Module 1

Introduction
EXECUTIVE MODULE

Prepared by:
James A. Moore, P.E.









Sealing resistance
Abrasion Resistance
Chloride Penetration
Strength

Elasticity

Shrinkage

Creep

ASTM C672
ASTM C944
ASTM T277
AASHTO T2
ASTM C469
ASTM C157
ASTM C512



(columbs)

Compressive 6,000 to 8.000 to 10,000 to >14,000
Strength (psc) 8.000 10,000 14,000

Elasticity (psi) 4t06x10° | 6t075x10° | >7.5x 10°
Shrinkage 800 to 600 600 to 400 <400

(microstrain)

Creep 05210041 | 041t00.31 | 0.31t00.21| <0.21

(microstrain/psi)

Ref

. Goodspeed et al., Fig 2
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Ref. Castrodale et al., Fig. 1.2



Two Span Continuous
Post-Tensioned Box Girder
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Reference: Jobse, Fig. 8 10



5‘—Span limited by prestress laovel

SPAN (ft)

T MAX.,

100

4.5 5.5 6.5
BEAM DEPTH (ft)

Reference: Jobse, Fig. 9
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2. I ncreased beam spacings
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9 AASHTO-PC| Type TX Girders @4 spa.
30 stronds /girder = 270 tota!

4 AASHTO -PC! Type I¥ Girders =9'spu.'
58 stronds / girder = 232 total 'l

Ref. Castrodale et al., Fig. 1.1
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Maximum Span (1)
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Girder Spacing (1)

Ref. Zia et al., Fig. 2.4
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CLEARANCES
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Max Span (i)
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Girder Spacing (ft)

Ref. Jobse, Fig 6
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2. Increased Beam Spacings
3. Shallower Members
4. Increased Durability
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e Abrasion Loss
 Carbonation Depth
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3. Shallower Members
4. Increased Durability
5. Improved Mechanical Properties
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* Tenslle Strength
* Bond
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e | nstability Cautions
* Thicker Deck for Wider Beam Spacings
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7" dec}
1, =6ksi

8" deck
f' =10Kksi

Ref. Castrodale et al., Fig. 1.1
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3. Instability Cautions
4. Thicker Deck for Wider Beam Spacings
5. Risk of Trying Something New
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e Partnership
 Demonstrate the Technology
e [ ncor porate into Everyday Use

31



Life Cycle Costs
e Continueto Spread the Word
e Sunset

32
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Note: Total area of Louetta deck = 50,069 ft?2
ref. M.L. Ralls, Concrete International 3/98
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Module 2
MIX DESIGN
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INSEECITION AND TIESTING






















Module 3

Construction

Preparea ny:
Mary-Lou Ralls, P.E.




CONSTRUCTION
IOPICS

Concreting Practices

QC/QA for cast-in-place
HPC



COMMUYUNICATIONS




PIRE-BIDIVIEENING

Researchers
FHWA

Specification changes
Discussion/ Q & A



PARIICIPANTS

Researchers
FHWA
Owner

I




PARTNERING

ollow-up (as
needed)
Close-Out

Voluntary basis
Shared expenses



INFIHALL TFEAIVI-
BUICDING
WORIKSHOR

Selected by contractor

Action Plans




PRE-CONSTRUCTION
W == FINE

Review of variations frgsim 2
standard practice

Research activities
Detalls
Coordination

Discussion/ Q & A




COMIMUNICATHIONS

(1-2 months after letting)

Pre-Construction Meeting

(1 month after Partnering
Workshop)



COMIMUNISATHONS
ASENEEDED

Action Plans
(who, what, when)



CONSTRUCTION
PDOCUIVIENTS

Contract Plans

General Notes and
Specification Data

Special Provisions



CONSTRUCTION
PDOCUIVIENTS

HPC Mix Development
Laboratory & Field Testing
Structure Monitoring



EXANMPLES OF CHANGES 11O
CONSTRUCITHON

SPECIFICATIONS

Permeability specimens

Project acceptance at 56 days for
high-strength HPC

Additional strength specimens

13






CONSHTIRUCTHBEIIEINNY

Curing
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0.6-inch diameter strands

: : : & high-strength HPC concrete
conventional 0.5-inch diameter strands = —

& normal-strength concrete

T,

28
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Louetta Road Overpass
Houston
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Module 4

Cost Estimating and

Life-Cycle Cost Analysis







Typesof Cost
Estimates




Examples







Typesof Cost
Estimates




Example







Example (continued)




Example (continued)

Placing Labor Cost




Example (continued)

Sacking Cost




Example (continued)




Life-Cycle Cost




Long Term Monitoring




M echanical Properties




Durability Characteristics




Constructability I ssues
Potential for Cost Savings




Cost Effective Designs




Cost Effectiveness

e Optimum Cost Curves

E 8 B B & &

£ 8

8

“
2
[}
g
&

70 81 0 IO 110 120 130 40 18D 140 170 180 190 200
Span, ft

Figure 10. Optimum Cost Corves for a BT-54.




