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temparatura

placing temparaiure

rafarance tempearatura

time

end of satting

ovarall height of building parl lo bea
poured

haight of concrate

hydrostalic pressura haad

haight of concrale at end of setling =

dapth of panatration of intarnal vibrator

placing rale
(pouring rate)

dansity, partial safely facior

fresh concrete density

FH2O

spacific waight of watar

Oh

lataral fresh concrele pressura

s

characleristic value of laleral fresh
concrale pressura

Pearpendicular component of fresh-
concrale pressura acling on tha
farmamark

Parpendicular component of concrate
weaight acling on the formmwork

concrate weaight

uplift

Parpendicular component af uplift
acling on the inclined formwork

Resulling perpendicular companeant
of fresh-concrele pressure acling an
tha inclined formwork

hydraulic pressura

concrate pressura

concrata waight

concrate wplift

resulling concrela prassura

The concrete pressure equation was adopted from ACI 347-14.



Extract from (ACI 347-14 page 7):

4.2.2.1D 51 version— 1he lateral pressure oI concrete, Ccp
(kPa), can be determined in accordance with the appropriate
equation listed in Table 4.2.2.1b.

Ccp=pgh (4.2.2.1b(a))
785R
C =CC|724+——— 4.2.2.1b(b

with a minimum of 30C,, kPa, but in no case greater than
pgh.

(4.2.2.1b(c))

1156 244R
Copex =C.C,|7.2+ +

T+178 T+17.8

with a minimum of 30C,, kPa, but in no case greater than
pgh, where C. is defined in Table 4.2.2.1a(b) and C, is
defined in Table 4.2.2.1a(c).

Data Extract from client- trial mix design

Concrete parameters:

Slump = ..... mm
Concrete unit weight = ..... kg/m?
Temperature = .... °C

= unit weight coefficient per Table 4.2.2.1a(c) Cu
= chemistry coefficient per Table 4.2.2.1a(b) C.
h = height of placement

R = Rate of Placement
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Hydrostatic pressure transient

Pressure transient according to the theory of soil mechanics without setting

Pressure transient according to the theory of soil mechanics with setting

Pressure transient with allowance for silo effect

Fresh concrete
Set concrete (hard concrete)
he ... end of setting

ha ... start of setting

Table 4.2.2.1a(b)—Chemistry coefficient C.

Extract from (ACI 347-14 page §):

Cement type Slag Fly ash Retarders” C,
None 1.0
I IT, or IIT None None

Included 1.2

None 12

Less than 70 percent Less than 40 percent
Included 1.4
Any
None 1.4
Greater than or equal to 70 percent Greater than or equal to 40 percent
Included 1.5

"Retarders include any admixture, such as a retarder, retarding water reducer, retarding mid-range water-reducing admixture, or high-range water-reducing admixture, that delays

setting of concrete

Table 4.2.2.1a(c)—Unit weight coefficient C,,

Inch-pound version

51 version

TUnit weight of concrete, 1b/ft*

Co

Density of concrete, k_g;'m3

Co

w = 140

0.5[1 + (w145 Ib/fi*)]
but not less than 0.80

p <2240

0.5[1 + (w/2320 kg/m®)]
but not less than 0.80

140 =w =150

1.0

2240 = p = 2400

1.0

w =150

wil45 Ib/fit?

p = 2400

w2320 kg/m?

Table 4.2.2.1b—Applicable lateral pressure equations for concrete other than SCC - Sl version

Slump” Internal vibration depth Element Rate of placement Pressure equation
Greater than 175 mm Any Any Any 4.2.2.1b(a)
Less than or equal to 175 mm Greater than 1.2 m Any Any 422 1b(a)
Column’ Any 4.2.2.1b(b)
Wall* less than or equal to 4.2 m tall Less than 2.1 m'h 42.2.1b(b)
Less than or equal to 175 mm Less than orequalto 1.2 m Wall? greater than 4.2 m tall Less than 2.1 m'h 4.2.2.1b(c)
Waltt 2.11t0 4.5 m/h 4.2.2.1b(c)
Greater than 4.5 m'h 4.2.2 1b(a)

*Slump for determination of lateral pressure shall be measured after the addition of all admixtures.

TFor the purpose of this document, columns are defined as vertical elements with no plan dimension exceeding 2 m.

IFor the purpose of this document, walls are defined as vertical elements with at least one plan dimension exceeding 2 m.
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End of setting te at Tc,rer: The manufacturer of the concrete shall provide this information in a suitable form to

Sy elall eithe concrete user on request.

