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Proof

Hardness(Rockwell C) length(mm) d(mm) stress area(mm2) Tensile load(KN)
load(KN)

37 105 24 353 422.6 376.114

[f] ASTM-A490 )+ A o3, slage o 39a> Y- Jgax

Brinell Rockwell C

Nominal Bolt A
Di ter, mm Length i i
lameter, min  max min  max

M12 to M24, Less than 2D 311 352 33 39
inclusive 2D and longer ... 352 o 39
QOver M24 to M36, Less than 3D 311 352 33 39
inclusive 3D and longer ... 352 o 39

[¥] ASTM-A490 , _SilSe clakin ¥ s

Alternative Proof

Nominal Bolt Diameter Load,®
and Thread Pitch, Stress Area,# mm? kN
mm - Length Measure- Yield Strength
min mex ment Method Method

Column 1 Column 2 Column 3 Column 4 Column 5 Column 6

M12 x 1.75 843 87.7 103 70 792
M16 = 2 157 163 190 130 148
M20 % 2.5 245 255 296 203 230
M22 % 2.5 303 315 366 251 285
M24 x 3 353 367 427 293 332
M27 < 3 459 477 555 381 431
M30 % 35 561 583 679 466 527
M36 = 4 817 850 989 678 768

Proof Load,®

7 B
Tensile Load,® kN KN

b i o3 gl

5D 50 00 ‘abu‘ u,,.,Lo)Tjo u.‘.iL..‘o @O, B C"L“" u.:‘ a5 Cow | ool 43)‘ ¥- Jouz Gyge @ > uu.’La)T Cul.u
Slade A- Si s < (Degree) aygly blie jo (KN) Sows o lade V- JSi souie 0l oo sy
agly Jblie 0 (N.mM) Jloel ios Jlade 4= IS oo o (NuM) Jlee!l e blie o (KN) Souis i

2ib o (Degree)

ladiges 59, Slasl sloilej] mls F- Jgux

K(nut Desired Required

M load(KN Max T N.
factor) preload(KN) Torque(N.m) ax preload(KN) axTorgue(N.m)

Speed(Degree per sec)

0.098 325 1139.12 331.3 1185.918

0.136 325 1265 327.8 1270.626
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AISC 360-10 Specification for Structural Steel Buildings. American Institute of Steel Construction.
VYAV Olazsls &c c)l))ia 2 Comwe =V
RCSC, 2004. Specification for Structural Joints Using ASTM A325 or A490 Bolts. Research Council on
Structural Connections. Available online at www.boltcouncil.org
ASTM A490M-04, 2004. Standard Specification for High-Strength Steel Bolts, Classes 10.9 and 10.9.3,
for Structural Steel Joints , American Society for Testing and Materials.
ISO 898-1, 2009. Standard Specification for Mechanical properties of fastener. International Standard
Organization.
DIN 6916. Standard Specification for High-strength head bolts. Deutsches Institut fiir Normung (German
Institute for Standardization)m
Kulak, G. L., and Birkemoe, P. C., 1993. Field Studies of Bolt Pretension. J. Construct. Steel Research
25 (1993) 95-106.
Shigley, J.E., and Mischke, C. R., 2001. Mechanical Engineering Design. Seventh Edition,McGraw-Hill.
Tan, W., 2004. Installation Behavior of ASTM F1852 Twist-Off Type Tension Control Bolts.Department
of Civil Engineering, University of Toronto.
10- Ralph S. Shoberg ,Engineering Fundamentals of Threaded Fastener Design and Analysis.
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Alkaline Cold Water cid Picking Cold Water R Flux Solution )
Cleaning Rinse 16 mi Rinse 2 min.
16 min. 2 min. 25 9, H 2 min. ZnCl + NH4CI
25% KOH P Ao in solution
175°F 5 i 172°F
to’ S

7 mmn ™ ] ~ N 7
Centrifuge Transfer Drying
5 sec. 3.0 o @ 840 °F basket 16 min.
remove 300, P 0 T9% E [} forced Hot Air
excess zinc B e 105°F

~
Transfer A Water Cool Drying
30 sec. air blow
H>

.