Effective Use of HPC




Initial Cost Savings




’,-Aspholtic Overlaoy

9 AASHTO-PCI Type TZ Girders @ 4 spa.
30 stronds /girder = 270 total

4 AASHTO - PCl Type I¥ Girders °9' sch
58 stronds / girder = 232 total 7|

Hef Casifoclzala et all, Flef,




AASIHTO Type IV Girder witin 7" Deck

fc’ deck = 4 ksi

s

;

AASHTO - PCI
Type I Girder

9 10 11 12 13
Girder concrete strength (ksi)

Hef Casifoclalle izl Fle), L2




Depth Vanations for Bulb-Tees with) ClPP. Deck

: /so"'a.T. 8ksi
| A
AT BT 6ksi
i

48" B.T. 10 ksi

i
-
'S
A
=
<
Q.
o
>
<
=

4 6 8 10
GIRDER SPACING (FT)

(Reference: Jobse, Fig. 6)




Long-Term Cost
Savings




Life-Cycle Cost
Analysis




Life-Cycle Costs




Formula l




Formula 2




Bridge LCC




Bridge LCC (Contd)




Bridge LCC (Contd)




Bridge LCC (Contd)




Bridge LCC (Contd)




NESTIR &d9a

== Mepgbpme ol s e Ll ol ]
NIST Fareine, Eirirsm B usul s Mambalit LdLorscny
Flaleis Bl i SEen g ormiey  Geseslang. Mepar SN

BridgeLCC 1,0 Users Manual

LUyl € welimg Softwadp Ty Preliminary lrodgs bevign




Life-Cycle Cost Analysis
for Bridges (BLCCA)




HPC Cost Data




Concluding Remarks




Module5

Structural Design
using HPC

By:

Maher Tadros



Ultimate Strengt

Shear Design

Transfer & Development L ength
Deflection

Continuity



| ntroduction



BENEFI TS OF HIGH
PERFORMANCE

CONCRETE

 Better Performance - Related to higher
strength



HIGH PERFORMANCE
CONCRETE DECKS

e Better abrasion resistance
 Improved life cycle performance



58 - 0.6” low-relaxation strands

| nterior Girder = NU1100




Example 1

Bottom fiber stress at service

=-620 psi < Q/f’ . =-657 ps
Bottom fiber stress at release
=5689ps <0.6f . =5700ps



Example 2

Bottom fiber stress at service

=-398 psi < 6,/f’ .= -424 ps
Bottom fiber stress at release
=2543ps < 0.6 f = 2544ps



Glrder Type



Features of an Efficient HPC Girder

e Narrow Web

10



Samples of HPC Girder

e Texas U Beam
e Colorado Box Section



Optimum Cost Curvesfor BT-54

q. ft.
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Ref: Russell, Vol; and Bruce, Fig. 10 2




Variation of Guyon Efficiency
Factor with Depth of Section

L/(AY,Yp)

Ref. Russell, Volz and Bruce, Fig. 2

m CTL BT

o PClI BT

¢ FL BT

<& AASHTO VI
R AZa

- CO

o U4

o NU
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Variation of Aswad Efficiency
Ratio with Depth of Section

0.90

Section Depth, In.
0.85 P

40 60 80 100
Ref: Russell, Volz and Bruce, Fig. 3
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arein mm.

NU GIRDER

15



Gir

3 0.5" strands
== f'.=12000 ps &
5 0.6" strands 42 58 58

40 60 80 100 120 140
Maximum Simple Span Capacity of NU1100 (ft)
16






SAMPLE MIX DESIGN FOR TEXAS
HPC BEAMS

Cement 671 pcy Type lll
Fly Ash 316 pcy ASTM ClassC
Retarder 27 ozl/cy ASTM TypeB

Superplasticizer 178-227 oz/cy ASTM TypeF

18



SAMPLE MIX DESIGN FOR NEBRASKA
HPC BEAMS-12SF

Cement 750 pcy Typel

Fly Ash 200 pcy ASTM ClassC
Retarder 40 oz/cy ASTM Type A

Superplasticizer 300 oz/cy ASTM TypeF
Silica Fume 50 pcy ASTM C1240

19



SAMPLE MIX DESIGN FOR NEBRASKA
HPC BEAMS - 12FA

Cement 680 pcy Type lll
Fly Ash 320 pcy ASTM ClassC
Retarder 40 oz/cy ASTM Type A

