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Concrete Type

Concrete Grade: C28/35
Aggregate Type: Limestone
Cement Type: Class N

Concrete Properties @ 28 days
Characteristic Compressive Cylinder Strength f, = 28N/mm?

Mean Compressive Strength f,,, = f, + 8N/mm? = 28N/mm? + 8N/mm? = 36N/mm?
Mean Tensile Strength fctm

if concrete grade < C50/60: f.., = 0.3f,*°

if concrete grade = C50/60: f, = 2.12In(1+0.1f,,)

in this instance concrete grade is < C50/60 therefore:
fum = 0.3, = 0.3%(28N/mm?)** = 2.766N/mm?

Mean Modulus of Elasticity E.,, = 22(0.1f,,)0.3 = 22(0.1*36N/mm?)°* = 32.3GPa
Een = 32308N/mm?

However the Mean Modulus of Elasticity shown above doesn't include the reduction for the
per BS EN1992-1-1 Section 3.1.3(2).

E.. = 0.9 * 32308N/mm?® = 29077N/mm? BS EN1992-1-1 Table 3.1

type of aggregate. In this instance we're using limestone and as such a reduction of 10% as

\*4

Concrete Properties @ t days
Number of days in which to assess the concrete properties t = 20 days

s factor for the cement type of the concrete s = 0.25 (class N)

Class R =0.2
Class N =0.25
Class S =0.38
BS EN1992-1-1 3.1.2(6)
28

Reduction Factor for Concrete Strength: ec(f) = exp[s(1 — T)]
BS EN1992-1-1 Eq 3.2 22

Bee(t) = exp[0.25(1 — %)] = 0.955

Mean Compressive Strength f,.(t) = Be(t) * f.n, = 0.955 * 36N/mm2 = 34.4N/mm?
BS EN1992-1-1 Eq 3.1

Characteristic Cylinder Strength f () = f..(t) - 8N/mm? = 34.4N/mm? - 8N/mm? = 26.4N/mm?
BS EN1992-1-1 3.1.2(5)

Mean Tensile Strength f,.(t) = Be(t) * fum= 0.955 * 2.766N/mm?* = 2.642N/mm?

BS EN1992-1-1 Eq 3.4 where a = 1 because t < 28days
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Characteristic Compressive Cylinder Strength fck = 28N/mm2

Mean Compressive Strength fcm = fck + 8N/mm2 = 28N/mm2 + 8N/mm2 = 36N/mm2

Mean Tensile Strength fctm
if concrete grade ≤ C50/60: fctm = 0.3fck2/3
if concrete grade ≥ C50/60: fctm = 2.12ln(1+0.1fcm)

in this instance concrete grade is ≤ C50/60 therefore:
fctm = 0.3fck2/3 = 0.3*(28N/mm2)2/3 = 2.766N/mm2

Mean Modulus of Elasticity Ecm = 22(0.1fcm)0.3 = 22(0.1*36N/mm2)0.3 =  32.3GPa
Ecm = 32308N/mm2

However the Mean Modulus of Elasticity shown above doesn't include the reduction for the type of aggregate. In this instance we're using limestone and as such a reduction of 10% as per BS EN1992-1-1 Section 3.1.3(2).

Ecm = 0.9 * 32308N/mm2 = 29077N/mm2
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s factor for the cement type of the concrete s = 0.25 (class N)
Class R = 0.2
Class N = 0.25
Class S = 0.38
BS EN1992-1-1 3.1.2(6)

Reduction Factor for Concrete Strength:
BS EN1992-1-1 Eq 3.2

adaml
Text Box
Mean Compressive Strength fcm(t) = βcc(t) * fcm = 0.955 * 36N/mm2 = 34.4N/mm2
BS EN1992-1-1 Eq 3.1

Characteristic Cylinder Strength fck(t) = fcm(t) - 8N/mm2 = 34.4N/mm2 - 8N/mm2 = 26.4N/mm2
BS EN1992-1-1 3.1.2(5) 

Mean Tensile Strength fctm(t) = βcc(t) * fctm = 0.955 * 2.766N/mm2 = 2.642N/mm2
BS EN1992-1-1 Eq 3.4 where α = 1 because t < 28days
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Concrete Properties @ t days (Continued)

Mean Modulus of Elasticity E..(t) = (fon(t) / fon )°° * Ecn(t)
E.(t) = (34.4N/mm? / 36N/mm?)*® * 29077N/mm?
E..(t) = 28683N/mm?

BS EN1992-1-1 Eqg 3.5

Shrinkage and Creep Inputs

Cross Sectional Area of the Concrete Element

Assume we're designing a concrete ground beam:
width = 600mm

depth = 450mm

Cross Sectional Area A, = 600mm * 450mm = 1050mm?