Hot Dip Galvanizing Processing Steps
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Mechanical

DACROTIZING oldos 51 ol

e
Spin

2x11s — 350 rpm

remove excess

DACROMET® )

Alkaline
Cleaning
7 min.
3-5% Betz
Clean 132

Transfer
basket
100 Ibs

Blast

Cure

emulsion

—T—

( Transfer
conveyor belt

pH 4.6-4.8
Visc. 55-60 s
#2 Zahn cup

Air Cool
room
temperature

Transfer
basket
100 Ibs

A

pre-cure at 300 °F for 25
minutes followed by cure at
610 °F for 15 minutes

2" Cure

2x11s — 350 rpm
remove excess
emulsion

Spin

i

Transfer
conveyor belt

Pre-cure at 300 °F for 25
minutes followed by cure at
610 °F for 15 minutes

v

Air Cool

Transfer
basket

room
temperature

100 Ibs

S —
Spin
2x11s — 350 rpm
remove excess
emulsion
-

y

Transfer
conveyor belt

Air Cool
room
temperature

Sealer Cure
pre-cure at 200 °F for 20
minutes followed by cure
at 350 °F for 10 minutes

DACROMET® Processing Steps. Note - DACROMET® applied by dip-spin
requires two coats of basecoat
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¥ Parts broken as a result of an embrittlement test

v DACROTIZED Substrates conducted en 2inc electroplated pieces
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Material : 1065 carbon steel

Dia. of wire : 2.32 mm

Inside dia. 1/2 inch, (12.7 mm)

Heat treatment : Conversion point 893°C  Oil hardening temp. 315-427°C
Hardness Rc53

Test conditon: Three different types of treatment applied to clamps which were put in a steel bar of
a 15 mm dia. size and checked for breakage

Holding hour

“DACROTIZED" 100Hr less Standard “DACROTIZED"
100Hr over Treatment

ZINC ELECTROPLATING 100Hr less ZINC ELECTROPLATING
(Not hydrogen ———‘b—OH- over 4 micron and

embtittlement treated) P dichromate

ZINC ELECTROPLATING 100Hr less Same plating condition
(Hydrogen embrittlement ; Heated at 200 degrees C.

treated) 100Hr over . 4 hours.

S0y95 4 Caoglin 4-8l gy S aw! e (g gl Sl Cand jo gligr (9] (S995 4 Cwoglin Y
RC R AR 3 e 5lglls oes Sliidg b dwslie o JYL plpos a0 SSop

360 hours of salt spray test »

e
e

DACROTIZED ZINC electroplating
dichromate

360 hours of salt spray test »

ZINC electroplating
DACROTIZED dichromate
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360 hours of salt spray test »

Dichromate

dunslio ;0 (65l (59,95 4 Caaglie Cuog STy Dlekad WL Lo jo YU jlows S0,85 4 Cwglio F
A oo lid 095 JIYL slales o ous 05ulllE Dladad L
¥ Surface condition after being heated by 300 C for 12 hours

P

¥ Afser hoing heated by 300°C for 12 howrs, then salt speay test for 240 hours

Alter being heated 300 C for B hours, »
then sait spray test for 500 houn

DACROTIZED
ZINC dlecurophating

EE E
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ZINC electroplating ZINC electroplating “DACROTIZED"”
(Dichromate) {Unichromate)

K5, aile o (2o i g Sldas plosl Cpz oYU s ol ouls Cuog STy Slekad 1 Jle Saeaws £
3,5 Calild ool Cuog ST Dladad (g9, le K, £lgil YU Saiwx ClilB 0gzg e 4y 0SS 0 0l

55l
o Cung 510 Y (535950 p jilSe gyl L

2048 b b aw 89,5 (6 el GLuS 5 g parivag] LS 5 ¢ (5, 4Y Caonn S dw ool Cug,STo 4 sl
ol 00l LSa5 00,5 o i byl il pg,S IV 05 sles yo yols &yl A

Y Stuctueofthe "DACROTIZED” i

- Trivelenechrome plymer

Ferrous Meta
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> Make up a new tank:
ZnO + CrOs ZnCrOa
» Forming coating:
CrOs Cry,O, nCr,O;. mCrO,

P

Ceog 51 Wldos og2xi
asks S Sllas plol gls oSS gm0 . il oo (59 dbsd ols ey elul r Caeg ST Sliles slice
59,5 oo ooliiul Sllas ) alil gly ol S5 ans andl . o)ls (S ol aiwlym o> 5 oS ¢ o5l ¢

ol oo RSz aS
Slakd o S i g slp g, p 5 cemlio g, opl 1 (Basket System) The Dip Spin System .1

Al o o il ( ba, ) a5 IS ol cpols sl Lo g

/ Steam cleaning
Cleaning Q-
Supplying ‘

hopper

Degreasing ténk Scale take off

et Oy

S
st stage Preheat zone Cure zone !

