
      

 

 

Figure 1. Outline of research methodologies. 

 

Hamburg-wheel tracking (HWTT) test. The HWTT is a laboratory test procedures of 

asphalt mixtures what simulates repeated wheel loading on asphalt mixtures specimen to 

evaluate rutting and stripping behavior. In the HWTT, a steel wheel (158 lbs.) with 8-

inch diameter and 1.85-inch width moves (52±2 passes per minute) across a pair of 

asphalt mixture specimen submerged in water at approximately 50
o
C (Figure 2). A 

linear variable displacement transducer (LVDT) measures the rut depth at 11 points 

along wheel passing direction with 0.01 mm precision. Several states Department of 

Transportation (DOT) such as Colorado (CDOT), Texas (TxDOT), and California 

(Caltrans), etc. have developed the HWTT specification for mix design performance 

evaluation. CDOT allows 10 mm maximum rut depth for 10,000 (CDOT, 2015). 

TxDOT specified HWTT for different number of wheel passes according to PG 

binder grade allowing a fixed rut depth 12.5 mm (TxDOT, 2012). In regard of 

stripping prediction, a mixture, prone to moisture damage, typically exhibits a SIP at 

1000 number of wheel passes as stated in CDOT specification of HWTT (CDOT, 

2015). Again, Caltrans specified a SIP at 5000 number of cycles for conventional 

mixtures and 10000 number of wheel passes for the mixtures containing polymer.  
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Figure 2: Hamburg-wheel tracking test device and samples. 

 

Plot of rut depth vs. number of wheel passes are analyzed to predict rutting 

and stripping susceptibility. Figure 3, a typical plot of rut depth vs. number of wheel 

passes, includes a post compaction consolidation, a creep slope, a stripping slope, and 

a stripping inflection point (SIP). Post compaction consolidation occurs within 1,000 

number of wheel passes and simulates initial densification of pavement mixtures 

when traffic movement is allowed on a newly constructed pavement. The creep slope 

is inverse of rate of deformation from the segment between SIP and post compaction 

consolidation. It relates the rutting susceptibility through measurement of permanent 

deformation what occurs due to plastic flow. The stripping slope, also the inverse of 

rate of deformation from the following segment, relates the stripping susceptibility of 

the mixtures.  A lower value of creep and stripping slope represents a more rutting and 

stripping of tested samples. If the plot does not include a stripping slope or a SIP, the 

mixture has adequate moisture damage resistance.  

 

 
 

Figure 3. Typical HWTT Results Analysis. 
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right wheel), rut depth vs. number of wheel passes, have been obtained and the 

average rut depth has been taken as the representative rut depth of each mixture 

(Figure 5a). The plot of maximum rut depth vs. number of wheel passes of all 

mixtures have been plotted in Figure 5b. It is seen that there is a post compaction 

slope and a creep slope for every mixtures, however, no SIP. Rut depth, at 20,000 

number of wheel passes, HMA, Evotherm, Cecabase 1, and foaming mixtures 

showed statistically equivalent rut depth based on ANOVA analysis (Figure 6a). 

However, between two Cecabase mixtures, Cecabase 1 showed slightly higher rut 

depth (3.71 mm) than Cecabase 2 (2.41 mm). As stated earlier, Cecabase 2 is 

polymerized, thereby, Cecabase 2 mixture is stiffer than Cecabase 1, what also 

reflected from lower rut depth of Cecabase 2 mixture. Rut depth, at 10,000 number of 

wheel passes, also showed same trend with slightly lower value. Now, it is seen that 

rut depth obtained in this study is significantly lower than the specified rut depth in 

different established specification as discussed earlier. Post compaction slope and 

creep also follow similar trend as maximum rut depth for these mixtures (Figure 6b & 

Figure 6c). Again, between two Cecabase WMA mixtures, Cecabase 2 showed higher 

post compaction and creep slope. It reveals that polymer incorporation into chemical 

additives like Cecabase improves significant rut resistance compared to control 

HMA. Since, there is no stripping slope or thereby no SIP found in this study, all 

mixtures have sufficient moisture damage resistance. Usage of 1% hydrated lime in 

the every mixture is expected reason for observed adequate moisture damage 

resistance of these mixtures.   