Perimeter of the concrete element in contact with the atmosphere for drying. In this instanc
assume just the top face is in contact.

u =600mm

Age of the concrete under consideration t = 20days (same as before)

Age of concrete at beginning of drying shrinkage (i.e. curing time) t, = 3 days

Age when concrete is first loaded t, = 18days

Ambient Relative Humidity RH = 50% (UK winter)

Ambient Temperature T = 10°C (celsius - UK winter)

D

Input Parameter Matri_x - (i.e. what _ Drying Autogenous a
parameters are used in what calculations) Shrinkage Shrinkage reep
Cross Sectional Area of the Concrete YES NO YES
Element A,

Perimeter of the concrete element in

contact with the atmosphere for drying u YES NO YES
Age of the concrete under consideration t YES YES YES
Age of concrete at beginning of drying

shrinkage (i.e. curing time) t, Ires NP NO
Age when concrete is first loaded t, NO NO YES
Ambient Relative Humidity RH YES NO YES

Ambient Temperature T NO NO YES
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Mean Modulus of Elasticity Ecm(t) = (fcm(t) / fcm )0.3 * Ecm(t)
                                            Ecm(t) = (34.4N/mm2 / 36N/mm2)0.3 * 29077N/mm2
                                            Ecm(t) = 28683N/mm2
BS EN1992-1-1 Eq 3.5
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Assume we're designing a concrete ground beam:
width = 600mm
depth = 450mm
Cross Sectional Area Ac = 600mm * 450mm = 1050mm2

Perimeter of the concrete element in contact with the atmosphere for drying. In this instance assume just the top face is in contact.
u = 600mm

Age of the concrete under consideration t = 20days (same as before)

Age of concrete at beginning of drying shrinkage (i.e. curing time) ts = 3 days

Age when concrete is first loaded t0 = 18days

Ambient Relative Humidity RH = 50% (UK winter)

Ambient Temperature T = 10OC (celsius - UK winter) 

adaml
Line

adaml
Text Box
Input Parameter Matrix - (i.e. what parameters are used in what calculations)

adaml
Text Box
Cross Sectional Area of the Concrete Element Ac 

Perimeter of the concrete element in contact with the atmosphere for drying u

Age of the concrete under consideration t 

Age of concrete at beginning of drying shrinkage (i.e. curing time) ts 

Age when concrete is first loaded t0 

Ambient Relative Humidity RH 

Ambient Temperature T
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Drying Shrinkage

Factor for Relative Humidity 3p,, = 1.55[1 — ( ilid )]
BS EN1992-1-1 Eq B.12 100%
90% 5
Brr = 1.55[1 — (100%) ] =1.356

Factor for Type of Cement o, = 4
Cement Class S --> 0,4 = 3
Cement Class N --> o, = 4
Cement Class R--> a,, =6

BS EN1992-1-1 B.2

Factor for Type of Cement a,,, = 0.12
Cement Class S --> a, = 0.13
Cement Class N --> a,,, = 0.12
Cement Class R --> a.,, = 0.11

BS EN1992-1-1 B.2

f,
Basic Drying Shrinkage Strain €cq0 = 0.85[(220 + 11004¢1) * exp(—asdgif—m)] %+ 107% % Bay
where f,.,, = 10N/mm? cmo
BS EN1992-1-1 Eq B.11

36N/ mm?
10N/ mm?2

Notional Size of Cross Section h, = 2A./u = (2 * 1050mm?) / (600mm) = 3.5
BS EN1992-1-1 Eq B.10 (notes)

€cd,0 = 0.85[(220 + 110 + 4) + exp(—0.12 )]+ 107° % 1.356 = 0.000494

k., Factor using Table 3.3

Table 3.3 h, is less than 100 therefore
100 1.00 (intermediate values can be
200 0.85 found by interpolation i.e. if h,
300 0.75 = 150 then k, = 0.925)
>500 0.70
! . (t - ZL.s:)
Drying Shrinkage Factor SBas(t, ts) =
BS EN1992-1-1 Eq 3.10 (t—t;) +0.04,/h2
(20 — 3)

= 0.985

fas(t, ) = (20 — 3) + 0.04/3.5
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Factor for Type of Cement αsd1 = 4
Cement Class S --> αsd1 = 3
Cement Class N --> αsd1 = 4
Cement Class R --> αsd1 = 6
BS EN1992-1-1 B.2

Factor for Type of Cement αsd2 = 0.12
Cement Class S --> αsd2 = 0.13
Cement Class N --> αsd2 = 0.12
Cement Class R --> αsd2 = 0.11
BS EN1992-1-1 B.2

Basic Drying Shrinkage Strain
where fcmo = 10N/mm2
BS EN1992-1-1 Eq B.11



Notional Size of Cross Section h0 = 2Ac / u = (2 * 1050mm2) / (600mm) = 3.5
BS EN1992-1-1 Eq B.10 (notes)

kh Factor using Table 3.3
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Drying Shrinkage (Continued)
Drying Shrinkage Strain at Time t  ecy(t) = Bas(t, ts) * Kn * €ca0
BS EN1992-1-1 Eq 3.9 ecq(t) = 0.985 % 1.0 % 0.000494 = 0.000487
Drying Shrinkage Strain at Infinite time  ¢.4(00) = Kp, * €cd0
BS EN1992-1-1Eq 3.9 ccg(c0) = 1.0 x 0.000494 = 0.000494
Autogenous Shrinkage
Autogenous Shrinkage Factor  Bas(t) = 1 — exp(—0.21%)
BS EN1992-1-1 Eq 3.13 /833(” -1 _ eXp(—02 | 200.5) - 0.591

