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Figure 2.8. Continued
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“Figore 2120 Typical distribution of shearing stresses in a thres-layered svstemn. (From Nielson.)
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Figure 2.13. InBuence of a/_h on the depth and magnitude of
K= K. = 20. (From Nielson.)

(rre/p) for o =235 inches and
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Figure 2.15. Variatien of vertical stress with depth, Boussinesg problem,
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Figure 2.16, Lffect of number of wheels on verics] stress. Bousinesg problem. Notes (1) All
tires have 100 psi infation. (2) Depth at which interaction of dual wheels is signifimm is about
cqual to one-half the clear distance hetween tires. (3) Depth 2t which dual tires will act as 2
single tire is zbout two times the c-c spacing of the tires,
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This section covers asphalt concrete-surfaced pavements (ACP), including ACP over-
lays on either asphalt concrete (AC) or portland cement concrete (PCC) pavements,
Each of the distresses has been grouped into one of the following categories:

A. Cracking

B. Patching and Potholes
C. Surface Deformation

D. Surface Defects

E. Miscellaneous Distresses

Table 1 summarizes the various types of distress and unit of measurement. Some
distresses also have defined severity levels.

DEFINED
DISTRESS UNIT OF SEVERITY
TYPE MEASURE LEVELS?
A. Cracking / page 3
1. Fatigue Cracking Square Meters Yes
2. Block Cracking Square Meters Yes
3. Edge Cracking Meters Yes
4a. Wheel Path Longitudinal Cracking Meters Yes
4b. Non-Wheel Path Longitudinal Cracking | Meters Yes
5. Reflection Cracking at Joints
Transverse Reflection Cracking Not Measured N/A
Longitudinal Reflection Cracking Not Measured N/A
6. Transverse Cracking Number, Meters Yes
. Paiching and Potholes / page 15
7. Patch/Patch Deterioration Number, Square Meters Yes
8, Potholes Number, Square Meters Yes
Surface Deformation / page 21
9. Rutting Millimeters No
10, Shoving Number, Square Meters No
. Surface Defects / page 25
11. Bleeding Square Meters No
12. Polished Aggregate Square Meters No
13. Raveling Square Meters No
. Miscellaneous Distresses / page 29
14, Lane-to-Shoulder Dropoff Not Measured N/A
15, Water Bleeding and Pumping Number, Meters No

DISTRESSES
FOR
PAVEMENTS
WITH
ASPHALT
CONCRETE
SURFACES
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FATIGUE CRACKING

Description

Occurs in areas subjected to repeated traffic loadings (wheel paths). Can be a
series of interconnected cracks in early stages of development. Develops into
many-sided, sharp-angled pieces, usually less than 0.3 meters (m) on the longest
side, characteristically with a chicken wire/alligator pattern, in later stages.

Must have a quantifiable area.

Severity Levels
LOW

An area of cracks with no or only a few connecting cracks; cracks are not

spalled or sealed; pumping is not evident.
MODERATE

An area of interconnected cracks forming a complete pattern; cracks may be

slightly spalled; cracks may be sealed; pumping is not evident.

HIGH

An area of moderately or severely spalled interconnected cracks forming a
complete pattern; pieces may move when subjected to traffic; cracks may be

sealed; pumping may be evident.

How to Measure

Record square meters of affected area at each severity level.

If different

severity levels existing within an area cannot be distinguished, rate the entire

area at the highest severity present.

€
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FIGURE 3

Distress Type ACP 1—Fatigue Cracking
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BLOCK CRACKING

Description

A pattern of cracks that divides the pavement into approximately rectangular
pieces. Rectangular blocks range in size from approximately 0.1 m? to 10 m2.

Lty tsuwne. qwae u& i B +€~r-€z\-ef't W m’f k“i""‘?”t' 2A
SEVEl'lty Levels - Z/—‘L—U £ tﬁ-{f/:i \.’yﬁ -'ef-‘- tﬁ-.'\“\-%
LOW . :

Cracks with a mean width £ 6 millimeters (mmJ; or sealed cracks with sealant
material in good condition and with a width that cannot be determined.