Superplasticizer 340 oz/cy ASTM TypeF

20



SAMPLE MIX DESIGN FOR NEBRASKA
HPC BEAMS - 8FA

Cement 750 pcy TypelP
Fly Ash 75 pcy ASTM ClassC
Retarder 32 oz/cy ASTM Type A

Superplasticizer 144 oz/cy ASTM TypeF

21



Material Properties

 Modulus of Rupture
 Creep & Shrinkage



Compressive Strength




The McGraw-Hill Construction Weekly January 18, 1990 $5

EN=

Engineering News-Record

Is concrete

Ref: ENR, 1/18/90

24



* As concrete strength increases, the

effects of Improper testing and

sampling procedures grow as well”

Ref: Russell, Gebler and Whiting
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MODULUSOF ELASTICITY

e Camber and Deflection
e Prestress L 0sses



How to Calculate E,

= T c M C
« ACI 363: E.= (40,000 Vvf_ + 1.0 x 10°)
o Experimental resultsfor local materials

28



Modul

5000 +—e

4500+ =
/
4000 +———

ACI 363

3500

70.00 80.00 90.00 100.00 110.00 120.00 130.00

\/f_c

29



M odul

2.5

4
9000 psi 11000 ps 13000 ps
9 9 100 105 110 115 120

30



BNz
|~ | .

=<
) ”
'V |
_ eEA
~ ’E 8FA
5000 12FA a = 45850

b = 1789000

Modulu

4000
80 90 100 110 120 130 140

fc
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Amount and type of coarse
aggr egates affect valueof E.. E_
of HPC should be deter mined

through experiments with local

32



UNIT WEIGHT

 For High Strength Concrete;
o W =145 - 160pcf (plain concrete)
o W =150 - 165pcf (reinforced concrete)

33



Modulus of E

6000
5500

5000
4500

4000
3500

| L _— \ W = 15 p
_® /A g
T \\ w = 145 pcf
\
ACI| 363

70.00 80.00 90.00 100.00 110.00 120.00 130.00

i

c 34



7500

\]
o
o
o

6500

6000

5500

5000

4500

Modulus of Elasticity (ksi)

4000

80.0

Mix 8FA

| __Test Data
—+
¢ L 4
o .: . )//v%\ }*\\w = 160 pcf
y 12 = - w = 155 pcf
MY,/ - w = 150 pof
~ ™\
w = 145 pcf
RN
ACI 363

850 900 950 1000 1050 110.0 1150

VA

35



Span = 32 ft

When w = 150 pcf & E, = 33 (145)1%/f., A=1.60in. |
When w = 165 pcf & E. = 33 (160)15.f., A= 1.28in. !

36



M odulus of Rupture




Theflexural tensile strength or modulus
of ruptureisdefined as.

f=KAJT

.0 for normal weight concrete
0.85 for sand-lightweight concrete
0.75 for all-lightweight concrete
For HPC avalueof K greater than 7.5 is proposed

38



BEAM DESIGN COMPARISON
PARAMETERS

tension at 1Q/E

release

Allowable :
tension at 8\/?C

service

39



200 -
40 60 80 100 120

f'c , psl

40



Creep & Shrinkage




Creep and Shrinkage

e Stressredistribution in composite
members

o Continuity reinforcement over piers

42



ACI 209 - Creep

(CPLo= Horpet

For H=70%, LA=1-2 days, LD=infinity, C, =2.00



Cornell Study

k; = factor on influence of concrete strength
k. =1/[0.67 +(f./9000)] ps

for f.=3,000to 12,000 psi, ki = 1.0t0 0.5



Nebraska Creep Test

Three mixes
Two curing conditions

Averagerelative humidity : 40%
Average Temperature: 65°F

45



Creep Prediction

JI MN\.IN.
Size, ... etc. It isproposed that y.include a new
correction factor yy .for strength.

Vq.= 1.18-0.045f',

46



12SF-7-C

T 140 - L
o b == | | ﬂ ¢ C5

C6

C7

@- ' c8
~ 0.60-
@) - —-—-—ACI| 209
0.404
= New Eq.
0.20
0.00
0 20 40 60 80 100 120 140 160 180

Time (days)

a7



ACI 209 - Shrinkage

for H =60% andt = infinity
€nu = 624 x10°

48



AASHTO LRFD

K, = size factor
ki, = humidity factor

49



Nebraska Shrinkage Test

Three mixes
Two curing conditions

Averagerelative humidity : 40%
Average Temperature: 65°F
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Shrinkage Prediction

/ O OAu 8 Or 1 eCtior Ol Ol
Sh A U o C .

