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Chapter 300
Bases - 23

This chapter is not part of the Project’s specifications but is a guide for project personnel in interpreting
CDOT specifications, understanding ASTM, AASHTO, and Colorado Procedures (CPs) for testing, and for
completing CDOT forms.

The design and construction of a pavement structure may include one or more base courses. A base course
is a layer of material below the wearing surface of a pavement. Bases may be constructed of gravels,
mixtures of soil and aggregate, mixtures of asphalt and aggregate, mixtures of cement and aggregate or
soil, or other innovative materials. Bases may be made of unbound materials, such as gravel, or bound
materials, such as lime-treated subgrade.

Base courses under concrete pavements provide a drainage layer, reduce pumping, provide protection
against frost damage, and provide support for the heavy equipment used for placing concrete pavements.
There is some increase in structural capacity when a base is placed under a concrete pavement, but it is
typically not a significant amount.

Base courses under flexible pavements provide a significant increase in structural capacity. The pavement
design of flexible pavement depends on the wheel loads being distributed over a greater area as the depth
of the pavement structure increases. There are the added benefits of improved drainage and protection
against frost damage.

ITEM 206 STRUCTURE BACKFILL
ITEM 304 AGGREGATE BASE COURSE

Compaction of unbound bases is important for the stability of the pavement it supports. The maximum dry
density is established in the laboratory before construction. During construction measurements of the
base dry density are compared to the maximum dry density. The requirements for compaction of aggregate
base course (ABC) are shown in Subsection 304.06 of the Standard Specifications for Road and Bridge
Construction. Structure Backfill has similar requirements as shown in Subsection 206.03.

Two methods to determine the maximum dry density of soils are AASHTO T 99 and AASHTO T 180.
AASHTO T 99 is similar to ASTM D 698 and is commonly referred to as the Proctor Test, as it was first
proposed by R. R. Proctor in 1933. AASHTO T 99 uses a 5.5 |b. rammer dropped from 12 in. When a 4 in.
mold is used, three layers are compacted with 25 blows on each layer. When a 6 in. mold is used, three
layers are compacted with 56 blows on each layer. AASHTO T 99 results in a compactive effort of 12,400 ft-
Ibf/ft>. AASHTO T 180 is similar to ASTM D 1557 and is commonly referred to as the Modified Proctor Test.
AASHTO T 180 uses a 10 |b. rammer dropped from 18 in. When a 4 in. mold is used, five layers are
compacted with 25 blows on each layer. When a 6 in. mold is used, five layers are compacted with 56 blows
on each layer. This results in a compactive effort of 56,000 ft-lbf/ft>. Comparing compactive efforts,
AASHTO T 180 produces four and a half times the compactive effort than a sample receives compacted
according to AASHTO T 99.

AASHTO T 99 is the appropriate standard for compaction of cohesive soils, particularly if there is the

potential for swelling when saturated. AASHTO T 180 is appropriate for granular soils, such as aggregate
base course and Structure Backfill, Class 1.
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There are four methods of determining moisture-density relationships by AASHTO T 180:

e Method A uses a 4 in. mold and the fraction of the soil passing a No. 4 sieve. AASHTO states
that this is applicable to soil mixtures that have 40% or less retained on a No. 4 sieve.

e Method B uses a 6 in. mold and the fraction of the soil passing a No. 4 sieve. AASHTO states
that this is applicable to soil mixtures that have 40% or less retained on a No. 4 sieve.

e Method C uses a 4 in. mold and the fraction of the soil passing a 3/4 in. sieve. AASHTO states
that this is applicable to soil mixtures that have 30% or less retained on a 3/4 in. sieve.

e Method D uses a 6 in. mold and the fraction of the soil passing a 3/4 in. sieve. AASHTO states
that this is applicable to soil mixtures that have 30% or less retained on a 3/4 in. sieve.

The Gradation requirements for Class 1 Structure Backfill and ABC are shown in Subsections 703.08 and
703.03 respectively. A review of the Gradation requirements shows that many granular materials will meet
the Gradation requirements and exceed the limits of application stated in AASHTO T 180.