MODERATE
Cracks with a mean width > 6 mm and £ 19 mm; or any crack with a mean
width € 19 mm and adjacent low severity random cracking.

HIGH
Cracks with a mean width > 19 mm; or any crack with a mean width £ 19 mm
and adjacent moderate to high severity random cracking.

4 Howto Measure

H- A [ Hhoo ciw Tie. Record square meters of affected area at each severity level. If fatigue cracking
: exists within the block cracking area, the area of block cracking is reduced by
'-’-'wﬁ\’ & i avelifla Q% fle the area of fatigue cracking.

Note: An occurrence should be at least 15 m long before rating as block cracking,

P:x{ny,.,ﬂ' diea D F

o fAGoe (Stowg =
wheed CJXLGQQka}. ) '

FIGURE 8
Distress Type ACP 2—Block Cracking

ASPHALT
CONCRETE
FIGURE 9 FIGURE 10
SURFACES Distress Type ACP 2—Block Cracking Distress Type ACP 2—High Severity
with Fatigue Cracking in the Wheel Paths Block Cracking
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LONGITUDINAL CRACKING

Description
Cracks predominantly parallel to pavement centerline. Location within the lane
(wheel path versus non-wheel path) is significant.

Severity levels

LOwW
A crack with a mean width £ 6 mm: or a sealed crack with sealant material in
good condition and with a width that cannot be determined.

MODERATE

Any crack with a mean width > 6 mm and £ 19 mm; or any crack with a mean
width £ 19 mm and adjacent low severity random cracking,

HIGH
Any crack with a mean width > 19 mm; or any crack with a2 mean width < 19
mm and adjacent moderate to high severity random cracking.

e & I
el el il

it { ———®

FIGURE 13

Distress Type ACP 4—Longitudinal Cracking
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REFLECTION CRACKING AT JOINTS

Description

Cracks in asphalt concrete overlay surfaces that occur over joints in concrete
pavements.

Note: The slab dimensions beneath the AC surface must be known to identify
reflection cracks at joints.

Severity Levels

LowW

An unsealed crack with a mean width £ 6 mm; or a sealed crack with sealant
material in good condition and with a width that cannot be determined.
MODERATE

Any crack with a mean width > 6 mm and £ 19 mm; or any crack with a mean
width £ 19 mm and adjacent low severity random cracking.

HIGH

Any crack with a mean width > 19 mm; or any crack with a mean width < 19
mm and adjacent moderate to high severity random cracking.

Distress Type ACP 5—Reflection
Cracking at Joints

wp
o 1l

el B 0= | Fa iy
SURFACES
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FIGURE 16
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TRANSVERSE CRACKING

Description
Cracks that are predominantly perpendicular to pavement centerline.
-:—b could e Hlaen V\-'Z:i l‘_.f.'a-c,"x'h'\m,gi\'
Severity Levels
Low

An unsealed crack with a mean width € 6 mm; or a sealed crack with sealant
material in good condition and with a width that cannot be determined.

MODERATE

Any crack with a mean width > 6 mm and < 19 mm; or any crack with a mean
width £ 19 mm and adjacent low severity random cracking.

HIGH

Any crack with a mean width > 19 mm; or any crack with a mean width < 19
mm and adjacent moderate to high severity random cracking.

3mm - &
12 mm
] e B
bitied B
Traffic
——
4 mm Fime
SHOULDER
Dy // @ /2
Edge
Stripe
Note:  Rate entire crack at highest level
present for 10% or more of total
crack length
Distress typa 6, Low saverity
FIGURE 18

Distress Type ACP 6—Transverse Cracking Asphalt Concrete Surfaces
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This section includes the following distresses: Patching
7. Patch/Patch Deterioration a_ng
8. Potholes Potholes
15

y:
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FIGURE 23
Distress Type ACP 7—Low Severity Patch

FIGURE 24
Distress Type ACP 7—Moderate Severity Patch

s

Patching
FIGURE 25 e
Distress Type ACP 7—High Severity Patch Potholes

17
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FIGURE 27
Distress Type ACP 8—Low Severity Pothole

FIGURE 28
Distress Type ACP 8—Moderate
Severity Pothole

FIGURE 29
Distress Type ACP 8—Moderate
Severity Pothole, Close-up View

FIGURE 30
Distress Type ACP 8—High Severity
Pothole, Close-up View

19

Patching
and
Potholes
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CONCRETE
SURFACES
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A rut is a longitudinal surface depression in the wheel path, It may have
associated transverse displacement.

