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1) Equivalent Single Avle Load (ESALY
As per Saudi Armco Engineering Standand SAES-()-006
Asphalt Conerete Paving 317 July 2004, Maximum legal Saudi
Arbia truck load are as follow
Steerable axle [ 5,500 kg (12,100 Ibs) ]
Single axle | 12000 kg (26,400 [bs) |
Tandem axle | 18000 kg (39,600 [bs) |

2) Sofl Resilient Modulus, M,;

= Dunes Sands
*  Marine Sands
*  Sabkhy

Foundation.
Subgrade sofl Resilient Modulus

M, = 75010 3000 x CBR

The Traffic analysis period shall be 20 yeans

As per the soil report the thiee type of sall encountenad in the
arca

Except Sabkha the ather material fournd in the arca is generlly
expected o be suitible for pavement foundation after

com paction and providing marl capping ol
formation of embankment. For Sabkha soil special meatment will
be required that may be o combination of geotextile and geogrid
application with graded aggregate o smbilize the base over
which selected fill could be placed 1o provide a sable
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The I'nlln-wing_ factors are considered in the pavement thickness

design.
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A Mexible pavement |5 constructed with 4 in. of hot mix asphalt wearing surface, B
in of aggregate-bituminous base and 8 in of crushed stone sub-base. The subgrade
has & soil remlient modulus of 10000 pa and M; and M, are equal to 1.0 Tor the
materials in the pavement structures. The overall standard deviation is 0.5, the
Initlal P51 Is 4.5 and the TSI Is 2.5, Dally traffic has 1080 20kips single axles, 400
24kip single axies, and 680 404kip tandemn mdes. How many years would you
estimate this pavement would last if you wanted to be S0% confident that your
estimate was not too high, and if you wanted to be 99% confident that your
estimate was not too high?

solution:
Given Data:

Dy = 4 inch D;= 8 inch
M, = 10,000 psi M=M= 1.0

Loads:

Single Axle = 1080 20 kip
Sangle Axle = 400 24 Kip

Tarndem Axle = B0 40-kip

Design Size =7

THS:

R = S0 9% (B). S95%
SN = 8Dy + 3 DM + a0hHM,
Putting values in Equ. (1]

SN = (0.44)(4) + {0.30)(B)(1) + (O.111{BH1}=50359=5

| f A 4, 4.
20 kip single axle equivalent = 1.51
24 kip gngle axle equivalent = 3.03
40 kip tandem axle equivalent = 2.08

total daily 18 kip ESAL

D= 8 inch

S5« = 0.5



FLEXIBLE PAVEMENT THICKNESS DESIGN
AASHTO METHOD

Evample

Dietermuine the thickness of the surface, base and subbase lovers vsing the following
doesign parameters

Equivalent Single Axle Load (ESAL) = 2 = i}

Initsal Presemd serviccabaliny Index, P3l = 4.5

Termuinal Present F:l.'f'u:l.'l.'.ll'-l:lﬂ':. Index, PSEL = 25
Resilient modulus of asphall concrete, Mg = 450,000 pxi
= |[HIF§

D=
12%

CBR of crudhed vome bas
CBE of gravel ciubbase =
CHE of '-.Ilh'_.'r.ll.h,' = Do
Exposure 1o moisiure = WiE of the lime
Chmality of draanage: Suarface laver = Crsod

Base bnver — Fuar

Subbase layer = Fairly powos
Reliability, B = 95995
standard deveabion, 3, = (35

Sofution

(1) Design Serviceability Loss, AFS|
APS] = PSL-FPSEL =45 -25=210

(2} Hesilient Medulus

Subgmade ; Mg = 6800 psi  (Figure 164 Appendix A<}, with CBR = 65%)
Subbase Mgy = | 335300 psi  (Figure 16=16, Appendix A-10, with CBR = 225%)
Base : Mi: = 3LNK psi  {Figure 16-15. Appendix A-9, with CBR = 100" )

(X Structural Nambscr

(Use nomograph in Figure 16-11, Appendix A-5)

airlace s = X2 (with R = 99%. S =035 ESAL =2 = 10", and
Mgs =30 x 10 )