Colorado has developed a rock correction formula in Colorado Procedure 23 (CP 23) when AASHTO T 180 is
used:

MDD = (P¢ x Ds + P x 0.95 D¢) /100
The standard practice within the Department follows:

e 110 Ibs. of granular material are sampled and sent to the laboratory before construction
begins. This would typically require two standard sample bags.

e The material is separated into two fractions, material retained on a No. 4 sieve and material
passing a No. 4 sieve.

e The specific gravity and absorption of the material retained on a No. 4 sieve is determined
according to AASHTO T 85 Specific Gravity and Absorption of Coarse Aggregate.

e The maximum dry density and optimum moisture of the material passing a No. 4 sieve is
determined according to AASHTO T 180, Method A.

e For bases with crushed concrete or reclaimed asphalt pavement (RAP), an accurate specific
gravity determination is difficult to make. For these materials T 180, Method D is used.

e Method D may be used if more than 30% of the material is retained on the No. 4 sieve, but has
30% or less of the material retained on the 3/4 inch sieve. When Method D is used, use the
above procedure but substitute the 3/4 inch sieve for the No. 4 sieve.

During construction, the control of compaction follows according to the plans, specifications, and the
Frequency Guide Schedule for Minimum Materials Sampling, Testing, and Inspection. Each field test must
include a separation of the sample into the two fractions, material retained on a No. 4 sieve, and material
passing a No. 4 sieve. Percent relative compaction is determined according to CP 25. CP 23 is used to
correct the maximum dry density and optimum moisture for soil-rock mixtures with more than 5% material
retained on a No. 4 sieve.
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ITEM 308 PORTLAND CEMENT & FLY ASH

Sources of Portland cement and/or fly ash are listed on the Department’s Approved Product List. To verify
a specific cementitious material that may be considered for a project check if the supplier/manufacturer of
the cement or fly ash is on the Approved Products List at the web site address of:
https://www.codot.gov/business/apl

If a manufacturer wants to add a cement or fly ash source use the same website and follow the instructions
within Notice to Manufacturers: https://www.codot.gov/business/apl/manufacturers.html and also follow
all references within CP 11:

CDOT Materials Forms — Follow the link provided to access the applicable forms for Bases

https://www.codot.gov/library/forms/form-numbers-broken-down

Form Title

157 Field Report for Sample Identification or Materials Documentation

6 Field Tests of Base Aggregate, Fillers, Paving and Miscellaneous Aggregates

38 Aggregate Test Report - [computer output] SiteManager

194 Structure Backfill Density Report

564 Soils and Aggregate Sieve Analysis When Splitting On the No. 4 Sieve

565 Sieve Analysis For Aggregate Not Split On the No. 4 Sieve

633 Sample Tag (Sacks)

1126 Stabilometer Record of Item 304 Aggregate Base Course

1296 Granular Materials Moisture — Density Report - [computer output ] SiteManager
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Chapter 300

F5# = (Contract ID-Seg #)

COLORADO DEPARTMENT OF TRANSPORTATION Regon _
FIELD REPORT FOR SAMPLE IDENTIFICATION | TS
OR MATERIALS DOCUMENTATION
Project No.
Project Location
Material Type Fiedd Lab phone Cell Phone
Material Code (LIMS) Iterm Cla=s Grading Sipecial Provisions Dyeﬂ

Previcusly used on Project Mo

Presious COOT Form #157 F'S No(s)

(] cOOT Fomm#633 (sack)
O] cooT Fom#834 (ean)

@ Sample kdentificaton: Quantity & Unit of matenal submitted, describe tests required, precise location sample
@ Matenals Documentation: Field inspected (describe appearance, weight/'dimensions, model'senal number), COC &lor CTR provided etc.

remnove from (Stationing). efc.