@ I m [

1st Oven Cooling Zone

LN G M

\
[==)
Preheat zone Cure z0ne

! [ I

2nd Coater 2nd Oven Cooling Zone

2nd stage
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T [P
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vd
Take off

— '[
Timoe b

* Degreasing tank  Hot water shower Dry and cool Dipping tank

h 6o
Cooling 2one ! T
Take off k. ﬂ r 0

"I Y | | T e

___[—-—"—"'"" ’“i""tt,:L; __] IJ — — e

* This ilustration shows alkal cleaning

ol > b g o sl gl ol a5 Slabd b 5 Sy5 oy Dlabd (gl g, o] : SPraying method .3
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0

to be coated

PN Y

Load on parts # l
H g & % ' .' i

Degreasing sump  Shot blasting Spray coating

Air cooling D_Q
Load off parts z0ne 0
Curing zone [ 1] Preheating zone
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DACROMET zinc
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ASTM s laib il b Coog STo i iy 5, Sl w950 SO, sl ads ol om0 ol YL il
Al e 036 5,50 YU s licabsl o 45 L D3359

1

"DACROTIZED" Zinc Electroplating Dichromate

— —

' | Same day After 24 hrs, Semeday | After 24 hrs,

i I |

Melamine Alkyd Paind 98/100 98/100 0/100 0/100

e ey

Acryl Lacquer 100/100 100/100 0/100 0/100

Thermosetting Acry! Paint 100/100 100/100 100/100 |  100/100 *

d ]

Photo of Cross-cut tape test, (ex melamine-Alkyd Paint)

CT

WL

. asb o~ (Rotational Capacity test ) sla atulgs 0,5 ol S5lis g ail oo 295

(S 0y95 o dos Y
Gl Sl Cad jo (59595 4 Cawoglio sl

SR eSS oxlglE g 0 0l ¢ Caag Slo (61N 5y A g 95w oS pD 15 g0 gy S (2le Wged
M‘éb)?uwawb)MJW9L¢cgJJ$déé)m o).a.:b“fw‘o».&.ojw..\.’f)tﬂ d..a@l_ug.,ss)f
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a5y g0 50 03,55 sanlive 0dls Cuag, ST (Glb yilg g 00 ¢ e, (S5 55 5l ¢l ales e 1000 51 aa

C T 8.5% 9 6L oY) g_is) AW é.ulin oj.ubjlf )...0‘9 Gb.w 25.5% 9 0 500 C"a'“’ 21% = Gb.w 84.5%
RUERYS ;i:) o0l ﬁ)f of..:b]lf le.sb).d}‘g 24.5% 9 0 40 10%

50,0 ¢ s 100% Lo 5 ames o 45035 )13 5000NT o Cos 1o lg g 0,40 5 gy (5 S (uirod

W) K5 0dds Ceog,SThy

Table 11: Summary Salt Spray Exposure Results
DACROMET® P Mechanical Galvanized Hot Dip Galvanized
Avg  Bolt Nut Washer | Bolt  Nut Washer | Bolt  Nut Washer
1000hs 0 0 0 (845 20 265 |85 10 245
5000hs 59 005 2842100 99 100 | 71 100 100

Note: values represent percentage of red rust. All HDG bolts exhibited 75-90% red rust with 50% of
the red rust obscured by white corrosion product.

