perimental project was constructed varying the terminal anchorage design (Reference 1, 
Table 2). In addition to the five-lug design, four-, three-, and even two-lug designs 
were constructed. The designs used and their locations are shown in Figure 8. For 
this project, it was assumed that the restraining force was correct; therefore, the 
fewer the number of lugs, the greater the stress on each lug and hence the more rem-
forcing steel required as shown in the figure. 

Brass gage plugs were installed on either side of all the expansion joints on this ex
perimental project. With these gage plugs, joint movement to the nearest 0.01 in. can 
be accurately measured. The plugs were installed as the concrete was bemg placed, 
the earliest set being placed in September 1960. Measurements have been made at 
selected intervals for approximately one year as of this writing, and the results are 
shown m Figures 9 and 10. Figure 9 represents the older concrete placed in September 
1960. It is apparent that the movements are relatively minor (being less than 0. 40 in. 
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Figure 10. Continuously reinforced concrete pavement measured terminal movement at the 
Caney Creek Bridge (project 11*5-2(3)102, Walker Co.). 
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in either direction). There seemd to be a correlation between terminal joint movement 
and air temperature for small movement, but it would be erroneous to assume that this 
relationship would necessarily continue for temperatures higher or lower than those 
shown. The difference in movement between the four-lug system and the five-lug sys
tem IS negligible as seen from the parallel lines in the figure. The difference in the 
location of the two lines is due to the different air temperatures at time of concrete 
placement for each design. Figure 10 shows the result of measurements taken at the 
Caney Creek Bridge location. Here, no apparent correlation exists between air tem
perature and terminal movement. All of the observed movement has been in the closing 
of the ]oint which is due to the low temperature at which the concrete was placed. All 
results of measurements shown on Figures 9 and 10 represent only the beginning of 
the e;<perimental research program. Many more seasons are required before any defi
nite information can be obtained on the suitability of one design over another. 

Although it has been mentioned several times in this report, the authors believe it 
to be important enought to re-emphasize that the information presented herein repre
sents only the beginning of the study that will be made on pavement anchorages. Few 
data of definite value have been obtamed to date. Movement vs short time measure
ments have been made on the Walker County lug anchorage project and the results are 
shown in Figure 11. The figure shows that, as the surface temperature of the concrete 
dropped, the terminal joints opened slightly (pavement contracted) and, as the surface 
temperature of the concrete raised, the terminal joints closed slightly. The rate of 
change of joint movement for the two-lug system was almost the same as for the five-
lug system. However, this should not be misconstrued to indicate that the two-lug is 
necessarily satisfactory. The pavement is still too young, and insufficient measure
ments have been taken to draw such an inference. Also, the amount of movement oc-
curmg to date indicates that this movement is insufficient to establish the full passive 
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resistance of the soil. Until sufficient movement occurs to develop pressure on a l l the 
lugs any results will not be indicative of the number of lugs in the system. Therefore, 
the figure is presented for information only, and no conclusions are drawn from it at 
this time. 

CONCLUSION 

In this report, the authors have attempted to present the knowledge gained to date 
in Texas through the use of termmal anchorages for concrete pavements. The problems 
of terminal pavement movements is a major one presenting unique problems to the 
highway engineer. Concerning one method of possible solution to this problem, the 
terminal anchorage system, the following conclusions are offered: 

1. Lug-type terminal anchorages are performing in an outstanding manner after 
two years in service on jointed types of pavements. 

2. Insufficient time has elapsed smce the construction of the first lug-type terminal 
anchorage system for contmuously reinforced concrete pavement to form any conclu
sions. However, it is believed that this type of approach to the problem is sound and 
the major taskmvolves a decision as to which anchorage system will give the best a l l 
around solution. 

3. This report is considered a progress report, presenting only the magnitude of 
the problem and the methods now under study in Texas toward solving the problem. 
As more information is obtamed further reports will be written. 

4. The authors feel the design details presented herein will help alleviate the detri
mental terminal movements of concrete pavement m Texas. However, these designs 
are not necessarily the final answer. 
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Discussion 
R . A . M I T C H E L L , Highway Research Engineer, Virginia Council of Highway Investi
gations and Research, Charlottesville—The authors have made a valuable contribution 
with this report. The fact that they are continuing to observe and take measurements 
on such a large number of pavement anchors ensures that their subsequent reports are 
anxiously awaited. 

Under "Design Development" it is suggested that the authors have used the following 
quantities in determining the force required to control end movement: (a) temperature 
range, (b) pavement thickness, (c) end movement if anchors are not used, (d) end 
movement permitted with anchors, and (e) total length of pavement movmg. Presum
ably they also assume a modulus of elasticity and a thermal coefficient for the pavement. 
Are these quantities, along with the shear and bearing capacities of the soil, the only 
ones used to determme the size, number, and spacing of the anchor units? The method 
of analysis used by the authors is not explicitely stated m the paper but presumably 
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such quantities as subgrade friction, slab and anchor stiffness, and compressive mod
ulus of the subgrade were not used in the analysis. 

For several months the writer has been engaged ui an extensive theoretical and ex
perimental study of pavement anchors. Tentative results indicate that subgrade friction, 
subgrade modulus, and anchor and slab stiffness, as well as most of those quantities 
suggested by the authors, are of first order importance m determining the behavior of 
an anchored pavement. The quantities suggested by the writer may be difficult to eval
uate but to ignore them would seem to be an unwarranted simplification. 

In his project, the writer is making a parameter study usmg a high-speed computer. 
By studying the degree of importance of the various parameters it is hoped that a prac
tical and accurate design method can be developed. A design procedure presentmg 
precalculated relationships in the form of curves is being developed. A report on this 
project will be submitted in the future. 