Autogenous Shrinkage Strain at Infinite Time
BS EN1992-1-1 Eq 3.12 €ca(00) = 2.5(f — 10) x 10°°
€ca(o0) = 2.5(28N/mm? — 10) » 107° = 0.000045

Autogenous Shrinkage Strain at Time t
u g u | g | | Eca(t) — Eca(OO) * Bas(t)

BS EN1992-1-1 Eq 3.11
€ca(t) = 0.000045 = 0.591 = 0.0000266

Creep

4000
Temperature Adjusted Concrete Age 0.7 = lo * eXP(—[m —13.69))
BS EN1992-1-1 Eq B.10 4000

foT =18 * exp(—
o7 =18+ exp(- 5 Hooc

— 13.65]) = 11.091

Power Depending on Type of Cementa =0
Cement Class S --> a = -1

CementClass N-->a =0

CementClass R-->a =1

BS EN1992-1-1 Eq B.9 notes

9
Modified Age of Loading @ = tO’T(W +1)*>0.5
BS EN1992-1-1 Eq B.9 ThT o
= 11.091 11° > 0.5=11.091 < 0.5 = 11.091
fo = 11.091[5——=g77z + 11”2 0.5=11.091 < 0.5 = 11.09

Factor for Concrete Strength a, =[35/f,.]°" = [35 / 36N/mm?]*’ = 0.980
Factor for Concrete Strength a, = [35 / f.]°* = [35 / 36N/mm?]** = 0.994
Factor for Concrete Strength a; =[35 / f..]°° = [35 / 36N/mm?]*® = 0.986
BS EN1992-1-1 Eq B.8c
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BS EN1992-1-1 Eq B.10
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Power Depending on Type of Cement α = 0
Cement Class S --> α = -1 
Cement Class N --> α = 0
Cement Class R --> α = 1 
BS EN1992-1-1 Eq B.9 notes
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Factor for Concrete Strength α2 = [35 / fcm]0.2 = [35 / 36N/mm2]0.2 = 0.994
Factor for Concrete Strength α3 = [35 / fcm]0.5 = [35 / 36N/mm2]0.5 = 0.986
BS EN1992-1-1 Eq B.8c

adaml
Text Box
Drying Shrinkage (Continued)

adaml
Image

adaml
Image

adaml
Image


Design Spreadsheet: Concrete Properties Design v1.0.xIsm Date: Sept 2021

Subtitle: Worked Example 1 By: AL
Version: 1
Creep (Continued)
Coefficient for Humidity and Notional Size
BS EN1992-1-1 Eq B.8a & B.8b
By = 1.5[1 + (0.012RH)®]hy + 250 < 1500 for f.m < 35N/ mm?
Br=1.5[1+ (O.O12F|’H)18]ho + 2503 < 1500a3 for fp, > 35N/mm2
f.. = 36N/mm? therefore use second equation B.9b
By =1.5[1 + (0.012 * 50)8]3.5 + 250 % 0.986 < 1500 x 0.986
By =251.75< 1479 =251.75
Coefficient for the Development of Creep  3(t, fy) = [ (t— ) 193
BS EN1992-1-1 Eq B.7 (Bu+t— 1)
(t, is the non adjusted age of loading) (20 — 18)
- 0.3
Pe(t, ) [(251 75+20 — 18)] p-23
Coefficient for the Age of Concrete when First Loaded 1
BS EN1992-1-1 Eq B.5 B(to) = 0.1+ 09
(t, is the adjusted age of loading) ' _i’
B(to) = =0.582

~0.1+11.09102

Coefficient for the Effect of Concrete Strength
BS EN1992-1-1 Eq B.4 16.8 16.8

Pienl = Vim /36N mm2 5

Coefficient for Relative Humidity
BS EN1992-1-1 Eq B.3a & B.3b

1 — RH/100
0.17ho

1 — RH/100
0.1ho

f.. = 36N/mm? therefore use second equation B.3b

1 50/100
=1+ x0.980] % 0.994 = 4.202
oan =1+ == Y35 ]

¢pu =1+ for f,, < 35N/mm?

Oy =[1+ aq]an for fom, > 35N/mm‘2
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BS EN1992-1-1 Eq B.7
(t0 is the non adjusted age of loading)
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BS EN1992-1-1 Eq B.5
(t0 is the adjusted age of loading)
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BS EN1992-1-1 Eq B.4
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Creep (Continued)

Noti |C Coefficient
BSEN1092 11 Eqpe  P0 = 0nn * B(fom) x B(t0)
0o = 4.202 x« 2.8 x 0.582 = 6.848

Creep Coefficient at time t t ty) = t
BS EN1992-1-1 Eq B.1 ot fo) = G0 * fe(l, b)
(1, 1) = 6.848 % 0.234 = 1.602

Creep Coefficient at infinite time ¢(00, fy) = ¢o = 6.848

Non-Linear Creep

If the applied compressive stress applied to the concrete at time t, is greater than 0.45f(t,)
then non-linear creep will occur. This following checks to see whether this is the case or not
for a test case of applied compressive stress equal to 15N/mm?