Reference temperature TC,Ref of the concrete at the start of testing of end of setting: Part of the information

Lzayall 3 all Ao for tE

Placing temperature of the concrete TC,placing: Fresh—concrete temperature of the concrete on site
—uall ¢ &) Pouring height: Height of the section to be poured

4l yall dédtSFresh—concrete weight/fresh—concrete density
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Max. fresh-concrete pressure [kN/m?]
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consistency: Concrete consistency is important regarding processability and fresh—concrete

pressure. In particular when concrete of consistency class F5 or F6 or SCC is used, the

fresh—concrete pressure is likely to be considerably higher than with conventional vibratory—

compacted concrete of consistency classes F1 through F4.

150 6
/@/ /@/ 94511-807
125 : 5
100 - 4
N AR :

75 77 = 30,

50 +-4 — (A) 2
/7 ]

25 T 1

0 ‘ 0

0 1 2 3 4 5 6 7

Placing rate v [m/h]

A Consistency class F1

Consistency class F2 B

C Consistency class F3

Consistency class F4 D

E ECC, consistency class F5

ECC, consistency class F6 F

20

Hydrostatic head hs [m]



G SCC

hydrostatic up to te H

Adapt the formwork to fresh—concrete pressure
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End of setting te — setting behaviour of concrete

Max. fresh-concrete pressure [kN/m?]

Setting behaviour has big influence on fresh—concrete pressure.

DIN 18218:2010-01 contains formulas for calculating the setting behaviour of concrete. The K1

factor allows for setting behaviour (linear order of magnitude: 1.0 — 4.0).

By way of illustration, Appendix B of the DIN standard includes five diagrams for end of setting over

periods of between 5 and 20 hours after first adding of water.

Setting is the phase in the process of hydration in which the viscosity of the concrete increases
(transition from liquid to solid state). When setting completes (marked by the end of setting te), the

concrete begins to develop its strength.

Fresh—concrete pressure for consistency class F4 against times to end of setting te of 5, 7, 10, 15

and 20 hours

L /«9(.\ /\ ﬁ{\ / 94535-800 ¢
125 AV for B 5 =
v N 4° 23 E
//\.Q/ \Q// / @/{ A/ -Cm
100 Vv 4 =
. / / Al . @ S
/ P // / -C
50 // /// 2 3
L 7
25 +—= 4 ]
il

0

Yo 1 2 : 4 5 6 7

Placing rate v [m/h]
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Example: Postulated placing rate: 2 m/h. Only concretes with an end of setting of less than 9 hours evince a maximum fresh—concrete

pressure < 80 kN/m?. Maximum fresh—concrete pressure is considerably higher when the time until end of setting is longer.

Example: Permissible load, Framax Xlife (panel width 1.35 m) with anchor system A

20.0

Accurately predicting the end of setting te of the concrete is difficult. End of setting te depends on

several factors, all of which interact to a greater or lesser extent.
Definitive influencing factors:

Temperature of the fresh concrete and the ambient temperature
Binder/cement and water/cement ratios

Concrete additives/admixtures

Calculating end of setting:

Vicat process: EN 480-2 process

Knead-bag process: practical process to DIN 18218:2010-01

Alternative methods of calculating the end of setting are permissible if they verifiably produce correct results.
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Binder/cement and water/cement ratios and concrete admixtures

The setting behaviour of concrete depends to a very large extent on the following factors:
Reactivity of the cement, characterised by the following properties:

Fineness of grinding

Proportion and properties of the cement (latently hydraulic, inert)

Intergrinding substances (cinder sand, powdered limestone, fly ash)

Chemical composition of the clinker (C3A-free cements, sulphate carriers)

Depending on the way in which they act (inert, hydraulically active), the concrete aggregates

also influence hydration and consequently the way in which the concrete sets.

The hydration of cement is an exothermal process in which heat is released. An increase in
ambient temperature or fresh—concrete temperature makes hydration all the faster and more

efficient.

Less reactive cements that are not finely ground and have a reduced proportion of clinker:
CEM IlI/A 32.5

CEM I1lI/B 32.5

CEM II/A 32.5

CEM 1I/B 42.5

CEM II/B 32.5

In combination with strongly consistency—sustaining plasticisers, the differences in setting as
influenced by fresh—concrete temperature and ambient temperature can be considerable.