Ceniral Lab use only:
Sample I #1) [ Zample ID (22) Sample ID #3)
Sample 1D #4) Sample D {#5) Sample ID #4)
APLIGML Acceptance: APL Ref. No. Product name: Diate checked:
APLIGOML Acceptance: APL Ref. No. Product name: Date checked:
Preliminary Construction  Maintenance  Emergency Date needed
Ll [ 1 O
Contractor Supplier
Sampled from Pit name or owner
P, sty wiinditre,
sloch, @l |
CQuanltity represented Prewvious quaniity Tot quaniity to date
Sample submitted: Shipped specified quantity to: Ciate
[ ves e O central lab [J Regionlab [ Consultant lab
-Sﬂ'l'md or II'I’SFH'IECI hf | it i) Title E-mail
SUPEIVISON (ProFoes Mats. ErgriMaint Supl | (srinl ) Title Riesidency

Diciriwtion:  Chemical Lab: cdof_cremisbifstabe cous
Concrete Lab: coof_conc. labistate co.us
Flexibie Pavement: cdot_Tex Bbstatecous
Physical Properies: cdot_phprJab@state.co.us
Solls Lab: cdot_solls. labifistste co.us

Reegion Labs: Zend completed form wish sample

Previous sdiions ars cheolsts and may notbe ussd.
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CDOT Form 6
F5& = (Comract ID-52g 7

COLORADO DEPARTMENT OF TRANSPORTATION Coriact D Fegin

FIELD TESTS OF BASE AGGREGATES, FILLERS, Project D, Dats Submitted

PAVING AND MISCELLANEOUS AGGREGATES R -

SMMLIMS Sa D : Tans ftjar | Field Lab max | % Rel| Tatal )

[l:ur'l'est;[[r.':?i]j Station Yas (Yl | density | density |\Comp| moist #4 | #8 | #30 | S50 | #100 | %200 LL | PL

Sheet Total I
Previous Totsl Specifications: 1
Total o Date Final report: yes[] no[]

Spec. deviations:  yes[] [0 P= % for lot # Source (pit)

3 Remarks

206 Stnuchure Backfll Class 1

206 Fiter Malerld Ciass, Projact Tester (print name) Tite

304 AEC Class

307 Tredted Subgrase

o rain et PE Approwed Dy (prrt name) T

403 SMA

409 Cover Co

Omer Matena:

Pri editions are obeclste and may not ba wesd COOT Form#®  1H7

Distibution  SMMLIMS: Form Is not required to be compisiad
NOR-LIN: COMEIStad foam In project matenal book
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CDOT Form 194

Region Date Submitted
COLORADO DEPARTMENT OF TRAMNSPORTATION

STRUCTURE BACKFILL Cantract 1D
DENSITY REPORT

Project No

Project Location

Major Structures

Number of Structures: {1 test200 cu. yds.; mnimum  1/structure) Class 1 Mo. of Class 2 No. of
{cu. yds.) tests {cu. yds.) tests

Total cu. yds. structure backill:

Cross Drains

Mumber of Cross Drains: (1 test/200 cu. yds.; minimum 1/structure) Clazs 1 Mo. of Class 2 MNo. of
{cu. yds.) tests (cu. yds.) tests

Tatal cu. yds. structure backfil:

Side Drains

Mumber of Side Drains: {1 test200 cu. yds.; minimum 1/structure) Class 1 Mo. of Class 2 No. of
{cu. yds.) tests (cu. yds.} tests