Description

Severity Levels

Not applicable, Severity levels could be defined by categorizing the
measurements taken. A record of the measurements taken is much more
desirable, because it is more accurate and repeatable than are severity levels.

How to Measure

Specific Pavement Studies (SPS)-3 ONLY. Record maximum rut depth to the
nearest millimeter, at 15.25-m intervals for each wheel path, as measured with a
1.2-m straight edge.

All other LTPP sections:
Transverse profile is
measured with a Dipstick®
profiler at 15.25-m intervals.

FIGURE 31
Distress Type ACP 9—Rutting

FIGURE 32 FIGURE 33
Distress Type ACP 9—Rutting Distress Type ACP 9—Standing Water in Ruts
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This section includes the following types of surface defects: Surface

11. Bleeding Defects
12. Polished Aggregate
13. Raveling

/
fa

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 115 di 286



© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 117 di 286

POLISHED AGGREGATE

Description
Surface binder worn away to expose coarse aggregate.

Ly Zeven srad aonstence coaed by

Severity Levels Lagh shean emed —is e%:aﬂ,e%ait Leng | Meac wicvd@ <ot e .

Not applicable. However, the degree of polishing may be reflected in a
reduction of surface friction.

How to Measure

Record square meters of affected surface area, Polished aggregate should not
be rated on test sections that have received a preventive maintenance treatment
that has covered the original pavement surface.

FIGURE 39
Distress Type ACP 12—Polished
Aggregate

27

Surface
Defects

6¢
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This section includes the following distresses: Miscellaneous

14. Lane-to-Shoulder Dropoff Distresses
15. Water Bleeding and Pumping

29
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WATER BLEEDING AND PUMPING

Description

Seeping or ejection of water from beneath the pavement through eracks.
In some cases, detectable by deposits of fine material left on the pavement
surface, which were eroded (pumped) from the support layers and have
stained the surface.

Severity Levels

Not applicable. Severity levels are not used because the amount and degree of
water bleeding and pumping changes with varying moisture conditions.

How to Measure

Record the number of occurrences of water bleeding and pumping and the
length in meters of affected pavement with a minimum length of 1 m.

Note. The combined length of water bleeding and pumping cannot exceed the
length of the test section.

FIGURE 45
Distress Type ACP 15—Water Bleeding
and Pumping

FIGURE 46 Miscellaneous
Distress Type ACP 15—Fine Material Left on ey
Surface by Water Bleeding and Pumping Distresses

31
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This section includes the following types of distresses: Cracking
1. Corner Breaks

2, Durability Cracking (“D” Cracking)
3. Longitudinal Cracking

4. Transverse Cracking

Figure 47 illustrates the proper measurement of crack width and width of spalling
for cracks and joints.

Spalled Crack Spalled Joint Crack Widih

. -
Pl S T

S0

= — -y

doint Z
s

SN

0
Edge
Joint

FIGURE 47
Measuring Widths of Spalls and Cracks in Jointed Concrete Pavement

35
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DURABILITY CRACKING (“D"” CRACKING)

Description
Closely spaced crescent-shaped hairline cracking pattern.

Occurs adjacent to joints, cracks, or free edges; initiating in slab corners, Dark
coloring of the cracking pattern and surrounding area,

How to Measure

Record number of slabs with “D" cracking and square meters of area affected
at each severity level. The slab and affected area severity rating is based on the
highest severity level present for at least 10 percent of the area affected.

Severity Levels

Low

“D" cracks are tight, with no loose or missing pieces, and no patching is in the
affected area.

MODERATE

“D* cracks are well-defined, and some small pieces are loose or have been
displaced.