Size, ... etc. It isproposed that yg, include a new
correction factor yg ¢ for strength .

Y¢s=1.2-0.05,

ol



12SF-7-S

()
c
‘" 600
%
O 500
) ¢ S
£ 400 = 2
- S3
B 300 <
n
O 200 ————ACIZO(I?
ok = New Eq.
= |
X 100
-
0 25 50 75 100 125

Time (days)

52



Hexural




Factors I mpacting Flexural Design

primarily controlsthe design
of girders.



40 60 30 100 120 140

Maximum Simple Span Capacity of NU1100 (ft)
Allowabletension at service:

Curve (1) - § f(; & Curve(2) - 8 f(;

95



Compression at release

The compressive stress at
release will control the
number of strandsthat can

56



OBSERVATIONS

(2) Allowabletension at service
has minor impact.

(3) Allowabletension at release
has practically no impact.

Y4






TIME-DEPENDENT
PRESTRESS LOSSES

L ossdueto creep of concrete
L ossdueto relaxation of prestressing steel



METHODSIN PREDICTING
PRESTRESS LOSSES

e AASHTO-LRFD Refined Estimation
e Recommended Method

60



AASHTO Standard

to all superimposed permanent dead loadsthat are
applied to the member after it has been prestressed.

f . =concretestress at the center of gravity of the
prestressing steel dueto all dead loads except that dead

load present at thetimethe prestressing forceis
applied.

cds

61



C,, =20, (EJE,) = 6
C,, = 1.3, (EJE.) =54

62



SH = 15,000(1.13-0.01H)
= 530 x 10°%(E)(1.13-0.01H)

63



AASHTO-LRFD LUMP SUM
ESTIMATION

Nor=33.0[1-015(f.-6.0)/6.0] (kg)
(f'.- 6.0) need not betaken < 0.0

64



RECOMMENDED MODIFICATION TO
AASHTO-LRFD METHOD SHOWN IN

V4 o =1.18-0.045f

CR.=5-0.1ES-005(SH +CR) (ks)

65



66



DESIGN DATA

Bridge: Span = 119 ft

Spacing = 12 ft

Conventional concrete  High performance concrete
fe girder = 7,000 ps f: 5 e = 13,OOO_pS|
f' ¢ geok = 4,000 ps f' ¢ geck = 4,000 ps

67



~FD

~ =0
0.9
.A

31.81

29.7

34.37

20.76

17.5

68




Use proposed method to
calculate prestress |osses.

69



Ultimate



Design Issuesfor HSC

— Strength of composite sections
— Efficient use of HSC

71



Concrete Stress-Strain

Curvesin Compression

16
14
12

Stress g

(KSl) ¢

72



|dealized Stress-Strain Curve
for Very High Strength
concrete

Extreme fiber
N
compression

73



|dealized Stress-Strain Curve
for Very High Strength
concrete

- To simplify design

- To maintain consistency with design using
normal strength concrete

74



Equivalent Rectangular
Stress Block

Normal Strength Concrete:




Equivalent Rectangular
Stress Block

Very High Strength Concrete:

76



Strength of Composite Sections

— Strand stress
— Strain in top of girder
— Proper modeling of conditions

7/



Layer 3

(a) Cross Section

78



& 3,dec
Pl

. |

(b) Strains (c) Forces

79






AASHTO -Standard
Article 9.20

V, <@V, +V,)

by concrete

V= nominal strength provided by web
reinforcement

81



AASHTO-Standard

y
Mmax

V., = (35/f, +0.3f )b'd+V,



SHEAR STRENGTH CODE
PROVISIONS

/////(/K/ // l \\\1\\
A \ v, / A

IR

T O O O N A O A S A
-
CRACKS

VCI

cw

SIDE ELEVATION OF BEAM



AASHTO -Standard

greater than 8\/E bd



AASHTO LRFD

Nomina Shear Resistance - Article 5.8.3.3

_A.f,d,(cotb+cota)sna
S
V, = vertical component of PSforce

S

85






B for Sectionswith Transv.
Reinf. -Fig. 5.8.3.4.2-1




O for Sectionswith Transv.
Reinf. -Fig. 5.8.3.4.2-1




L ongitudinal
Reinforcement - Article

89



L ongitudinal Reinforcement -
Fig. C5.8.3.5-1

POINT O

R

v

P
V“T— 0.5d,cotd | 0.5d,cotd

o

Jpu=s




e Do we haveto have
complicated V. formulas?




|-Beam Example

| 7 U2

92



|-Beam Example

at service = 10 000 psi
Deck strength = 5,000 psi



Ad]acent Box Example




Adjacent Box Example

at release = 4,000 ps
at service = 5,000 psi



Calculated V.