Taotal cu. yds. structure backiill

Other
Class 1 Mo. of Class 2 Mo. of
{cu. yds.) tests (cu. yds.} tests

Remarks
Frint name ’a-nec Titke
Resident Engineer Previous editions are obsolele and may not be used. CDOT Form 104 04/2020
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CDOT Form 564 Page 1
e e e e e o e b e T e
COLORADO DEPARTMENT OF TRANSPORTATION b it =
ZTolle & ABGREGATE SIEVE ANALYEIE WHEN EPLITTING ON THE Ho. & S3IEVE [FeT=
SR 21, CP 31 JAAZHTO TES, TRO,M14E J CPL-2104 Pepa
BTy L Tl
=1
[TTe an
DT el o A T e i i il e T el i Padelf 4 it L 00 e
e —
Totn) i+ 24 Gragajon = Tl
Fuska -...:; S o - g I
L mpem s e e
e Srari Zampie Information
Eive Welghi Prarcanl Rsladresd Parced i Passisg Eparis Sameied Fram
-
Buippler Tecked Mo
_-_ = T S
- Szarden
.I-I. - i
ity gt e e T
iy - 247 % Molsture and Dry Welght
= Pan IO
L P Vil L
i ] Fan & Saimpds - el Weight (g} E
“I'“ i = s - 3 =
kot Wl Pan & Eaimpks - Dry Weeight [} ¥
o Sample - Wet Wisight (01 L= [B-AY
CP 21 Zecton 5.2:
Cakulabs = pErcent paszing for i Samphs - Dy Weeight (g} E=(l-A]
= 28 - 2200 by multiplying the
percent passing sach sieve of e ey Worimbure Loss: §gi F=D-E)
washed sieve analysis specimen by
I PEMCERS pasIIng the (+ 24) sieve] oo Mhowiune Conbent (M0 % 0= {F ! E) X 503
of the okl sample divided by 100
0 Epecimen Dry Weight [BD0W_1) E
- &4 Gradation Washed Shewe Aralysks
i a s=pamabk |- &) roshee e s esed D defemine dy mass of
[AT VT ey a— [ S pradafion sampie. wse acuBabon below io defermine (- 24) Sampls Ory
e e R ] k! A weight before wash [BDW]_Z) using e MC above.
=) Wt Pl o Rl resed Faroarl Foding Washe! S
&= [- 4] VWit Wedght + {100 + MG % ) x 100 = -84y Sample Dry WH3DW_2)
10 - Seis
#id [ MEtWT,  +[100+ efoo=_ BOW 2
axl LA, Earvishs [T
B0 . Sl
a5 Pl LA ETamg e
f e
L]
- 00
THN
[DASRAY - TEAA) o DANW 1000 = 5 IDNIT | Spare = 04 Electyni: Sigraiung of LA Parsonie
e - )+ S ¥ W=
CEHTTE S

Previcus sdiilcne are choodsle and may not e uced, Page 1of T CDOT Feern 564 32021
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CDOT Form 564 Page 2
ATTERBERG LIMIT WORK SHEET
[T Ty [T Judaracis It
LIILADY LIRAIT Rurnoer of Blows Ftpiker
TINID 22 03850
A = Mzzs.of Tin 23 1.5500
B = hass of Tin + et Soil (g) 24 0.3%50
C = h3ss of TIn = Dry S0l i@ 25 1.0000
D = Wit o waet 50l (B-AJ (0 6 1.0050
£ = Wikt of dry soll (C-A) i 7 1.0050
F = LSS {0-E) igl | = 1,044

hioishare Conternt = {F+ E) x 100

LL%% = bpisturs Comient ) numbsr of Diows X Mulbipiler.

Mgmber of SIows

Ligquid Lirmit (35 | [~ Plashc Index Specifications
PLASTIC LIMIT Liguid Limit %
Tin 1D

Plastic Limit %

& = bass of Tin

Plasticity Index

B = Mass of Tin = Wet Soll (g)

M145 Soil Classification

C = Mass of Tin + Dry 2al ig) #10
O = Wt o wet Soll (B-A) () 240
E = ViR of dry soll {C-A) (g) #200

F = LOSZ (D-E) (g

Loisture Coment = (F = E) x 100

AASHTO Classification

T

[ P T

WATER SOLUBLE SULFATES WORK SHEET

2

Tested by (print nam]

A) Mumbes of dliutions:

Sampie date

B) Final diufion {10 ¥-1)

Sample beottle 1D

) Reading:

Saturation date

00 Correchsd reading

Saturation Hme

E} Sufate concentration

Test star tme

E =({Ex D] () marL 0 =

O ppm

Simplified Procedure

11 Dry sol (=940" F/S0° ) and process hrough the 22 sieve.

Z

Process a represeniathve sample Sirough & 220 sheve

(]

Flao= a 253 repressniabve sampks mio cl=an fask or contaimer

4

Add Z=0ml distiled water and shake well. (10:1 diution

Let stard ursdisharbesd Tor a minimam of 16 hrs mainiaining e
solgtion ) 440° F (+~ 5" F|

Fipet ZEml of standing solubion and deposh imo clean S00ml Sask (do
not disbart sediment). T sarmpie exhiblis urbkdity then fibter urid clear

71 Dllute t=sf sample o 250mi by adding 225mi of distlied water.
dlkrticn

0o

Praviouc sdRlonec are cboodsds and may nod b= ucsd.