HIGH

“D" cracking has a well-developed patern, with a significant amount of loose or
missing material. Displaced pieces, up to 0.1 m? may have been patched.

Slab
p—

= i

FIGURE 51
Distress Type JCP 2—Durability Cracking (“D” Cracking)

FIGURE 53
Distress Type
JCP 2—itigh
Severity “D”,

e FIGURE 52 Cracking wit

tress Type JCP 2— i
Moderate Severity “D” LO6SE
Cracki ith Well- Missing Material %
Defined Pattern Crackmg
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How to Measure

Record length in meters of longitudinal cracking at each severity lev@_?], Also
record length in meters of longitudinal cracking with sealant in good condition
ateachoseventylevel oo o e o L

:

FIGURE 55
Distress Type JCP 3—Low Severity
Longitudinal Cracking

FIGURE 56
Distress Type JCP 3—Moderate Severity
Longitudinal Cracking

FIGUEE? i
Distress Type JCP 3—High Severity
Longitudinal Cracking

39

Cracking

(%

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 127 di 286



© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 129 di 286

How to Measure

Record number and length of transverse cracks at each severity level. Rate the
entire transverse crack at the highest severity level present for at least 10 percent
_of the total length of the crack. Length recorded, in meters, is the total length
_ of the crack and is assigned to the highest severity level present for at least
10 percent of the total length of the crack.

Also record the length, in meters, of transverse cracking at each severity level
with sealant in good condition. The length recorded, in meters, is the total length
of the well-sealed crack and is assigned to the severity level of the crack. Record
only when the sealant is in good condition for at least 90 percent of the length
of the crack.

FIGURE 59
Distress Type JCP 4—Moderate Severity
Transverse Cracking '

FIGURE 60
Distress Type JCP 4—High Severity Transverse,
Cracking

Cracking

41
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JOINT SEAL DAMAGE
 Sesdk wecemay o bae o Loug Lok sy
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Joint seal damage is any condition which enables incompressible materials or

water to infiltrate the joint from the surface. Typical types of joint seal damage
are: :

s s m\u{ e veedd
TQ ,Ml SD\ud-_‘_i;‘ \N.\lﬂ’\
AT Mﬂﬂ wke \»/a'rtemafl Extrusion, hardening, adhesive failure (bonding), cohesive failure (splitting), or

e complete loss of sealant.
A L%
waietrn doer Intrusion of foreign material in the joint,

lhansdeun witlh lowo Weed growth in the joint.
4{9.,(,0\)2*0';-@ iU
5a. TRANSVERSE JOINT SEAL DAMAGE
(@At el EA'U\ -
Severity Levels
LOW

Joint seal damage as described above
exists over less than 10 percent of the
joint.

MODERATE

Joint seal damage as described above
exists over 10-50 percent of the joint.

HIGH FIGURE 61

Joint seal damage as described above  pictress Type JCP 5—Low Severity
exists over more than 50 percent of  Joint Seal Damage

the joint,

How to Measure

Indicate whether the transverse joints have been sealed (yes or no), If yes,
record number of sealed transverse joints at each severity level. Any joint seal
with no apparent damage is considered to be low severity.

5b. LONGITUDINAL JOINT SEAL DAMAGE Y

Severity Levels
None.
How to Measure
Record number of longitudinal joints
JOINTED that are sealed (0, 1, 2). Record 1otal
length of sealed longitudinal joints with
PORTLAND joint seal damage as described above,
CEMENT Individual occurrences are recorded FIGURE 62
CONCRETE only when at least 1 m in length. Distress Type JCP 5—Moderate Severity
Joint Seal Damage
SURFACES
EE
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SPALLING OF TRANSVERSE JOINTS

Description

Cracking, breaking, chipping, or fraying of slab edges within 0.3 m from the
face of the transverse joint.