Applied Compressive Stress at time =t, = 18days
g. = 15N/mm?

Find Characteristic compressive cylinder strength at t,

28
Beolto) = expls(1 — [ )]
0 - BS EN1992-1-1
= 22V = Eq 3.2
Bec(tp) = exp[0.25(1 18)] =0.94 Eq 3.1
Table 3.1

fak (o) = (Fom * Bec(to)) — 8N/ mm?
foc(fo) = (36N/mm? « 0.94) — 8N/ mm? = 25.84N/mm?
Is . > 0.45 * f(t,)

15N/mm? > 0.45 * 25.84N/mm? BS EN1992-1-1

15N/mm? > 11.628N/mm? Section 3.1.4(4)
YES therefore non-linear creep does occur

i 15N/ mm?

k, factor for non-linear creep k. = Oc / — 0580

BS EN1992-1-1 Section 3.1.4(4) T fe(fo) = 25.84N/mm2

ElgnELhilri(;ngirieEgge?ﬁicient at Infinite Time (00, o) = B0, to)exp(1.5(k, — 0.45))
dm(o0, b) = 6.848 x exp(1.5(0.580 — 0.45)) = 8.322
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If the applied compressive stress applied to the concrete at time t0 is greater than 0.45fck(t0) then non-linear creep will occur. This following checks to see whether this is the case or not for a test case of applied compressive stress equal to 15N/mm2 

Applied Compressive Stress at time = t0 = 18days 
σc = 15N/mm2
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Is σc > 0.45 * fck(t0)
    15N/mm2 > 0.45 * 25.84N/mm2
    15N/mm2 > 11.628N/mm2
YES therefore non-linear creep does occur 
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Non-Linear Creep (Continued)

Non Linear Creep Coefficient at Time t

BS EN1992-1-1 Eq 3.7

oni(t, fo) = (t, lo)exp(1.5(k; — 0.45))

oni(t, o) = 1.602 = exp(1.5(0.580 — 0.45)) = 1.947

Early Age Thermal Cracking (CIRIA C660)

Aggregate Type = Limestone (from before)

Coefficient of Thermal Expansion a, = 0.009¢/°C

CIRIA C660 Table 4.4 (see below)

Thermal Expansion Coefficient (Browne, 1972)
Thermal
Expansion
Coefficient
Coarse Aggregate Group (Design
Value)
g/°C
Chert or Flint 0.012
Quartzite 0.014
Sandstone 0.0125
Marble 0.007
Siliceous Limestone 0.0105
Granite 0.010
Dolerite 0.0095
Basalt 0.010
Limestone 0.009
Glacial Gravel 0.013
Lytag (Course and Fine) 0.007
Lytag Coarse and Natural Aggregate Fines 0.009
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Binder Content

Concrete Grade C28/35

Assume we'll use 50% GGBS (ground granulated blast furnace slag).
From the table below our binder content is between 310kg/m?® and 355kg/m?®

The higher the binder content the higher the internal curing temperature of the concrete

and hence the more thermal cracking that will occur.

To be conservative use the value 355kg/m®
CIRIA C660 - Table 4.2 - Cement Contents for Different Strength Classes

Binder Content {(kg/m’)
= )
® e < < < g n n n n
Strength & - E> < < < O 0 0 0 0
(3] o = = = 3 U] U] U] U]
Class g | 2 X |2 = = & ®© © @ @
= < o o o o
7] Q ol 2 o 5 N a o o
° 0 o =) ) 2 2 3 = ]
2 ‘;- o < n a
S )
C20/25 275 | 275 | 295 | 300 | 315 | 330 | 275 | 285 | 300 | 325 | 345
C25/30 300 | 300 | 320 | 325 | 340 | 360 | 300 | 310 | 330 | 355 | 385
C30/37 340 | 340 | 360 | 365 | 380 | 400 | 340 | 355 | 375 | 410 | 450
C35/45 380 | 380 | 405 | 410 | 430 | 450 | 380 | 395 | 430 | 480 | 540
C40/50 410 | 410 | 440 | 445 | 465 | 485 | 410 | 430 | 470 | 530 A
C45/55 440 | 440 | 470 | 475 | 500 | 525 | 440 | 465 | 515 A A
C50/60 475 | 475 | 505 | 515 | 535 475 | 505 A A A

Values here should not be used for concrete specification purposes. It's only to be

used for calculation of thermal cracking

Note: The shaded values are those which may be necessary without the use of

admixtures. However, it is
common practice to use water-reducing admixtures for the higher strength classes
to enable a reduction
in cement content. Values greater than 550 kg/m? have not been included as they
would not normally be

permitted.
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Binder Content
Concrete Grade C28/35
Assume we'll use 50% GGBS (ground granulated blast furnace slag). 
From the table below our binder content is between 310kg/m3 and 355kg/m3
The higher the binder content the higher the internal curing temperature of the concrete and hence the more thermal cracking that will occur. 