Page

8] Pipet 10mi of ssmpie inbo sample celis (1 bank, 1 reaction sample

§) Add resgent bo 1 cell, shake well and =t skamd 3 minieium of E miee and
not more than 10 min

10) Flace biank inio colofmeter and zero e meser.

11) Replace blank with reactsd sampi= ard fake reading.

12) Record the reading. (mgil io 10, ppm o 10, % to 0.04)

13]) I¥the reading exceeds the limis of the meter discard best sample amd
blank. Clean e sampie cedls. Diluie sampie further by Bkdng 25mi from

the 10:1 fest sampie {(step 4) and diube fo S00ml. (200:1 diuion]
Repeat stens 8 -12. Conbnue dikstons undl a reading 1= obianed.

Page 2ol 2 ODOT Fors 584 S50
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CDOT Form 565
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Chapter 300

Colorado Department of Transportation

T B

By

Siewe Analysis for Aggregates CP31 [
Atterberg Limits TE3 and T390 I
T DT L o e e Tala s Pl e S0 - e o) T ST - M TR
B i £ e e Sl Y vt e B - L 01
AESTART L0 8 Mt v Char T Teir e
Gradation S pedimien Washed Dy a
ey Weight [SCW: Weight [WIW]: Sample Information
S Weighn Perceiil Retdined | Pifoesl Paksing Sy Sadrpled Fisin:
" Sopplier Thchet b
- (r—
£ Station:
T Lasve:
Fa O aatity S ample Beprienl:
14 Saivipliigg el iazs sl byt .
1" Samphe Teibid By
N Sample % Moisture and Dry Weight
L Paii 00z
" Fan Weght (gl A
Y™ Pan & Sample - Wel Waight [g): B
b A Paf & Saimiphe - Dy ‘Wekght (g L
a4 Saimphe - Wet Weght (g Di={E-&
23 Sainiphs - Diy Weight (gl E=il-4)
Ll Pl it (L () F={-E]
a3a Matstare Contant (MO} % G={FfE] = 100}
#1100 f gradan phe and imod samphe are Ube same samphs,
e et thee dey weeighet (SO0 in the thewve analysis cakoulatioes.
: Gradyiion Fermaria:
- 3200 WD - TEW) ¢ WD x 100 =% NI | Spwee: 0035
Total Serems =
WT [T { ] w100 = L
Wet Weight = (100 + MC % ) x 100 = Specimen Dry Weight H & split seokituie samphe B used to Jetermio Sy mass of
Wet WT '—I_il:!'.'l" | x 400 = SO gradatien dample, use Caloulatisn b deleriming dry eeight
[T r—
Aneberg Limie Liguikd Limit T80 | plasse Limie To N
Tia 1D
Micia ol Tin:
Miks of Tia + Wit Sall:
Micis ol Tin # Dry Soil: Mumbser of Blews | pultiplie 1A Samphs I|:I.|
Mol ure Conbent 3 I3 L3850 Dectronic Sigracurs of LA Pericnnsl
Binbset of Blows: ] L9500 ==
Plarsticiny dea Soacifications 4 (AR
SaaToie Remenin:
Licpuic] Lirmit %2 a5 1. 0000
Plastie Lissit % I 1. 0050
Flastidty |iedaa: Fo 1. D50
L % = Mohfue Conbent i number of blown ¥ mufBplier = 1.040

Fievin i e ol

et e iyl bee amel
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CDOT Form 633 (Tag)
Hole with Wire Tie
/ 3 Inches
/ |Contct D ‘ Region ‘Materil Code Contract ID [Region