Interim-1979 Specs.




Cost Analysis Assumptions

Stirrups = $0.50/1b



Relative Total Cost

1.011
(000 0 -




Maximum Shear Limit
Article5.8.3.3

99



Continuous Span Capacity of NU 1100
(Three span post-tensioned)
160

Span(ft)
120

SOW

8 10 12
Spacing (ft)




Compression Field Theory
(CAN3-A23.3-M84 & AASHTO LRFD)

A

Equilibrium
of For ces:

P

~ b,d, sinB cosd




Stress in Compression Diagonal
at Limiting Shear, V;

0.8

LRFD

0.7 —— Std w/ Vc = 4 sqrt(5ksi)
Std w/ Vc = 2 sqrt(5ksi)

—— Std w/ Vc = 2 sqgrt(10ksi)

Diag.
Compr.

Stress /
f'c




Compression Field Theory
(CAN3-A23.3-M84 & AASHTO LRFD)

Capacity of

2max = 0.8+170¢,




>

-0.0021 -0.0007 0.0007 0.0021

Strain perpendicular to strut, g,




>

-0.0021 -0.0007 0.0007 0.0021

Strain perpendicular to strut, g,
(Assume 6 = 20°)




Nebraska’s Experiment
(Example)




3.0

2.0

1.0

0.0

Ramirez’s Resear ch
(ASBI Newsdletter Article)

-V imax (KS)

TS~ AASHTO
L RED

0.

- 1, (ks)




Based on theory and

experiments, the 0.25f’c
maximum allowed by
L RFD Specificationsis




Transfer and
Development



TRANSFER LENGTH (lr)
(DEFINITION)

Center of
Gravity of
Prestressing
Strand (CGYS)

SECTION SIDE VIEW

Concrete
Stran
a CGS

>

TRANSFER Distance From
L ENGTH End of Beam

< >




DEVELOPMENT LENGTH (la)
(DEFINITION)

ULTIMATE

SECTION SIDE VIEW




AASHTO Development Length
Equation

 _2
(fas =5 1<)(D)

WHERE:

f*y, = Average stressin prestressing at ultimate load (psi)
f = Effective steel prestress after losses (psi)

D = Diameter of strand (in)




AASHTO Equation

value based on data reported by Kaar et
al.” Therefore, thisrelationship was not
meant to be a conservative estimate,
rather an estimate of an average transfer
length.”

(Ref= Tabatabal and Dickson) -



AASHTO Equation

versus ((L-L,)/D). In the view of the ACI
Committee 423, the proposed line
represented a reasonable mean for the data
points without being unreasonable for long
bonded |lengths.”

(Ref.= Tabatabal and Dickson) 14



Development Lengths Summary
Table, FHWA Data

UNCOATED STRANDSIN GIRDER ALONE*

Type of Girders AASHTO
Ly (in.)

05@2.0"; 5ks 75.9
05@ 2.0"; 10 ks 76.5
05@1.75"; S5ks 76.5
0.6 @2.0"; 5ks 92.5
0.6 @2.0”; 10 ksl 94.4

* (STRAIN IN STRANDS NEAR YIELD, 0.010)




Proposed FHWA Transfer Length
Expression

D = Diameter of strand (in.)

f'. = Compressive strength of concrete at 28 days (psi)

With value of f’ ¢ greater than 10,000 PSI being taken as
10,000 PS|

116



Proposed FHWA Development Length
Equation

D = Diameter of strand (in.)

f'. = Compressive strength of concrete at 28 days (ps)

f*y, = Averagestressin prestressing steel at ultimate load (ps)

f = Effective steel prestress after losses (ps)

With values of f'_ greater than 10,000 PSI being taken as 10,000, PSI



To effectively use higher concrete
strength - alarger diameter strand Is
required




Second FHWA Memorandum
(May, 1996)

- 0.6” Diastrand @ 2" spacing
- 0.5” Diastrand @ 1.75” spacing

e Retained multipliers specified for use with
AASHTO development length equation

119



Deflection



The construction stages ar e as follows: j’ &

4) apply superimposed dead load at 120 days.

The computer program was
used to deter mine the time-dependent
deformation in each stage of
construction.