These differences are less pronounced in the case of more highly reactive cements.

Diagrams 1, 2 and 3 illustrate the effect of cement composition on setting, with and without

the addition of plasticisers.

Cements with retarded setting:
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Composite cements with high proportions of intergrinding substances (CEM III)
C3A-free cements

C3A-free and CEM IIl cements (less hydration heat development) are used in massive and

high construction parts.
Influence of the seasons:

Combinations of binder and additives that are suitable for summer conditions can result in
severely retarded setting at winter temperatures (see Diagram 1 without plasticiser, and

Diagram 3 with plasticiser).

In projects stretching over long periods it is advisable to adjust the concrete recipe to match

setting properties to seasonal conditions.
Match the combination of cement and plasticiser to climatic conditions.

Heating the mixing water or the stone aggregate accelerates hydration of the concrete.
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How different cements set at 20 and 10 °C cement—grout and ambient temperatures

0 5

CEM142,5R (20°C)
CEM142,5R (10°C)

CEM | 32,5 R C3A-frei (20°C)
CEM | 32,5 R C3A-frei (10°C)

CEM II/A-S 42,5 R (20°C)
CEM II/A-S 42,5 R (10°C)

CEM II/A-M (S-L) 42,5 N (20°C)
CEM II/A-M (S-L) 42,5 N (10°C)

CEM II/B-S 42,5 N (20°C)
CEM I/B-S 42,5 N (10°C)

CEM II/A 32,5 N-LH (20°C)
CEM II/A 32,5 N-LH (10°C)

— 94535-801
1

End of setting B Start of setting A

Setting times/start — end

10 15 20

Time axis [h]

Cement grout + amb. temp. 20 °C
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Additives (concrete liquefiers, plasticisers, retarders, etc.)

Nowadays, liquefiers and plasticisers are used in production of all concretes. These concrete additives have
a maijor effect on the end of setting of the concrete, and this applies in particular to plasticisers and

retarders.

Benefits of plasticisers on polycarboxylate ether basis:
Minor loss of consistency over time

Extended workability

Ability to maintain consistency over an extended period improves the workability of the concrete in the hot season of

the year. Consequently, these plasticisers are frequently used in the ready—mix concrete industry.

The intensity of the effect of consistency—sustaining polymers depends on the following factors:

Cement composition (CEM |, CEM II, CEM IIl)

Chemical properties

Fineness of grinding

Fresh—concrete temperature

During the cold season of the year in particular, this can retard the end of setting to a very significant degree.

Plasticisers in combination with different cements and temperatures lead to considerable differences in the

setting behaviour of the concrete.
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How different cements with and without PCE super—plasticiser set at 2() °C cement—grout and ambient

temperatures

CEM142,5R (1% FM) O
CEM 142,5R (0,5% FM)
CEM142,5R (0% FM)

CEM | 32,5 R C3A-frei (1% FM) i
CEM | 32,5 R C3A-frei (0,5% FM)
CEM | 32,5 R C3A-frei (0% FM)

CEM IVA-S 42,5 R (1% FM) =
CEM II/A-S 42,5 R (0,5% FM)
CEM I/A-S 42,5 R (0% FM)

CEM II/A-M (S-L) 42,5 N (1% FM) =5
CEM IVA-M (S-L) 42,5 N (0,5% FM)
CEM II/A-M (S-L) 42,5 N (0% FM)
CEM II/B-S 42,5 N (1% FM) B

CEM 1I/B-S 42,5 N (0,5% FM)
CEM II/B-S 42,5 N (0% FM)

CEM II/A 32,5 N-LH (1% FM) =
CEM IIVA 32,5 N-LH (0,5% FM)|  (A)——> i (B)
CEM IIVA 32,5 N-LH (0% FM) . . _94535-802
0 5 10 15 20

Time axis [h]

The plasticiser used significantly affects start and end of setting to an extent that depends on quantity added. In the case of certain cements,
moreover, the plasticiser significantly prolongs setting time. The plasticiser’s effect in this respect is particularly noticeable when the Portland cement
clinker proportion is severely reduced and in the case of C3A-free cements.

A Start of setting

End of setting B

Setting times/start — end
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Cement grout w/o plast.

Cement grout 0.5 % mass plast.
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Calculation Guide

Fresh-concrete pressure

Fresh—concrete temperature / placing temperature / ambient temperature

Hydration is influenced by the temperature of the fresh concrete and by ambient temperature. DIN

1045-3 limits fresh—concrete temperatures to the range +5 to +3( °C.