To be conservative use the value 355kg/m3
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25.5°C

N
o

Version: 1
Formwork = plywood
Thickness of Section h = 450mm (from before)
Binder content = 355kg/m?®
60 [ | | | |
50% ggbs - Plywood formwork / 500
| |
|
| . 460
2 G
Q. |
o ——_— 300
a > —— 260
2 30 Z =
= —— 220
©
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Thickness (mm)

Figure 4.6 from CIRIA C660

From Chart Above Temperature Drop

T, =25.5°C

(This is the difference between the peak temperature of the
concrete during hydration (curing) and the ambient
surrounding temperature)
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T1 = 25.5OC

(This is the difference between the peak temperature of the concrete during hydration (curing) and the ambient surrounding temperature)
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Long Term Fall in Temperature
T,=10°C
(assuming we're casting in UK winter)

Coefficient for Creep
K; = 0.65 (use typical value)

Restraint Factor During Early Thermal Cycle
R, = 0.5 (use typical value)

Restraint Factor For Long Term Thermal Movement
R, = 0.5 (use typical value)

Restraint Factor For Drying Shrinkage
R; = 0.5 (use typical value)

Short Term Thermal Cracking

Autogenous Strain at 3 days
BS EN1992-1-1 Eq 3.11, 3.12, 3.13

€ca(3) = [1 — exp(—0.2 x v/3)] x [2.5(28N/mm? — 10)10~%] = 0.0000132
Early Age Restrained Strain

CIRIA C660 Section 3.2.1
€r = m R’1 (Oﬁc T‘] + Eca(s))

e, = 0.65 x 0.5(0.009 % 25.5 + 0.0000132) = 0.0746

Tensile Strength at 3 Days
BS EN1992-1-1 Eq 3.4

fctm(3) = 500(3) * fetm
fom(3) = exp(0.25[1 — \/%]) % 2.766N/mm? = 1.655N/mm?

Mean Modulus of Elasticity at 3 Days
BS EN1992-1-1 Eq 3.5

Ecm(3) = (%)0'3 * Ecm
E,m(3) = (2;'6‘:’://\/ r; r;;"z 13 4 29077N /mm? = 24925N / mm?

Tensile Strain Capacity
CIRIA C660 Eq 4.7

o = 1.01 Eom(3) x10-6 i 24925N /mm? x 10—

+8.4 = 75.466¢

€ = 0.0755
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Long Term Fall in Temperature 
T2 = 10OC
(assuming we're casting in UK winter)
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Coefficient for Creep 
K1 = 0.65 (use typical value)

Restraint Factor During Early Thermal Cycle 
R1 = 0.5 (use typical value)

Restraint Factor For Long Term Thermal Movement 
R2 = 0.5 (use typical value)

Restraint Factor For Drying Shrinkage 
R3 = 0.5 (use typical value)
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BS EN1992-1-1 Eq 3.11, 3.12, 3.13 
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CIRIA C660 Section 3.2.1
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Tensile Strength at 3 Days
BS EN1992-1-1 Eq 3.4
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BS EN1992-1-1 Eq 3.5
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Tensile Strain Capacity
CIRIA C660 Eq 4.7
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Short Term Thermal Cracking (Continued)

Is the restrained strain less than the tensile strain capacity?

sr < £ectu
0.0746 < 0.0755 --> YES therefore no short term thermal cracking occurs

Long Term Thermal Cracking

Autogenous Strain at 28 days
BS EN1992-1-1 Eq 3.11, 3.12, 3.13

€ca(28) = [1—exp(—0.2+1/(28))]+[2.5(28N/mm?—10)10~] = 0.0000294

Drying Shrinkage at infinite time (calculated previously)
ced(00) = 1.0 x 0.000494 = 0.000494

Long Term Restrained Strain
CIRIA C660 Eq 3.2

€r = K1 ([Ozc T1 + 603]R1 + Q¢ T2R2 + Ecdﬁg])

er = 0.65([0.009 x 25.5 + 0.0000294]0.5 + 0.009 * 10 * 0.5 + 0.000494 =« 0.5]) = 0.104

Tensile Strain Capacity

CIRIA C660 Eq 4.7

(values of f.,, and E., at 28 days calculated previously)
fotm(28) 2.766N/mm?

+8.4=1.01

Eom(28) x 10 39077N/mme » 10-6 * &4 = 104.5p¢

ectu = 1 01

€ = 0.105
Is the restrained strain less than the tensile strain capacity?