\ Sempl D e Sapie I

Tast# Proj Special Provision Lah Ref # FS5# Test#
| O-
‘ =t cals Sargl of — et 4 nches

[E-mail Tem #

Sample o
Detach Stub and Submit with Sample
Colorado Dept of Transportation 4670 N. Helly St. Colerado Dept of Transportation 4670 N. Holly
Demver (O S0216-6408 St Demver CO  80216-6408
;\ CDOT Form 633 8119 CDOT Form 633 §/19
10 TInches

~

40 degree cut

CDOT Form 633 Tag (w/preforated tag and wire tie)
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COLORADOD DEPARTMENT OF TRAMSPORTATION Contract [0 Region
STABILOMETER RECORD OF —
ITEM 304 ABC
Proj. location
[Pt name Dzt Sample D Lab#
Represents LL PL Pl SE Class
___ —
GRADATION Stabilometer "R" value:
Ag run Set up
Sgi-.ve ;i;ﬁﬂng Sealn % moisture at lbs. per cu. fit.
— = % Moisture - #4 Material x
4" Weight of - #4 Material =
3= Weight of H,O +
[ Initial H,0 added =
i Total initial H,0 (A)
-
- — COMPACTION
| 102" Cylinder #
1" H,O added (B)
Exudation pressure, lbs
3}4" _________
— Exudation pressure, P3|
| 172"
3 Ht of briquette (H)
Wht. cylinder & wet sample
22 | p=2———
— — Cylinder tare
| #8 Wet wi. of sample (W)
216 | | Weightof HO (C)
* Diry wt. (D)
#0 0 ! LT T
— * % Moisture (M)
| #100 * Density
2200 Height comection by wi.
Set up weights
o
2+ 4 STABILOMETER
Total load PE
12" + 35" 1000 a0
308" + #4 [ 2000 160
[ Displacement tums
4 | Displacement tums
"R value
T (&) + (B) =(C) Drainage
‘Ww) -(C) =D T ———
*(C) = (D) = (M) Exp. pressure dial reading
(W, ) =303
(100 + M)y x H
Frevious eqmions are not obsolete ang may not be used. [0 TS
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COLDRADD DEFARTMENT OF TRANIPORTATION Vg =
FIELD REPORT FOR SAMPLE IDENTIFICATION |[====% Fesy—
OR MATERIALS DOCUMENTATION
Prosc e
Profact Locmiion
hma v Fimkd ek mrors Lol Fhons
Cods (LIMT) [ -] Clams l'..-'l:ru;
Spmoml Prammns PEL
*ravioumly ussd on Propd e rervicem LT Forme B2 FOS Moues SO i orre S5 (k)
COST Fom 855 o
Lamnzs lremefoebon Duaridy & Ul of mEs sl susmbes. descnbs e reguerss, precies ioostion ssTmss reroys from (Selonng ], B
Ersas Dounarsaion [ s mpscsd deectes posannrs sugitdrsmons modelssrel o ser 2 e TN prordides el
Cantral LaZ use onkye
Sampes 10 ] Sarz IDEs) Sampha 15 HES
TETRE A Taroe L 95 Taroe 1L 0
AFLFONL Acospiaroe: AL N B L HrHE Cmls checksd
A LML Acceom-ce S el B FTDCLC I E= D ]
Prail~inany Canstraction ManEnancs Ememency Twia
Contmcmr Arplar
Sampsd from P maTs or o
N amlmmy il
i,
T S P Prwrvicum cumniiy Tl cpmridty iz ceis
Sarcis seTrees - mocT i Ty o T
Yes | No Central lak Region kb Consulant b
P g e T — TEs Tl
T CRrwBCT 1- S LS F oy TR IL PLGk | SI0 T Thas Timmidery
Ciarkaicer Chamicad Latr cdor_cverisbaforars oo un Powaies Prooarias ciol_pior e oo COOT Foem 157 DT
Coneoats Laks odod_oons i sooa e oo Ls il Pt e ot a0 L

Sxodin L mer coed; pode mofpreis oo m
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