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— Iayer location and its modulus
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° Such a direct or forward calculation method has
been developed at the NYSDOT.




A NEW METHOD = DELMAT:
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ASPEVEMERL system has ZL%ans where L= umber
OINIEVETS. The unknowns in a Iayer are:

~ g™ .

> | mm"mH

,FWJ LEST
fibia"sen
SEIIE0IS

- priovides n known surface moduli, E (r) and n-1

fole
’r urface moduli, E, (r, r+1) where n= number of

E
el >

s tayer: thickness, H (n) and modulus, E (ng are also related

——through R(n) = H (n) * {E (n-1)/E(n)}" %26, Thus, it is

= fp055|ble that both the layer modulus and thickness can be
“determined from these information.

e Based on these facts, a new method called DELMAT has
blec?n developed using the equations presented in the next
slides.
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IEliESPECE gIVeS the eguation for tne modulus

£ (0))= 2 (1-42) 2.4 (0) / d(0)} (1)

- = ‘J“?— :
SIEENTEdUlUsS isiconstant at any distance r from the load center
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= E()- 2019 a9()/d ) ©
= From (1) &(2), a(0)/a (1) = dOY/d(r) = F (1) ©)
© Es(0) =214 aq )/ {f(r)*d ()} (4)

Where, f ( 1) is the Pressure-decreasing factor.
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(1- * a9 (0) (1/6(r) - 1/8(r+1)} / {d(r) - d(r+1)} (5)
: | ‘Surface modulus at the sensor location r,

;;'Hl-l) = Intra-sensor surface modulus between sensors
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T
nd Pressure-decreasing Factor

Subgrade

——— - 1 .
= - 36 6.68 12.18
i
= =< 48 5.01 16.24
g 60 4.01 20.30

72 3.34 24.37




labler 2 selection Criteria for Sim
Pavement

e bl 1

Layer Layer Layer Layer
Type Modulus Numbers Thickness
(ksi) (inches)
HMA 200-500 4-6 4-6
Overlay
Surface 5000 (PCC) 4-12
- 200 -2000
: (HMA)
- _ Treated 200 -1000 2-5 4-8
e Permeable
——— Base
— -~ HMA Subbase 20 -50 2-5 12 -24
Subgrade 5-50 12 -

Stiff Layer 40-500 12 -0
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‘h
uli and Thicknesses f
Case

DELMAT

meters

1746 22.5 8.46 4650 2.64

Note: * - The C1 value of 1.2 was not used to calculate the subbase modulus.
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nd Thicknesses for 4-layer

—

Mrameter;--.
ﬁiﬁﬁﬁm-ﬁ--——

56.8% 12.7 191  1.19
1718# 30 11.56 3797 1.7
iHT\]A 500  10.35 5.9 500 1.75

_Overlay

R

Notes: -* The intersection between Es(r) and {Esi(r, r+1) — Es (r) is used in this
case.
-** Intersection of A Esi ((r, r+1) and Es(r) gives 56.8 inches.

-# In this case the value of Esb (8, 12 in) is used




= Will give the stiff layer Iocatlon This is the

""'?Eﬁstance where AE. (r, r+1) intersects the
. X-axis. The modulus associated with that
deflection is the stiff layer modulus.
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jEELD TEST SITES -

ENIISHIEINOd IS vaIidate four field cases
HEMENYS paveEments (C=1 unrougy &=

-

0 Jeﬂec'r]o} in the Field cases were collected using
DYsEls =3 FWD. Layer thicknesses were obtained
BIAOLIC _. |eld coring and drilling.
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- COMPS Program was used to backcalculate
~-ﬁévement layer moduli.
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~ HMA 10.5
Asphalt Treated Base 4
Gravelly Sand 17.5
Subbase
Gravelly Sand
Subgrade
Cortland/ HMA 7
- Cortlandville g3 Gand Subbase 18
Silty Gravel Subgrade
6 Steuben/Corning PCC 11
-] Cement Treated Base 4
Gravel and Sand 21
Subbase

Silty Gravel Subgrade
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Deflection Values for 4 Test Sites
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Eigure 2 Surface Moduli, Es () for the Four Field Sites
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Surface Moduli for the 4 Test Sites
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Eigure 3’ Corrected Deflections for the Four FieldiSites

Corrected Deflection Values for 4 Test Sites
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~ Modulus,
- ksi

C4

Thickness.
in

Modulus,
ksi

1460

11.0

4080

4.0

1060

7.4

21.0

26.5
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12.0
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12.0

50

10.5

126.0

16

45

80



€o)) ' USIONS AND RECOMMENDA NS,
: — - T —

AREVVNOrward calculation method called DELMAT
IESHIEERIGEVEIOPEeai e e:,: MINE pave ent Iz

e UINERECIICKAE directiVromr EWI a""'""'"""""'
SlURGETIECTion measurements.
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IisimENod does not require seed moduli and
ayersthicknesses to determine layer moduli. This
gives the User more capability to determine

— str Jcturall condition.

— r— T
pr—

' This method can detect the presence of a stiff
- layer and determine its location and modulus.

e [t can also determine modulus and thickness of a
PCC or asphalt/cement treated permeable base
under the surface layer.




CONCILUSION AND RECOMMENDA OGNS,
—

T
liiiEllides a scheme to ‘dEtE?mlne surface layer:
OGNS anE tICKNESSHESS tha 4 Inch . -

rJOWé\/é ‘a smaller FWD' plate is'needed to
desermineg modulus and thickness of a surface
JrJ\/er J-J~ ‘than 4 inch thick.

-
-—

,,_-,-» -c:)mputatlons can be ﬁerformed using a
~ Spreadsheet. However, these calculations can be
“?_';""automated for faster delivery of the results.

-—

e A 3-D finite element method can be used to
determine accurate f (r) values for a layered-
system.
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