8I’ < eectu
0.104 < 0.105 --> YES therefore no long term thermal cracking occurs

if thermal cracking did occur you'd use the following equation to find the thermal
strain contributing to cracking (CIRIA C660 Eq 3.5)

fcr = fr - O.5fcfu
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Is the restrained strain less than the tensile strain capacity?
εr < εectu
0.0746 < 0.0755 --> YES therefore no short term thermal cracking occurs
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BS EN1992-1-1 Eq 3.11, 3.12, 3.13 

adaml
Image

adaml
Text Box
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Tensile Strain Capacity
CIRIA C660 Eq 4.7
(values of fctm and Ecm at 28 days calculated previously)
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Is the restrained strain less than the tensile strain capacity?
εr < εectu
0.104 < 0.105 --> YES therefore no long term thermal cracking occurs


if thermal cracking did occur you'd use the following equation to find the thermal strain contributing to cracking (CIRIA C660 Eq 3.5)
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Project N/A Concrete Properties BS EN 1992-1-1
Client N/A Made by | Date Job No
. .. IWorked Example 1 AL 6-9-21 N/A
Description —
Checked Revision
N/A 1
1.0 - CONCRETE PROPERTIES @ 28 DAYS (BS EN1992-1-1 TABLE 3.1) B.. Factor
Concrete Grade| €28/35 1
Aggregate Type|Limestone 0.9 :
Cement Type| Class N :
Characteristic Cylinder Strength 0.8 3
2 28 :
(N/mm°) o, 0.7 1
Mean Compressive Strength (N/mm?) f., 36 fm = fy + 8N/mm’
= 0.6 .
f . = 0.3, 2 < C50/60 S :
Mean Tensile Strength (N/mm?) f.,| 2.766 | > / k7] :
fum = 2.12In(140.1f,,) > C50/60 | & 0.5 :
E,., = 22(0.1f..)%> & reduce for o :
Mean Modulus of Elasticity (N/mm?) E.,| 29077 | " o 0.4 :
ean Modulus of Elasticity (N/mm’) Ecr aggregate type as needed (3.1.3) 3
0.3 :
2.0 - CONCRETE PROPERTIES @ t DAYS (t < 28days) 0.2 '
Include Concrete Properties Calculations?| INCLUDE
Number of Days t 20 Only used for section 2.0 0.1 T
s factor for cement type] 0.25 |BS EN1992-1-13.1.2(6) 0 !
Bot)] 0.955 |B.(t)=exp(s[1-(28/t)*°]) Eq-3.2 0 5 10 15 20 25
Mean Compressive Strength (N/mm?) fon®)] 3439 [fon(t) = Beclt) * fom Eq-3.1 Number of Days
Characteristic Cylinder Strength (N/mm?
v gth N'mm) e 39 6. qt)=f. (1) - 8N/mm®  3.1.2(5)
fudt)
Mean Tensile Strength (N/mm?) fam(®)]  2.642  |fem(t) = Beclt) * feem Eq-3.4
Mean Modulus of Elasticity (N/mm2) Eqn(t)] 28681 |Ecn(t) = (Fun(t)/fem)”**Ecm Eq - 3.5
Shrinkage Coefficients B, & B,
3.0 - SHRINKAGE & CREEP INPUTS 1.000 e  OIAET e
Include Shrinkage & Creep Calculations?| INCLUDE 0.900 }
Cross Sectional Area of the Concrete 1050 |for drying shrinkage & ' H
or drying shrinkage & cree . :
Element (mm?) Al ] 2 & 0.800 1 :
PEr fth ion E 0.700 ! i
erimetre of the Cross Section .xposed to 600 | e e :
Drying (mm) u 0.600 Ferese 4 0 T O O I
Age of Concrete Under Consideration (days 2 3 .
& ! fon (day i 20 for shrinkage & creep calculations S 0.500 3 :
.G : :
Age of Concrete at beginning of dryin & 0.400 : :
g. 8 & . YL 3 for drying shrinkage calculations 3 :
shrinkage (normally at end of curing) t S 0300 H :
Age of Concrete when First Loaded tg 18 for creep calculations 0.200 4 .
Ambient Relative Humidity % RH| 50% |for creep & drying shrinkage ' :
Ambient Temperature (°C) T| 10.00 |for creep calculations  (celsius) 0.100 :
0.000 :
3.1 - DRYING SHRINKAGE 0 5 10 15 20 25
. - Drying Shrinkage
Factor for Relative Humidit = o %)3 N f D.
ive Humidity Bgy| 1.356 |Bgy = 1.55[1-(RH/100%)°] Eq B.12 Autogenous Shrinkage umber of Days
Factor for Type of Cement 0y 4 BS EN1992-1-1 AppendixB || ...... Curing Time
Factor for Type of Cement a. : - i
yp si2] 0.12  |BS EN1992-1-1 Appendix B : Shrinkage Strain
€cd,0 = 0.85[(220+11004g —ageo— 6.00E-04
Basic Drying Shrinkage Strain €4 o| 4.94E-04 2’0 e
’ 10" *Brr (f.no = 10MPa) Eq - B.11
Notional Size of the Cross Section (mm) hg 350 [hg=2A./u Eq-3.10 5.00E-04
ki, Factor 1 Table 3.3 !
_ -8 4.00E-04 :
Drying Shrinkage Factor By(t,t;)] 0.985 ol 1) = = $
A (t—t)+ 0-04\1;"’:31 Eq-3.10 'g :
Drying Shrinkage Strain at Time t €.4(t)] 4.86E-04 |e.4(t) = Bys(t,ts) * ky * €40 EQ-3.9 ﬁ 3.00E-04 :
Drying Shrinkage Strain, Infinite Time g.4(=2)| 4.94E-04 |e.4(>°) =k * €c40 314 & :
=< . 3
£ 2.00€-04 : !
3.2 - AUTOGENOUS SHRINKAGE & :
Autogenous Shrinkage Factor B,,(t)] 0.591 |B..(t)=1-exp(-0.2t>*) Eq-3.13 1.00E-04 b :
Autogenous Shrinkage Strain at Time t €.,(t)] 2.66E-05 Je ,(t) = Bas(t) * €ca(=°) Eq-3.11 J :
Autogenous Shrinkage at Infinite Time g.(0)| 4.50E-05 [e.,(o0) = 2.5(f,, - 10)10° Eq-3.12 0.00E+00 i ot B[N B
0 10 20