Severity Levels Weth of Spat
Low 3 0 ==

el Al
A B (o} D
Spalls < 75 mm wide, fo A I
measured to the face of Mot Gountedt a o

the joint, with loss of

material, or spalls with .
no loss of material and e ey ERTm—
no patching. e

1 m High i [ D
MODERATE i )‘i b Low
Spalls 75 mm 1o 150 < - =
mm wide, measured to @ @
the face of the joint, S
with loss of material. tote: (7H) istrass typa 7, Hign severiy
HIGH

Spalls > 150 mm wide, FIGURE 66

measured to the face of Distress Type JCP 7—Spalling of Transverse Joints
the joint, with loss of

material, or broken into two or more pieces, or contains patch material.

How to Measure

Record number of affected transverse joints at each severity level. A joint is
affected only if the total length of spalling is 10 percent or more of the length
of the joint. Rate the entire transverse joint at the highest severity level present
for at least 10 percent of the total length of the spalling.

Record length in meters of the spalled portion of the joint at the assigned
severity level for the joint. Spalls that have been repaired by completely
removing all broken pieces and replacing them with patching material (rigid or
flexible) should be rated as a patch. 1f the boundaries of the spall are visible,
then also rate as a high severity spall. Note: All patches meeting size criteria
are rated as patches.

JOINTED S
PORTLAND FIGURE 68
CEMENT ey e
S = 0 SYErse
CONCRETE | =S S Joto, Closeup view
SURFACES Distress Type JCP 7—Moderate Severity
Spalling of Transverse Joint, Far View
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MAP CRACKING AND SCALING
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8a. MAP CRACKING ~°

/../
Description
A series of cracks that extend only into the upper surface of the slab. Larger

cracks frequently are oriented in the longitudinal direction of the pavement and
are interconnected by finer transverse or random cracks,

Severity Levels
Not applicable.

How to Measure

Record the number of occurrences
and the square meters of affected
ared,

- 8b. SCALING GRDBC e
Distress Type JCP 8a—Map Cracking
Description
Scaling is the deterioration of the upper concrete slab surface, normally 3 mm
to 13 mm, and may occur anywhere over the pavement.

Severity Levels
Not applicable.

‘H/?/‘Jz, \§ S {ewaw 'b'k
o) The whken oA How to Measure
Record the number of occurrences and the square meters of affected area.
JOINTED FIGURE 70
RORTLAND Jf (St it e steton
CEMENT
CONCRETE s
1
SURFACES Distress Type JCP 8b—Scaling, Close-up View
48
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JOINTED
PORTLAND
CEMENT
CONCRETE
SURFACES

50

POPOUTS

Description

Small pieces of pavement broken loose from the surface, normally ranging in
diameter from 25 mm to 100 mm, and depth from 13 mm'to 50 mm.

Severity Levels

Not applicable. However, severity levels can be defined in relation to the
intensity of popouts as measured below:.

How to Measure

Not recorded in LTPP surveys.

H' sut o 4’(‘(00'{\.}(@( ?'{Q\J:}(.E.M

A By Oumhwm%'
f—— =tm ——f representat)
/ >25mm 2 s e B the saction 8.g.
® i ZPOPOUS \ @ | 2 popouts/sg m

FIGURE 73
Distress Type JCP 10—Popouts

FIGURE 74
Distress Type JCP 10—A Popout
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JOINTED
PORTLAND
CEMENT
CONCRETE
SURFACES
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Localized upward movement of the pavement surface at 1ran_s\ erse joints or
cracks, often accompanied by shattering of the concrete in that area.

Description

Severity Levels
Not applicable. However, severity levels can be defined by the relative effect of
a blowup on ride quality and safety.

How to Measure

Record the number of blowups.

e

G Joint
ol I
Joint -~ Joint
s
| Traffic
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—
A 77
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FIGURE 75

Distress Type JCP 11—Blowups

FIGURE 76
Distress Type JCP 11—A Blowup

Thew sy s F\G\')IE:U"\ v Belzauno '.,Jdafcaii( UJWAE‘,,},

duﬂ 1o a Lf“/vb\‘-'\ .SLO(‘{'_ "'\.ufr\d{.)uc"\ (s ('.‘yw:ﬁi{'t-d 1 ‘,;,.JL\M

dd  Gstreng ‘('1-"‘47/ '{\;7‘ s o} -QS(\RM\-.{ —h'ﬂ-&&/ hhrove bedsue
c% \mc};ur sernole Wmare |

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 139 di 286



© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 141 di 286

LANE-TO-SHOULDER DROPOFF

Description

Difference in elevation between the edge of slab and outside shoulder;
typically occurs when the outside shoulder settles.