121



<
c
=
ks
D
A

DEFLECTION (HPC)

girder weight
& prestressing

\%' dead load

— High performance concré¢

ite

Superimposed

e

1100 (1000 1(

Time (days)




Girders:
NU1100 - NU2000

Girder spacing:
6 ft - 12 ft

f'e girder = = 8,000 psi
f' . deck = 5,000 ps

Metric
dimensions.

arein mm.

ﬁrR 50

.4915_.1

NU GIRDER




Girders;
BT54-BT72

f' . girde = 6,000 pSi ]
e dex = 4,000 ps 2 -2
BULB TEE

GIRDER SECTION

124



RECOMMENDED DEFLECTION
MULTIPLIERSAT ERECTION TIME

M ember weight 1+C,
Superimposed dead load 1.00

C_ - creep coefficient for loading duration from release to erection

125



RECOMMENDED DEFLECTION
MULTIPLIERSAT FINAL TIME

u

Composite topping 1+0.61C,

Superimposed dead load 1+0.54C,

C, - Ultimate creep coefficient

126



the function of creep coefficient
can be used for conventional
and HPC members.

127



Continuity



THREE CASES OF
CONSTRUCTION SEQUENCE

- Diaphragm cast first but girder isflexible
torotate

Case 3 - Continuousfor deck weight

129



Time-Dependent Restraint M oment
Diaphragm Only (No Deck)

Moment over pier (k-in.)
-20000;

“— ElasticLL + SIDL moment

/28 56 100 1000 (1010100

0 i |
_ Time (days)
“— Cracking moment

110101005




Time-Dependent Restraint M oment
Diaphragm & Deck Cast Simultaneously

Moment over pier (k-in.)
-20000-

«— ElasticLL + SIDL moment

-10000
- 1000
28 b S 10000

. 42 120
“~Cracking moment

Y \ Time (days)




Time-Dependent Restraint M oment
Diaphragm Cast Before Deck

Moment over pier (k-in.)
-20000;

«FElasticLL +
SIDL moment

g4 1000 10000
-#
56~ 120 :

“—Cracking moment Time (days)
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RECOMMENDATIONS ON CONTINUITY

negative moment capacity of the girder
line over the pier.

(b) Cast thedeck asearly aspossible.
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RECOMMENDATIONSON CONTINUITY (cont.)

(

simultaneousdly
(b) Cast thediaphragm first but minimize

the girder embedment and providea
“*debonding” detail between the girder and

the diaphragm.
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RECOMMENDATIONSON CONTINUITY (cont.)

() increasesthe span capacity of a given size
by about 10 to 20% and,

(b) minimizesthe need for possible positive
moment reinforcement at the piers.
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sequenceisto cast diaphragm
and deck simultaneoudly.
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MODULE 6

Research and Long-

Term Monitoring
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BASIC PROGRAM




TEMPERATURES




THERMOCOUPLE
LOCATIONS

X — 0 In.
X —41n.
¥ —8in. BOTTOM OF SLAB

X —FLANGE C. OF G.

X — GIRDER MID-DEPTH

X —FLANGE C. OF G.
X —BOTTOM SURFACE




LONG-TERM STRAINS




LONG-TERM STRAINS
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Vibrating Wire Strain Gages







CARLSON STRAIN METER




DEFLECTIONS




DEELECTIONS




CAMBER / DEFLECTIONS

Tensioned Wire System
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OPTIONAL PROGRAM




ADDITIONAL TYPES
















LIVE LOAD TESTS




LIVE LOAD TESTS

Deflections
Reinforcement Strains
Concrete Strains







Bonded Strain Gage (ERSG)




DATA ACQUISITION










DATA
INTERPRETATION
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MODULE &




Part B
Research Results




Structural Material
Properties




Structural Material
Properties

Curing Temperature




Typical Hydration Curves

(Beam AA-23  Cast 9/23/94)
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HIGH TEMPERATURES IN
BEAM CURING
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Structural Material
Properties

Compressive Strength




Cylinder Curing
Schemes




Compressive Strength -
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Louetta HPC U-Beam - Precast Plant Produced

28 Day Results
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Sequential Casting Dates




Louetta HPC U-Beam - Precast Plant Produced

28 Day Results

B Match Cured Web
Match Cured End Block
B TxDOT Member Cured
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Structural Material
Properties

Modulus of Elasticity




ACl 363
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COARSE
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pSI
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COARSE AGGREGATE

TYPE

MAX. SIZE
In.