 

(a) HWTT Analysis Procedure (Cecabase 2) (b) Rut Depth vs. Number of Wheel Passes 

 

Figure 5. HWTT results Analysis. 

 

 

0

1

2

3

4

5

6

0 5000 10000 15000 20000

R
u
t 

D
ep

th
 (

m
m

)

Number of Wheel Passes

Left

Right

Average

0

1

2

3

4

5

6

0 5000 10000 15000 20000

R
u

tt
in

g
 D

ep
th

 (
m

m
)

Wheel Passes

HMA

Foaming

Evotherm

Cecabase 1

Cecabase 2

International Conference on Sustainable Infrastructure 2017 207

© ASCE

https://www.civilenghub.com/ASCE/173927444/International-Conference-on-Sustainable-Infrastructure-2017-Technology?src=spdf


F

TSR

Fig

psi,

ten

psi,

stre

no 

ten

stat

Cec

Acc

hig

Me

resi

  

1

1

P
o
st

 C
o
m

ac
ti

o
n
 (

p
as

s/
m

m
)

(b) Post Comp

Figure 6. Pl

R test resu

gure 7(a) illu

, 42.2 psi, 3

sile strength

, respectivel

ength of five

statistically 

sile strength

tistically di

cabase 2 mix

cording to th

gher is consi

exico specif

istance. 

3.17

0

2

4

6

8

HM

R
u
t 

D
ep

th
 (

m
m

)

677

0

400

800

1200

1600

paction Slope (

lot of rut de

ults and dis

ustrates, the 

35.8 psi, an

h of wet sub

ly. An one-

e different m

significant 

h. One-way

fferent amo

xtures show

he New Mex

dered to hav

fication, all

3

4.76

MA F

640
511

Mixture Type

(a) Rut Depth

(passes/mm) 

epth, post co

cussions. T

average ten

nd 42.5 psi, 

set samples 

-way ANOV

mixtures. Bas

difference a

y ANOVA 

ong five di

wed slightly h

xico practice

ve adequate

l the mixt

.27

4.77

Foaming
M

At 10000 Cy

837

1171

h/maximum im

 

ompaction s

 

SR test resu

nsile strength

respectively

37.2 psi, 21

VA test has

sed on ANO

among five 

test on TSR

ifferent spe

higher TSR 

e, an asphal

stripping re

ures posses

3.56

4.67

Evotherm
Mixture Type

ycles At 200

0

4000

8000

12000

16000

20000

C
re

ep
 S

lo
p

e 
(p

ss
/m

m
)

mpression

(c) Creep Slo

slope, and c

ults are pres

h of dry sub

y. On the o

1.9 psi, 40.6

s been cond

OVA analysi

mixtures in

R value als

ecimens. Ho

compared t

lt mixtures w

esistance. Th

ssed adequ

2.80

3.

Cecabase

000 Cycles

8929
7224

0

0

0

0

0

0

Mix

ope (passes/mm

reep slope a

sented in Fi

bsets are 32

ther hand, t

 psi, 36.0 ps

ducted on dr

is it is seen t

n terms of w

so shows T

owever, Fo

to other thre

with TSR va

hus, based o

uate moistur

1.84

.71

e 1 Ceca

4

9359

1138

xtrue Type

m) 

analysis. 

igure 7. As 

.4 psi, 31.8 

the average 

si, and 30.5

ry and wet 

that there is 

wet and dry 

TSR is not 

aming and 

ee mixtures. 

alue 0.85 or 

on the New 

re damage 

2.41

abase 2

87

17494

International Conference on Sustainable Infrastructure 2017 208

© ASCE

https://www.civilenghub.com/ASCE/173927444/International-Conference-on-Sustainable-Infrastructure-2017-Technology?src=spdf