Severity Levels

Not applicable. Severity levels can be defined by categorizing the measurements
taken. A complete record of the measurements taken is much more desirable,
however, because it is more accurate and repeatable than are severity levels,

How to Measure

Measure at the longitudinal construction joint between the lane edge and the
shoulder.

Record to the nearest millimeter at 15.25-m intervals along the lane-to-shoulder
joint.

If the traveled surface is lower than the shoulder, record as a negative (-)
value.

777
D o

FIGURE 79
Distress Type JCP 13—
Lane-to-Shoulder Dropoff
JOINTED
PORTLAND
CEMEBNT
CONCRETE FIGURE 80
SURFACES Distress Type JCP 13—

Lane-to-Shoulder Dropoff
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PATCH/PATCH DETERIORATION

Description

A portion, greater than 0.1 m?, or all of the original concrete slab that has been
... removed and replaced, or additional material applied to the pavement after
original construction.

Ly T deterinslioe depeds oun The
Severity Levels uetedd  osed
Low
Patch has low severity distress of any type; and no measurable faulting or
settlement; pumping is not evident.

MODERATE
Patch has moderate severity distress of any type; or faulting or settlement up to
6 mm; pumping is not evident.

HIGH
Patch has a high severity distress of any type; or faulting or settlement 2 6 mm;
pumping may be evident.

FIGURE 84
Distress Type JCP 15—Patch/Patch Deterioration

JOINTED
PORTLAND

CEMENT S 8o
CONCRETE Distress Type JCP 15—Small, Low
SURFACES Severity Asphalt Concrete Patch

56 >

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 143 di 286



© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 145 di 286

WATER BLEEDING AND PUMPING

Description

Seeping or ejection of water from beneath the pavement through cracks. In
some cases, detectable by deposits of fine material left on the pavement
surface, which were eroded (pumped) from the support layers and have
stained the surface.

3

Severity Levels
Not applicable, Severity levels are not used because the amount and degree of
water bleeding and pumping changes with varying moisture conditions.

How to Measure

Record the number of occurrences of water bleeding and pumping and the
length in meters of affected pavement with a minimum length of 1 m.

Note, The combined length of water bleeding and pumping cannot exceed the
length of the test section.

FIGURE 89

Disi Type JCP 16—Water Bleeding
and Pumping
JOINTED |
PORTLAND :
CEMENT '
CONCRETE
SURFACES
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This section includes the following distresses: Cracking
1. Durability Cracking (“D” Cracking)
2. Longitudinal Cracking

3. Transverse Cracking

61

‘}C
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LONGITUDINAL CRACKING

Description i

Cracks that are predominantly parallel to the pavement centerline.

Severity Levels
LOW

Crack widths < 3 mm, no spalling, and there is no measurable faulting; or well-
sealed and with a width that cannot be determined.

MODERATE
Crack widths 2 3 mm and < 13 mm; or with spalling < 75 mm; or faulting up
to 13 mm.

HIGH
Crack widths = 13 mmy; or with spalling 2 75 mm; or faulting = 13 mm.

How to Measure

Record length in meters of longitudinal cracking at each severity level. Also
record length in meters of longitudinal cracking with sealant in good condition
at each severity level.

s

FIGURE 93
Distress Type CRCP 2—Longitudinal Cracking

Figure 94 FIGURE 95

Distress Type CRCP 2—Low Severity Distress Type CRCP 2—High Severity
Longitudinal Cracking Longitudinal Cracking
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Cracking

/o
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How to Measure

Record separately the number and length in meters of tmnsve:s_{e cracking at
each severity level. The sum of all the individual crack lengths shall be recorded.
' Then record the total number of transverse cracks within the survey section.