CONTENT
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TEST AGH
days
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COARSE AGGREGATE

TYPE

MAX. SIZE
In.
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TEST AGE
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Modulus of Elasticity,
KSI




Louetta HPC U-Beam - Precast Plant Produced
28 Day Results

B Match Cured Web Match Cured End Block
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Louetta HPC U-Beam - Precast Plant Produced
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Structural Material
Properties

Tensile Strength




Modulus of Rupture

Strength

Moist

Alr

PSl

Cured, ps

Cured, ps
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3/4" Burnet Limestone 4 ¢ 3/4" River Gravel
+ 3/4" Trap Rock o ° 1-1/4" River Gravel
o 1/2" Burnet Limestone
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Louetta HPC U-Beams

1/2” Burnet Limestone

Alamo Type Ill Cement
56 Day Results
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Structural Material
Properties

Shrinkage




Shrinkage Strain
(high curing temp.)
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Structural Material
Properties




Creep Coefficient
(3000 psi @ 1 day; high curing temp.)
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Creep & Shrinkage
Summary




Durability




Durability

Rapid Chloride Permeabillity




Rapid Chloride
Permeability.




CHLORIDE PERMEABILITY OF CONCRETE
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CHLORIDE ION PERMEABILITY OF CONCRETE
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CHLORIDE ION PERMEABILITY OF CONCRETE
12500]

TYPE |

10]0]0]0 2504 F

PERMEABILITY,
coulombs
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U-Beam Member Permeabillity Results
Cast on 2/15/96
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U-Beam Member Permeabillity Results
Cast on 2/26/96
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PERMEABILITY VS. AGE
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1-YR PERMEABILITY VS.
WI/CM
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CONTROL
CONCRETES
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CONTROL CONCRETES
(Coulombs)




SLAG, FA, or SF CONCRETES
(15 Months of Ponding)
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SLAG, FA, OR SF
CONCRETES (Coulombs)
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Cold Temperature Effects
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COULOMB VALUES
Coefficient of Variation




L OW PERMEABILITY




Durability

Freeze-Thaw Resistance




Durability

Deicer Scaling




Durability

Abrasion Resistance




Structural Design -
Serviceability




Structural Design -
Serviceability

Optimized Sections




Cost Comparison
PCI BT-72

120 160
Span, ft




Relative Unit Costs




Cost Comparison with
Premium




Sections Analyzed




Cost Comparison -
12,000 psi

175 ft

150 ft

ol e

PCI FL VI WA CO NU




Optimum Cross
Sections

Optimum Cross Sections:

- Up to 120 ft - PCI BT-72, WA 14/6, CO
68/6

- Up to 150 ft - PCI BT-72
- 150 to 200 ft - FL BT-72, NU 1800




Limitations




Strand Size and
Spacing

0.5 at 0.6. at
2 1n. 2 1n.




Structural Design -
Serviceability




Modulus of Rupture




Structural Design -
Serviceability




TRANSFER LENGTH (k)
DEFINITION

Center of
Gravity of
Prestressing
Strand (CGYS)

SECTION SIDE VIEW

Concrete
Strain
at CGS

>

TRANSFER Distance

LENGTH R From
End of Beam

<




HOBLITZELL - BUCKNER
HPC BEAMS

TRANSFER AND
DEVELOPMENT
_LENGTH TESTS

f’ci= 7,000 psi
ffc =11,800 psi

o»)  6-0.6"DIA
—— STRANDS
AT 2" O.C.




TRANSFER LENGTH

Measurements vs. Finite Element Analysis
for 54-Inch Deep U-Beam
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TXDOT TYPE "C" TEST BEAMS

#4 AT 12" O.C. EACH WAY TOP AND
297 BOTTOM o CLR

1”
3

1” |
1 v CLR

4 -0.6" 16 - 0.6"
DIA. DIA.
STRANDS | STRANDS
AT 2" O.C. AT 2" O.C.




TASK 2: STRUCTURAL
TESTING




Ll
i

ma X
P

e e




k=
©
0
=3

TRANSFER LENGTH
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Measured Transfer
Lengths




Structural Design - Serviceability




DEVELOPMENT LENGTH (lq)
(DEFINITION)

SECTION SIDE VIEW




DEVELOPMENT LENGTH
TEST SETUP

EMBEDMENT
LENGTH (Le) / CONSTANT MOMENT

REGION

SHEAR SHEAR
P i _——SPREADER

< P
SPAN {}gr SPAN BEAM

. SIMPLE SPAN } e CANTILEVER J

TEST BEAM —/




HOBLITZELL-BUCKNER BEAMS
Development Length Test Results




ITXDOT TYPE “C” TEST BEAMS
Development Length Test Results
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CONCLUSIONS




Development Lengths




Structural Design -
Serviceability




Beam Camber
Beam S16 / AA-6 Cast 9/30/94
68 0.6-In. diameter strands

4 mE" /-—. " N
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Beam Camber
Beam N21 / AA-24 Cast 10/28/94
87 0.6-In. diameter strands

B !-.—./ 5 . 39

I' : Just Before
Erection

R
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Beam Camber

San Angelo Beam E26 Cast 4/1/96 L= 152.33’
52 pretensioned / 20 posttensioned 0.6-In. strands

Morning Readings
B Afternoon Readings
= Prediction Model

Camber (in.)