3.3 - TOTAL SHRINKAGE (DRYING + AUTOGENOUS)

Total Shrinkage

Total Shrinkage at time t €(t)

5.13E-04

Ecs(t) = Ecd(t) + Eca(t) Eq -3.8

Total Shrinkage at Infinite time g.,(=°)

5.39E-04

8cs(‘x') = Ecd(‘x') + Eca(°<’) EC] -3.8

Drying Shrinkage
Autogenous Shrinkage
Curing Time

Number of Days




4.0 - CREEP $(t,t,) - Creep Factor
Temperature Adjusted Concrete Age tqy o to1 = to * exp{-[(4000/(273+T))- 2.50 T
(T = ambient temperature, t = time in days) ’ 13.65]} Eq-B.10
Power Depending on Cement Type o 0 BS EN1992-1-1 Appendix B
9 2.00 +
Modified Age of Loading t,] 11.091 |bo=tor(z—5% +1)* > 0.5 :
g &t 2+4% Eq-B.9 !
Factor for Concrete Strength ay|  0.980 |a, = [35/f.,]°” Eq-B8c |  |JlLdededobobbalidededadobbl 3
Factor for Concrete Strength a,| 0.994 |a, = [35/f.,]°2 Eq-BSc | 5 1.50 i
Factor for Concrete Strength az| 0.986 |o;= [_’%S/fcm]o‘5 Eq-B.8c E
f.m < 35N/mm?2: ) :
5 = 1.5[1 + (0.012RH)'8)h, + 250 < 1500 | & 1-00 !
Coefficient for Humidity & Notional Size By| 251.75 |f, >35N/mm?: © 3
31 = 1.5[1 + (0.012RH) 8] hy + 25003 < 150004
Eq - B.8a %jB.Sb 0.50
Belt,to) = [ (t-to) / (B +t - to)] p
Coefficient for Development of Creep B (t,to)] 0.234 |where t; is the non modfied age of
loading (user input) Eq-B.7 0.00
to) =1/ (0.1 +t, "
Coefficient for Effect of Concrete Age at Blto) / ( 0 ,). 0 5 10 s 20 25
Lsee g ) 0.582 |where t, is the modified age of | ...... Age When First Loaded Number of Days
loading Eq-B.5
Coefficient for Effect of Concrete Strength
B 2800 |B(fn)=16.8/V[fm]  Eq-B.4
B(fem)
f.m < 35N/mm?:
1— RH/100
DRH = 1+ 73/?]_
Coefficient for Effect of Relative Humidity, 0.1vho
4.205 [f.m >35N/mm2:
Dru s = [+ 1 BHA00
opH = |1+ Wrn %)
Eq-B.3a &B.3b &,,(t,t,) - Non-Linear Creep Factor
Notional Creep Coefficient ¢g] 6.853 |dg = by * B(fem) * B(ty) Eq-B.2 3.0
Creep Coefficient at Time t p(t,tp)] 1.603 |b(t,to) = dg * Be(t,to) Eq-B.1 3.00
Creep Coefficient at Infinite Time d(e=,t;)] 6.853 |d(eo,t,) = by '
4.1 - NON LINEAR CREEP 2.50
Include Checks for Non-Linear Creep] INCLUDE
Applied Compressive Stress at to: o, (N/mm?) 15 5 200
Beclto)]  0.940 [Belto) = exp(s[1-(28/t,)™"])) Eq - 3.2| &
— 1.50
Characteristic Compressive Cylinder Strength 55 842 fulto) = (Bee * fem) - 8MPa K
. 5.84 =
attime ty fu(to) (N/mm?) Eq-3.1 & Table3.1 -e-E 1.00
0.45f(to)] 11.629 |BS EN1992-1-1 Section 3.1.4(4)
Is 0. > 0.45f,(to))]  YES  |Account for Creep Non-Linearity 0.50
Stress Strength Ratio k,|] 0.580 |k, = 0./ f.(to) 3.1.4(4)
Non Linear Creep Coefficient at Infinite Time| y b0, ty) = P(oo,tp) * 0.00
Pnl==to)] exp(1.5(k,- 0.45)) Eq3.7 0 5 10 15 20 25
Non Linear Creep Coefficient at Time t 949 $niltto) = dltto) * —Creep Factor (Linear) Number of Days
Pt to) 1.949 | exp(1.5(k, - 0.45)) Eq3.7 Creep Factor (Non-Linear)
5.0 - EARLY AGE THERMAL CRACKING (CIRIA C660 - EARLY-AGE THERMAL CRACK CONTROL)
Include Early Age Thermal Cracking? INCLUDE
Aggregate Type (for Calculation of a,) Limestone Determines the Coefficient of Thermal Expansion
Coefficient of Thermal Expansion (/°C) o 0.009 | CIRIA C660 - Table 4.4 - Originally from Browne 1972
Binder Content (kg/m°) 355 CIRIA C660 - Table 4.2 (used to find T, using Figures 4.5, 4.6, 4.7)
Thickness of Section (mm) h 450 Used with Figures 4.5, 4.6 & 4.7 in CIRIA C660 to find T,
Type of Formwork Plywood Used with Figures 4.5, 4.6 & 4.7 in CIRIA C660 to find T,
CIRIA C660 - Figures 4.5, 4.6, 4.7
Temperature Drop (°C) T, 255 This is the dlf.ference b(.etween .the peak temper?ture of the .
concrete during hydration (curing) and the ambient surrounding
temperature.
The long term fall in temperature which takes into account the time
of year at which the concrete was cast.
Long Term Fall In Temperature (°C) T, 10 Cast in UK Summer --> 20°C (typical Value)
Cast in UK Winter ---> 10°C (typical Value)
CIRIA C660 Section 3.2.1,3.6.1 & 4.3
Coefficient for Creep K; 0.65 Typical Value is 0.65, CIRIA C660 Section 4.9.1
Restraint Factor During Early Thermal Cycle . . .
R 0.5 Typical Value is 0.5, CIRIA C660 Section 4.7
il
Restraint Factor For Long Term Thermal . . .
0.5 Typical Value is 0.5, CIRIA C660 Section 4.7
Movement R,
Restraint Factor For Drying Shrinkage R 0.5 Typical Value is 0.5, CIRIA C660 Section 4.7




