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Type

Symbole

Cause

Time of Appearance

Alkali-Silica Reaction

ASR

Reaction between alkalis in the pore solution and

reactive silica in aggregate results in formation of

an expansive gel and degradation of the aggregate
particle

5-25 years

Aggressive expansive reaction between alkalis in

Alkali-Carbonate

Reaction ACR

pore solution and certain dolomitic aggregates
which commonly involves dedolomitization and
brucite formation

5-15 years

Formation of ettringite, gypsum, or thaumasite that

External Sulfate Attack ESA

occurs when external sources of sulfate (e.g.,
groundwater, deicing chemicals) react with
aluminate phases in HCP

1-10 years

Delayed ettringite formation (DEF) from high

Internal Sulfate Attack ISA

early-age curing temperatures that results in either

1-5 years

expansive disruption in the paste phase
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Dam XRD Samples DRI Determining

name Time Code Code

Godarlandar (fg%egr:') GdX1-2 GD1-2
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Dez (g 43;egr:|) DX1-3 D1-3
Balaroud (igs)fgﬁ) BX1-2 B1-2
Karkheh ég%egﬁ) KX1-4 K1-5
Jarreh ég%egﬁ) IX1-2 1-2
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Petrographic feature Symbol weighted factore

Coarse aggregate with cracks CCA 0.25
Coarse aggregate with cracks and gel GCA 2
Coarse aggregate debonded CAD 3

Reaction rims around aggregate RR 0.5
Cement paste with cracks CCP 2
Cement paste with cracks and gel GCP 4

Air voids lined or filled with gel GAV 0.5
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mCcA

K1 7l_---—.- = GCA

6T jme——— = CAD
6T - = wRR
GD2  m——— uccP
GDL | m———— Gep
B2 | ———— — GAV

B ————— —(—
D3 | —
D2 | m————

D1 ———

o 10 20 30 40 50 60

DRI (55 050 ol 0 J&

DRI ﬁ;l}.a u,»:l.w\ B th)l.«d LSJ"‘" s ¥ JJJ?

DRI Jarreh Karkheh Balaroud Dez Gotvand Uleya  Godarlandar
Average 44.75 25.85 27.50 14.67 27 13.25
Minimum 41 9 11.25 14 125
Maximum 48.5 36.25 19 40 14
K5=NR GT1=R
Class R Others=R NR GT2=NR NR
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Minerals/Percentage

Code

Cal Mont Ettri Natro Qtz Arg
GdX1 98.0
GdX2 93.8 6.2
GtX1 92.7 2.3 5.1
GtX2 90.7 2.2 7.0
DX1 97.5 2.5
DX2 97.6 2.4
DX3 90.6 2.5 6.9
BX1 93.2 6.8
BX2 91.9 3.9 4.3
KX1 93.4 1.2 5.4
KX2 93.1 15 5.4
KX3 98.7 1.3
KX4 91.1 1.7 7.3
X1 40.5 9.3 6.2 43.9
IX2 61.0 23.3 15.7

Cal Calcite, Arg Aragonite, Natro Natrolite, Mont Montmorillonite, Ettri Ettringite, Qtz Quartz
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