A s

TSR

bot

betw

inc

thaw

ten

 

T
S

R

simple linea

R value of t

th wet and 

ween air vo

orporate into

w condition

sile strength

(a) TSR vs

0

10

20

30

40

50

T
en

si
le

 S
tr

en
g

th
 (

p
si

)

0.0

0.5

1.0

1.5

2.0

T
S

R

0.6

0.8

1.0

1.2

1.4

1.6

4 5
Air V

Figu

ar regression

these mixtur

dry specime

oids and TS

o the mixtur

ning. Since, 

h results in lo

s. Air Void (%)

Figure 

32.4
37.2

HMA

0.87

HMA

5 6
Void (%) of Wet 

(a) Dry a

(b) TSR v

ure 7. TSR t

n equation h

res. Figure 8

ens. It is se

SR. Higher 

res what resu

TSR is the 

ower TSR.  

) of Wet Subse

8. Correlat

31.8

21.9

Foaming
M

W

1.45

Foaming

7 8
Subset

and Wet Tensil

value of Test S

 

est results a

 

has been dev

8 shows regr

een that ther

percentage 

ults in lower

ratio of wet

 

et (b
 

tion of air vo

42.2 40.6

 Evotherm
Mixture Type 

Wet Subset D

1.04

 Evotherm

Mixture Type

0.6

0.8

1.0

1.2

1.4

1.6

4

T
S

R

e Strength 

Specimens

and analysis

veloped betw

ression line o

re is a nega

of air voids

r wet tensile 

t to dry tens

b) TSR vs. Ai

oids with T

35.7 36.4

Cecabase 1

Dry Subset

0.99

Cecabase 

e

4 5

Air Void (

s. 

ween air vo

of TSR vs. a

ative linear 

s allow mor

strength dur

sile strength

ir Void (%) of 

SR. 

42.5

4

30

1 Cecabase

1.39

1 Cecabase

6 7

(%) of Dry Subs

 

 

oid (%) and 

air voids of 

correlation 

re water to 

ring freeze-

, lower wet 

Dry Subset

0.5

e 2

e 2

7 8

set

International Conference on Sustainable Infrastructure 2017 209

© ASCE

https://www.civilenghub.com/ASCE/173927444/International-Conference-on-Sustainable-Infrastructure-2017-Technology?src=spdf


Fie

hav

illu

ther

of t

not

Thu

tota

201

that

diff

the

eva

slop

dist

 

CO

 

Thi

tech

In 

beh

dra

eld perform

ve been surv

ustrates the ru

re are minim

the rutting o

t significantl

us, rut depth

al rutting of

16 shows tha

t there is no 

ferent sectio

se sections, 

aluations we

pe and post 

tress survey 

ONCLUSIO

is study inv

hnologies, im

addition, th

havior. Base

awn:  

• WMA w

and equ

Cecabas

evaluate

differen

• No strip

adequat

field ev

0.0

0.5

1.0

1.5

2.0

2.5

3.0

R
u

t 
D

ep
th

 (
m

m
)

mance evalua

veyed in two

ut depth with

mal rutting in

occurs in the

ly increase a

h found after

f these sectio

at rutting rat

statistical si

ons. Howeve

what represe

ere also foun

compaction

what is also

Fig

NS 

vestigated r

mplemented

he study al

d on the ove

with foamed

uivalent rutt

se WMA b

ed rutting i

nt sections.   

pping inflect

te stripping 

aluation resu

HMA

ation. The p

o different p

h ±standard 

n these secti

e first year o

after 2-3 yea

r 2 years of 

ons. Differe

te is lower a

ignificant di

er, Cecabase

ents higher r

nd to be co

n slope. No 

o consistent w

gure 9. Field

rutting and 

d in LTPP se

lso addresse

erall observ

d asphalt, Ce

ing resistanc

inder result

is also mini

     

tion point (S

resistance o

ults.    