5.1 - SHORT TERM THERMAL CRACKING

Autogenous Shrinkage Strain at 3 days €,(3) 0.000013 BS EN1992-1-1 Eq 3.11 (Also see section 3.2 on this design sheet)
Early Age Restrained Strain €, 0.074592 g =Ky * Ry * (a Ty + €,(3)) CIRIA C660 - Section 3.2.1
Mean Tensile Strength at 3 days (N/mm?) 1.655 £ () = Bolt) * Fuur BS EN1992-1-1 Eq - 3.4
fetm(3)
Mean Modulus of Elasticity at 3 days Y . _ 034

(N/mm?) E..(3) em(t) = (Fem(t)/fem) " *Ecm BS EN1992-1-1 Eq - 3.5
Tensile Strain Capacity €, 0.075461 Ee = 1.01( fon(3) / Ecm(3)*107°) + 0.0084 CIRIA C660 - Eq 4.7

Does Thermal Cracking Occur? NO Is € > €, ? (Does restrained strain exceed tensile strain capacity)

Early Age Crack Inducing Strain € N/A €, =€ - 0.5y, CIRIA C660 Eq 3.5

5.2 - LONG TERM THERMAL CR

ACKING

Autogenous Shrinkage Strain at 28 days|

£.(28) 0.0000294 BS EN1992-1-1 Eq 3.11 (Also see section 3.2 on this design sheet)
ca
Drying Shrinkage at Infinite Time g.4(=) 0.0004940 Calculated Previously on this design sheet
Long Term Restrained Strain g, 0.104008 € = Ki{[a Ty + €,(28)IR; + o ToR; + €4(°)R3} CIRIA C660 Eq 3.2
. 2
DTS O ST 2 CE (N/m:cn ) 2.766 Calculated Previously on this design spreadsheet
ctm|
Mean Modulus of Elasticity at 28 days . . .
3 29077 Calculated Previously on this design spreadsheet
(N/mm?) Ep,
Tensile Strain Capacity €., 0.104486 €y = 1.01( f(28) / Ecm(28)*10’6) +0.0084 CIRIA C660 - Eq 4.7
Does Thermal Cracking Occur? NO Is €, > €., ? (Does restrained strain exceed tensile strain capacity)
Long Term Crack Inducing Strain g, N/A €., =& - 0.5, CIRIA C660 Eq 3.5
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