Hase : Sl.m &7 (with R =2 9% S =035, ESAL =2 % 10, amd
Mgy = 13 % 107 )

Subbjise ENym 5.2 (with B = %FE_ S w015, ESAL = 2 x |07, and

M = 6.8 % 107
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elgnis a htiw derapmoc esaercni % 11 DNA) ME (gnitsevrah ygrene citengamortcele elgnis a htiw htiw generate viscoelasty-plasticity [35], [36], [37], [38]. Et al. Hakiml. This matrix is essentially the main source of non-linearity in asphalt concrete, that is to say, rate and dependent on pressure, thermossensitive, plastic, damageable and self-
incapable. In terms of experimental characterization, searches usually study different load conditions that require large test campaigns using complex instrumentation and the preparation of samples. A new method of optimization based on the nelder-mead algorithm is developed to identify the model parameters using a minimum set of uniaxial
monotonic tests. The proposed approach has been designed to incorporate more constraints defined by the user and based on the body that lead to highly non -linear approaching this research offers a complete and fast modeling approach, combining and changing the key models existing, but aiming to simplify and minimize the costs of experimental
tests and without losing reliability on the results. This document presents a hybrid kinetic energy collector (Keh) based on irregular turntable for applications by driver -free electric bus applications. Postmortem bullets are characterized by three -dimensional laser scan, and postmortem objectives, with optical imaging and computerized micro
tomography. In this work, a specific Reological model based on CDM is proposed, which is built according to experimental observations. This matrix is very influenced by loading and environmental conditions. However, it should be noted that there is still a lack of understanding and an efficient characterization of the asphalted matrix adapted to the
needs of this sector. The results show that the collapse mechanism of the void is highly linked to the impact speed. The damage networks, composed of cracks and empty, expose fractal characteristics with Similar fractals. Unlike various applications demonstrated for the acoustic wave, the design of elastic supports with Willis Willis Willis coupling is
very rare. Under low and medium impact velocities (1.0A Akm/s, 1.5A Akm/s, 2.0A Akm/s, respectively), the atoms in the earliest collapse region flow vertically and decompose the voids into two sub-voids. Although the constitutive model targets to ABC materials, slight model variations could cover other materials exhibiting asymmetric creep-like
behavior such as polyureaA A[61], thermoplasticsA A[62] or polycrystalsA A[63].This paper is organized as follows. et al. HuK. High-speed photography is applied to capture the penetration processes, including projectile trajectories and cavity/damage evolution. et al.PellP.S. et al.GongY. This type of composites receives prominent attention due to its
inherent high technological value. et al. BenkaboucheS. This paper obtains a geometrical scaling law of launch velocity for LIPIT with relative thick metallic film (30¢AAA80A AApAm thick aluminum) using dimensional analysis, experimental measurements, and numerical simulations. The novelties of the proposed approach rely on fulfilling the
following requirements: (i) the specimens and test type must be easy to obtain and perform in an industrial environment, (ii) the constitutive model must be sufficiently realist without resorting to large and nonphysically-based parameters, (iii) the model construction allows the parameter identification process by decoupling nonlinearities, (iv) the
identification process is fast and consistent with physical constrains and (v) the resulting identified model must be capable to predict more general loading scenarios not considered during identification.Along with selecting the more convenient test typology for ABC, the modeling approach has to be chosen accordingly. Thus, this research has
selected the asphalt matrix to develop a pragmatic and cost-effective framework to overcome this situation. It is worth mentioning that the technological level and costs involved for pavement design in road differ differ substantially from those involved in aerospace or medical applications. 51922079, 61911530160), and by the Special Research Fund
(BOF, ¢AAABijzonder Onderzoeksfonds¢AAA) of Ghent University (BOF.STG.2018.0030.01). et al.Shim]. This consists in an integral-based form material modelA [15], [16] that can be enriched with nonlinear response like viscoplasticity A[17]or aging A [18], [19]. Furthermore, a model of surface roughness is built based on the idea that more
materials are removed at the peak on the workpiece's surface, whereas few materials are removed at the valley. On top of that, the asphalt matrix is, in turn, another composite material consisting of asphalt binder, fine aggregates and voids. More particularly, in ABC materials, CDM framework has been employed to develop the Fatigue damage