Note: Cracks that do not cross midlane, although not counted, s;l}auld be
drawn on the map sheets, i

T i AT

FIGURE 98
Distress Type CRCP 3—Low
Severity Transverse Cracking

FIGURE 99 ]
Distress Type CRCP 3—Moderate
Severity Transverse Cracking
i
FIGURE 100
Distress Type CRCP 3—High Severity 0
= ikt Cracking
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n MAP CRACKING AND SCALING

4a. MAP CRACKING

2

Description g
A series of cracks that extend only into the upper surface of the slab. Larger

cracks frequently are oriented in the longitudinal direction of the pavement and
are interconnected by finer transverse or random cracks.

Severity Levels
Not applicable.

How to Measure

Record the number of occurrences
and the square meters of affected
area. When an entire section is
affected with map cracking, it
should be considered one

PRI FIGURE 101
Distress Type CRCP 4a—Map Cracking
4b. SCALING Attributable to Alkali-Silica Reactivity
&
Description

Scaling is the deterioration of the upper concrete slab surface, normally 3 mm
to 13 mm, and may occur anywhere over the pavement.

Severity Levels
Not applicable.

How to Measure

Record the number of occurrences and the
square meters of affected area,

CONTINUOUSLY UE i
REINFORCED il SO
CONCRETE
SURFACES
68
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CONTINUQUSLY
REINFORCED
CONCRETE
SURFACES

70

POPOUTS

Description

Small pieces of pavement broken loose from the surface, iaorma]]y ranging in
diameter from 25 mm to 100 mm and depth from 13 mm to 50 mm.

Severity Levels

Not applicable. However, severity levels can be defined in relation to the
intensity of popouts as measured below,

How to Measure
Not recorded in LTPP surveys.

2 popouts
3 iz _ cwmwnﬂ
@ > Esmm Eule 0z the section ..
L @ T 2 popouts’sq m
(4] o
}{.25'“"' m
--qu-— E o J_
<25 mm R s e

FIGURE 104
Distress Type CRCP 6—Popouts

FIGURE 105
Distress Type CRCP 6—Popouts
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ﬂ BLOWUPS

Description

Localized upward movement of the pavement surface at transverse joints or
cracks, often accompanied by shattering of the concrete in that area.

Severity Levels
Not applicable.
However, severity
levels can be
defined by the
relative effect of a
blowup on ride
quality and safety.

How to Measure

Record number of
blowups.

ot

FIGURE 106
Distress Type CRCP 7—Blowups

FIGURE 108
Distress Type CRCP 7—Close-up View
of a Blowup

FIGURE 107
Distress Type CRCP 7—A Blowup

CONTINUOUSLY
REINFORCED
CONCRETE FIGURE 109
Distress CRCP 7—Ex Steel
SURFACES s L Reee
T2 7
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CONTINUOUSLY
REINFORCED
CONCRETE
SURFACES

-74

LANE-TO-SHOULDER DROPOFF

Description !
Difference in elevation between the edge of slab and oulsii:le shoulder;
typically occurs when the outside shoulder settles.

Severity Levels

Not applicable. Severity levels could be defined by categorizing the measurements
taken, A complete record of the measurements taken is much more desirable,
however, because it is more accurate and repeatable than are severity levels,

How to Measure

Measure at the longitudinal construction joint between the lane edge and the
shoulder.

Record in millimeters to the nearest millimeter at 15.25-m intervals along the
lane-to-shoulder joint.

If the traveled surface is lower than the shoulder, record as a negative (-) value.

& Joint

FIGURE 114
Distress Type CRCP 9—Lane-to-
Shoulder Dropoff Bm—

FIGURE 115 -
Distress Type CRCP 9—Lane-to-
Shoulder Dropoff
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76

PATCH/PATCH DETERIORATION

Description

A portion, greater than 0.1 m? or all of the original concrete slab that has been
removed and replaced, or additional material applied to thé pavement after
original construction.

Severity Levels
LOwW
Paich has, at most, low severity distress of any type; and no measurable
faulting or settlement; pumping is not evident.

MODERATE

Patch has moderate severity distress of any type; or faulting or settlement up to
6 mm; pumping is not evident.

HIGH

Patch has a high severity distress of any type; or faulting or settlement 2 6 mm;
pumping may be evident.