2
6
)
4
3
2
1
0

(0[0)

Time after casting (days)




Initial Elastic Camber

Measured immediately after
release

Corrected for thermal gradients
(small)

Theoretical prediction:

(Prestress Camber) upward
- (Self-weight deflection) downward




Measured vs. Predicted
Camber at Release

B MeasurecHl Predicted

Fall ‘94 Spring ‘96
Avg. Ratio =0.70 Avg. Ratio = 0.79
Avg. Diff. = 0.96" Avg. Diff. = 0.64"
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Time-Dependent
Camber

Prestress losses decrease camber
Creep Increases net camber

Multiplier Method:

): Al)prestress . )\2 )self weight

PCl (Erection): A,=1.80 A,=1.85




Measured vs. Predicted Camber
Immediately Prior to Erection

B Measurechl Predicted

< > < >

Fall ‘94 Spring ‘96
Avg. Ratio = 0.72 Avg. Ratio =0.74
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2
1
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Camber (in.)




Measured Camber Immediately Prior
to Erection vs. Measured Camber at
Release

B Release B Erection
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Spnng‘96
Avg. Ratio = 1.77 Avg. Ratio = 1.65




Structural Design -
Serviceability

Optimized Sections
Tensile Stress Limits

Transfer Length
Development Length
Camber

Prestress Losses




Prestress Losses
Sources of Loss:

Elastic Shortening Immediate
Creep time-dependent

Shrinkage time-dependent
Relaxation time-dependent

Change in concrete strain at cgs (measured)
= Change in strand strain at cgs

x E,s = Prestress loss at cgs (ksi)




Measured Prestress
LOSS

Release 7-10 Mo. (Storage)
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Structural Design - Strength

Flexural Strength
Shear Strength




Flexural Strength

Cracking

Moment, k-ft
Girder Measured AASHTO

Ultimate

Moment, k-ft
Measured AASHTO

BT-1
BT-3
BT-5

3192
3031
2730

3066
3190
3016

6977
6996
6594

6575
6596
6491




Structural Design -
Strength

Flexural Strength
Shear Strength




Shear Cracking

Flexural Shear, kip Web Shear, Kips

Girder Measured AASHTQO Measured AASHTO
160 159 423 261
136 129 328 213
158 164 - -
163 157 - -




L oad Tests

New Hampshire




UNIVERSITY OF NEW HAMPSHIRE
BRIDGE DECK TESTING FACILITY




Mix Designs

Silica
Slag Fume
50 % :

50% 2 %
- 8 %

Alr

6 %
6 %
6 %




STRENGTH VERSUS
TIME

Mix 3
Mix 1
Mix 2
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Mix Performance

Mix Scalin
trengah J

3.7
2.9
2.1

Chloride 28-Day
Slump Permeability

(in) (C) (Psi)
2.5 1016 8910

4.4 625 7220
3.0 641 9700




POST SERVICE
STRENGTH TESTING

Concrete Compressive
Strength

Concrete Tensile Strength

Concrete Modulus of
Elasticity

Steel Tensile Strength
Slab Flexural Strength




| essons Learned

Washington State
General
Design
Concrete Materials
Construction




Purpose of HPC - WA

Economy
Longer Spans
Fewer Girders

Durability
Define Durability

Is Strength Related to
Durability




What Have We Learned
- WA

Develop Mix Designs under a
Separate Contract

Coordinate Research during
Construction

Scheduling
Communication
Girders vs Deck Concrete




Deck Concrete - WA

Water Cure
Fly Ash

High Strength




. essons Learned -
Design

0.6 In. (15.2 mm)
Diameter Strands

Permissible Tensile
Stress

Lateral Stability




L essons Learned -
Concrete Materials

Concrete Mix Proportions
Mineral Admixtures

Chemical Admixtures
Trial Mixes
Full-Scale Tests




Lessons Learned -
Construction

Girder Lengths

Bed Capacities

Match Curing and Maturity
Heat Curing
Deck Curing
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