A fresh—concrete temperature of at least

+10 °C is necessary in the following cases:

Ambient temperatures from -3 to +5 °C using < 240 kg/m* LH cement (cement with low hydration

heat)

Ambient temperatures < -3 °C

When ordering concrete in winter, make sure that the concrete manufacturer can ensure that the

fresh concrete is heated (conversely, in summer the concrete has to be cooled).

Benefits of controlling fresh—concrete temperature:

Compensation of differences in setting behaviour

Continuous progress on the build is ensured

DIN 18218:2010-01 specifies end of setting for concrete assignable to a strength class of at least

C20/25. However, these figures apply only in the absence of additives with a retarding effect.

Clarity with regard to the actual end of setting requires direct testing of the concrete.

Notes on empirical values for end of setting as stated in DIN 18218:2010-01

Concrete with Concrete Expected end/
strength temperature iend of setting
development [°C] tE [h]

fast >15 tE =5
medium > 20

fast > 10

doko 999818402 - 05/2021
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Calculation Guide Fresh-concrete pressure

medium > 15 tE =7

slow > 20

In tests, the PCE super—plasticiser used brought about a significant retardation in setting, and this

applied across all the cements tested (see Diagrams 2 and 3). For a temperature range of
+10 °C, the end of setting for C3A-free cement and CE

M IlI/A was in excess of 15 hours.

doko 999818402 - 05/2021 22



How different cements with PCE super—plasticiser set at 20 and 10 °C cement—grout and

ambient temperatures

0 5 10 15

CEM | 42,5R (20°C)
CEM 142,5R (10°C) ==

CEM | 32,5 R C3A-frei (20°C)

CEM | 32,5 R C3A-frei (10°C) T

CEM II/A-S 42,5 R (20°C) @—> <

CEM Il/A-S 42,5 R (10°C)

CEM IVA-M (S-L) 42,5 N (20°C)
CEM IVA-M (S-L) 42,5 N (10°C)

===
=)
CEM II/B-S 42,5 N (20°C)
CEM II/B-S 42,5 N (10°C) =
——

CEM II/A 32,5 N-LH (20°C)
CEM III/A 32,5 N-LH (10°C)

94535-803
1

0 5 10 15
Time axis [h]

Start of setting A

End of setting B

Setting times/start — end

Cement grout 1 % mass plast. + amb.

temp. 20 °C
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OH20 = YH20 X i The rule is:
static head [m] h
specific weight of water — 10 kN/m* [OH20.

water pressure [kN/m? [OH20

. Concrete pressure does not increase further once the maximum concrete pressure has

been reached.

A A /

concrete

G hk, ma» G hk, max P




temparatura

[ - placing lemparaiure

Tehe rafaranca tempearatura

H tirmi

i end ol safting

H ovarall height of building part o be
povred

h haight of concrate

M. hydrastalic pressura head

h: haight of concrale at end of seiling =

. dapth of panatration of intarmal vibralor
placing rale

v {pouring rale)
dansity, partial salety facior

e fresh concrate dansity

FHID spacific weaight of watear

dn lateral fresh concrale pressura

Ora characteristic value of lateral fresh
concrele pressure
Parpendicular component of fresh-

T nop concrate pressure acting on the
farmmanark
Parpendicular componeant of concrate

o i oo waight acling an the formwork

L concrate weight

o W Lplift
Parpandicular component of uplift

o i acling on the inclined formwork
Resulting perpendicular companant

- of fresh-concrele pressure acling on
the inclined formwork

oW hydraulic pressura

P concrele pressura

o concrate weaighl

s concrate wplift

e resulling concrele prassura




The concrete pressure equation was adopted from ACI 347-14.

Extract from (ACI 347-14 page 7):
Data Extract from client- trial mix design

Concrete parameters:

Temperature = .... °C

= unit weight coefficient per Table 4.2.2.1a(c)
= chemistry coefficient per Table 4.2.2.1a(b)
height of placement

of Placement

Extract from (ACI 347-14 page §8):

E3

7
F %

A Hydrostatic pressure transient

B Pressure transient to the theory of soil seting

C  Pressure transient according to the theory of soil mechanics with setfing h
D Pressure transient vith allowance for silo effect
E  Freshconcrete

F Setconcrete (hard concrete)

G fe...endofseting R = Rate

H  ha... startof setting
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