Foaming

2015 (O

pavement di

phases: Octo

deviation as

ions after 2 

of constructio

ars (Quintus

overlay con

ence of rut d

after 1 year. 

fference in t

e 2 mixtures 

rut resistanc

nsistent to H

stripping w

with HWTT 

 

d evaluated 

 

stripping b

ections in N

ed field ev

ations of thi

cabase, and 

ce. In additi

ts in a high

imal and st

SIP) is found

of these mix

Evotherm

Mixture Ty

October) 20

istress cond

ober, 2015 &

s found in th

years. Past 

on of pavem

s et al, 2012

nstruction re

depth betwe

One-way A

terms of rut 

showed the

ce of polyme

HWTT anal

were found in

and TSR an

rut depth.

behavior of 

NM, through 

aluation of 

is study, fol

Evotherm a

ion, incorpo

her rut resis

tatistically e

d in HWTT r

xtures what 

m Cecabase 

ype

016 (April)

dition of LTP

& April, 201

he survey. It 

studies state

ment and rut 

2; Rushing e

epresents app

en year 201

ANOVA ana

depth amon

e least rut de

erized WMA

lysis in term

n the any p

nalysis.     

f four differ

laboratory e

f rutting an

lowing conc

additives sho

oration of po

stance to W

equivalent a

results, whic

is also cons

 1 Cecabase

PP sections 

6. Figure 9

is seen that 

es that most 

depth does 

et al. 2014). 

proximately 

15 and year 

lysis shows 

g these five 

epth among 

A. This field 

ms of creep 

hase of the 

 

rent WMA 

experiment. 

d stripping

clusions are 

ow adequate 

olymer into 

WMA. Field 

among five 

ch indicates 

sistent with

e 2

International Conference on Sustainable Infrastructure 2017 210

© ASCE

https://www.civilenghub.com/ASCE/173927444/International-Conference-on-Sustainable-Infrastructure-2017-Technology?src=spdf


• WMA with foaming, Evotherm, Cecabase, polymerized Cecabse, and HMA 

shows statistically equivalent TSR. In addition, all mixtures meet TSR criteria 

for adequate stripping resistance what is also consistent with HWTT results. 

• There is negative linear correlation between TSR and of air voids of TSR test 

specimens what indicates, mixtures with higher percentage of air voids are 

more prone to stripping.     
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Abstract 

The main aim of this experimental study was to evaluate the behavior of the composite 

slab under flexure by incorporation of steel studs. Nine slab specimens were cast and 

tested in three series with three specimens in each series. First series specimens 

comprised of conventional reinforced cement concrete (RCC) slabs. Second series 

specimens contained within composite slabs cast with deck sheet having embossments, 

while third series specimens comprised of composite slabs cast with deck sheet without 

embossments and chemical adhesives to ensure a bond between the concrete and steel 

deck sheet. Steel shear studs were welded over the deck sheets in order to increase shear 

bonding. Slab specimens were tested for flexure by two point loading method, according 

to Euro-code 4 specifications. Observations were made on first crack load, ultimate load, 

and deflections at mid span and under point load to analyze the behavior of slabs under 

flexure. End slip failure was recorded at each load interval to study the effect of 

incorporation of studs in composite slabs. Composite slabs with steel studs performed 

better than those without steel studs under flexure and resisted end slip failure. In 

composite slab, load carrying capacity was increased due to higher resistance to the 

longitudinal shear. It was found that the longitudinal shear force was proportional to the 

vertical shear force acting on the slab. The incorporation of the end anchorages resulted 

in the increased strength and ductility of the slab. Use of chemical adhesives led to 

improved bonding between composite materials. Composite slabs are recommended in 

buildings for sustainable growth of construction industry as they require less concrete, 

give better performance and are cost effective when compared to the conventional RCC 

slabs. 
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