theoryA [55], [56], [57], Glover¢AAARowe parameterA [58] or Miner¢AAAs ruleA [59], [60]. We sincerely appreciate all the valuable comments and suggestions by the reviewers, which helped to substantially improve the manuscript.HanG. For each loading condition, 3 specimens are used to ensure the repeatability and reliability of the test
results.Due to the size limitations and material¢AAAs nature, strain gauge and extensometer cannot An elasto-viscoplastic-viscodamage (E-VP-VD) model is proposed to describe the mechanical behavior of asphalt matrix based on the experimental observations. It is revealed that the influences of loading force and grain size are significantly different
at multi-scale. et al.ZhangZ. The second approach formulates the constitutive model considering the polymeric nature using a macromolecular description. The maximum penetration depth varies nonmonotonically with impact velocity vi, and decreases with increasing vi above about 1777 mA s¢AAA1. This approach might shed some inspiration to be
applicable to other composites exhibiting coupling of similar nonlinearities. et al.PraudF. The differential makes it possible to intuitively incorporate selected rheological components according to the observed tests results, therefore it is utilized in this work.A crucial component to be used in this rheological assembly is damage. With increasing vi, the
damage of polycarbonate targets increases significantly in amplitude and volume. Recent research relied on Dynamic Mechanical Analyzer (DMA)A A[11] showing the strong rate-dependency and compression¢AAAtension asymmetry of asphalt matrix under quasi-static and dynamic conditions, although none damage effect was reported.From the
simulation point of view, once a constitutive material model is formulated based on experimental observations, test data are required to identify the model parameters. In terms of asphalt-based constitutive modeling, three approaches can be adoptedA A[12]. However, from these tests is hard to quantify, for instance plasticity, load direction effects or
rate-dependency. Under the optimal conditions, the material removal rate (MRR) of 0.40A AAY4Am/min was achieved, and the surface roughness Ra was reduced from 104.90 to 20.22A Anm after the polishing for 12A Amin. Though the model is conceptual and still far away from practical usage, it may inspire more practical design and further
explorations on realizing wave rectification by Willis materials.View full text Unlike other more sophisticated constitutive modeling approaches, the present reduces the number of material parameter to be characterized without losing sight on their physical interpretation. This approach can incorporate other effects such as moisture damageA A[46],
[47] and combined with other nonlinearities like viscoelasticity and ViscoplasticityA A[48], [49], [50]. These tests are further used to identify the key material properties to achieve the constitutive model. et al.VazM. Then, the numerical simulation models of the LIPIT are established and validated by LIPIT experimental results, A numerical validation
for geometric resize laws. et al.bergstrafmj.s. et al.boycem.c. et al.gilabertf. A. Gilabertf.A. Boycem.C. et al.shenw. This means that, the road engineering sector requires rapid and economic numerical approaches in terms of identification of material parameters of ease and reliability on the capture of complex combinations of mechanical
characteristics. Subsequently, the components of the model are described, namely elasto-viscoplastic and viscous. et al.ala Khateebl. Another example can be found in a very different industrial sector such as road engineering, where asphalt concrete is used in paving design. LaHeri: formal analysis, validation, software, writing - Revision and
modification. In addition, the hotspot training mechanism is revealed, which is determined by vacuum collapse modes. On the basis of this study, it is possible to draw the following conclusions. A Z notoria is also common for these tests to seek the material response by taking unmatched linearity. The first approach is based on the integral of
Boltzmann mainly using the Schaperery viscoelastic model [13], [14]. Considering the complex non-linearity present in materials such as ABC, the times and costs required for a comprehensive test campaign in road engineering would be unacceptable. In addition, the contact parameters (e.g. Nominal contact area, medium contact gap and single
grain cutting depth) under different conditions. obtaining significant attention in recent years. Continuum Damage Mechanics (CDM) is well established id Aticolev el eredeverp rep inoisnemid aznes elumrof el etinrof onognev e ehciremun inoizalumis ad etazzilana onos ilitteiorp-orcim ied inoisnemid aznes oicnal id Aticolev allus inoisnemid aznes
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