FIGURE 118
Distress Type CRCP 11—Patch/Patch Deterioration

FIGURE 119
Distress Type CRCP 11—Small, Low
Severity Asphalt Concrete Patch
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12 PUNCHOUTS —& CounsAt e THE s
. Ae».u%‘dudi»wa\ CXS Gk bei_ et T
e A YA eSS .

The area enclosed by two closely spaced (usually < 0.6 n'i) transverse cracks, a
short longitudinal crack, and the edge of the pavement or a longitudinal joint.
Also includes “Y” cracks that exhibit spalling, breakup, or faulting,

Severity Levels

Low
Longitudinal and transverse cracks are tight and may have spalling < 75 mm or
faulting < 6 mm with no loss of material and no patching. Does not include

Y™ cracks.

MODERATE
Spalling = 75 mm and < 150 mm or faulting 2 6 mm and < 13 mm exists.

HIGH
Spalling 2 150 mm, or concrete within the punchout is punched down by = 13
mm or is loose and moves under traffic or is broken into two or more pieces

or contains patch material.

@ [ flass ]'3/1;(- acl a

& cadilev besw aud
s Thee uril b &
Lavartodanrl crod ow e
top 34 a el of 1le
exccemau Teunle

Fhesgit

SHOULDER

FIGURE 123
Distress Type CRCP 12—Punchouts

CONTINUOUSLY
REINFORCED .
CONCRETE FIGURE 124
SURFACES sttree:)su:'ype CRCP 12—Low Severity
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CONTINUOUSLY
REINFORCED
CONCRETE
SURFACES

SPALLING OF LONGITUDINAL JOINTS

Description

Cracking, breaking, chipping, or fraying of slab edges within 0.3 m of the
longitudinal joint.

Severity Levels

LOW

Spalls < 75 mm wide, measured to the face of the joint, with loss of material or
spalls with no loss of material and no patching.

MODERATE

Spalls 75 mm to 150 mm wide, measured to the face of the joint, with loss of
material.

HIGH

Spalls > 150 mm wide measured to the face of the joint, with loss of material
or is broken into two or more pieces or contains patch material.

Width of Spall e
- o T
A : B ¢ D
Py l ll ~~ Crack
= Joint s
Mot Counted
= Joinit
Jolnt~- i - Not counted - outside saction limits -~ G
’_.Ef-"'—" G Joirt
Lg 1 [
| Traffic
A SHOULDER
Edga
Joint
FIGURE 127

Distress Type CRCP 13—Spalling of Longitudinal Joints
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WATER BLEEDING AND PUMPING

Description

Seeping or ejection of water from beneath the pavement through cracks or
joints. In some cases detectable by deposits of fine material left on the
pavement surface, which were eroded (pumped) from the support layers and
have stained the surface.

Severity Levels

Not applicable. Severity levels are not used because the amount and degree of
water bleeding and pumping changes with varying moisture conditions.

d

How to Measure

Record the number of occurrences of water bleeding and pumping and the
length in meters of affected pavement with a minimum length of 1 m.

Note: The combined quantity of water bleeding and pumping cannot exceed
the length of the test section.

FIGURE 131
Distress Type CRCP 14—Water
Bleeding and Pumping

FIGURE 132 i
Distress Type CRCP 14—Close-up View
of Water Bleeding and Pumping
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Appendix #1
Boussinesq’s equations for a point load. (Ullidtz and Forlag, 1998)
Normal stresses Shear stresses I’H
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Boussinesq’s equations for a circular uniformly distributed load. (Ullidtz and Forlag, 1998)
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2.1 Given a coefficient of friction of 1.5, determine stress due to friction in longitudinal and
transverse reinforcement.

2.2 Given a coefficient of friction of 1.5, determine stress due to friction in tie bars and in
distributed reinforcement in the case of a two-lane highway.

2.3 Determine maximum bearing stress between dowel and concrete when two 40 kN loads are
applied in correspondence of dowels A and B (Figure 1).

l l

D o G o0 Gl ER L e e et o | 8 og

Figure 1.

Appendix #1
Corner Loading
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