Figure 12: Sl . (DACROME T 5000 hrs peor J

Figure 14:SL_,, (Z+ 5000 hrc per ASTM B117)
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CYCLIC EXPOSURE s 3 53 )95 &1 aoglin du Uio

39 9 35,5 18 6yl Sl s o 240F o 4 )L 80 Wb wlakad GMO540P o laskew! 3.b
516,61 455 d JSew 80 51 aay wogs oo Cang,STo a5 Jlakad . Wigis sdaline by 5 Ll Zslans
3 lliw! sl atwles cunl jasie Jglaz gl wSe j0 a5 4sS les 15 S 120 51 v 5 aiiilas S

Table 12: Summary Salt Spray Exposure Results

Load (Turn-of-Nut Tightened)
Corrosion after n Cycles
40 80 120
<1% <1% 3%
0% 0% <1%
DACROMET® P 0% <1% <1%
<1% <1% <1%
<1% <1% <1%
Control (Bare) 95% 100% 100%

No Load (Hand Tightened)
Corrosion after n Cycles
40 80 120
<1% <1% <1%
<1% 1% 5%
DACROMET® P 0% 0% 0%
0% 0% 0%
<1% <1% <1%
Control (Bare) 90% 100% 100%

Values indicate % red rust

Table 13: Summary Salt Spray Exposure Results

Load (Turn-of-Nut Tightened)

Bolt Nut W1 W2 Fixture Assmbly

Avg DACROMET® P
Weight Change (g) 0.06 0.01 0.02 0.02 0.22 0.32

Bare Weight Change (g) (10.41) (8.73) (2.86) (2.32) 1.00 (23.32)

No Load (Hand Tightened)
Bolt Nut W1 W2 Fixture Assmbly

Avg DACROMET® P
Weight Change (g) 0.09 0.05 0.04 0.02 1.00 1.19

Bare Weight Change (g) (7.18) (7.49) 0.64 (0.45) 0.70 (13.78)

Corrosion coupons: 80 cycle mass loss: 8,175 mg
120 Cycle Mass Loss: 10,645 mg

www.jwn.ir (Journal of welding and nondestructive tests)
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Figure 17: . Figure 18:;
LE .. (Bare + 120 cycles, _Lg__ (Bare + Turn-of-Nut + 120 cycleos)

Figure 19: LE, (DACROMET" + 120 cycles)

Flgdn 20: LE,,. (DACROMET" + Turn-of-Nut + 120 cycles)
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: HYDROGEN EMBRITTLEMENT TEST (PORDUCTION TESTING ) .1
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%Fs= FS x 100
FSS

Fs : Percent Fracture Strength
Fs: SSR Fracture Load of coated bolt following cycles of

expanses
FFS: Last Fracture Load of coated of Bare unexposed bolt

: HYDROGEN EMBRITTLEMENT TEST(Process qualification) .II

35 5 Jasin dae (Sig,0u0 50,5 bladl o ) Sidgs aliue sl dg p adl a5 ol QTMQ.:]}‘ KV

NFs% = NFs(W) F 1940 x100

NFs (B) 1940
NFs% = Percent Notch Fracture Strength
NFS (W) 1940= Notch Fracture Load of coated SQB Witness Specimen
NFS (B) 1940= Notch Fracture Load of bare SQB Specimen
53 §93% Caag,Slo i bg dae . aib (2 85% ;I sYLASTM 1940 o lasb ol 5 53y jle
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: TENSILE STRENGTH TEST.III
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High strength Structural Fastener alo> jNLtensile L ladass go 0 (ol b 4 ol pogdle
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Brahimi , s Qualification of DACROMET for use with ASTM A490 high Strength Structural bolts.
IFI-144 Test Evaluation Procedures for Coating Qualification Intended for Use on High-
Strength Structural Bolts.
ASTM A 153 Zinc Coating (Hoot-Dip) on Iron and Steel Hardware .
ASTM A325 Standard Specification for Structural Bolts , Steel , Heat Treated , 120/105 ksi
Minimum Tensile Strength
ASTM B117 Standard Practice for Operating Salt Spray (Fog ) Apparatus .

ASTM B571 Standard Practice for Qualitative Adhesion Testing of Metallic Coatings .

ASTM B695 Coatings of Zinc Mechanically Deposited on Iron and Steel
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ASTM A490 Standard Specification for Structural Bolts , Alloy Steel , Heat Treated , 150 ksi
Minimum Tensile Strength

ASTM A 751 Test Methods , Practices , and Terminology for Chemical Analysis of Steel
Products

ASTM D1186 Standard Test Methods for Nondestructive Measurement of Dry Film Thickness
of Nonmagnetic Coatings Applied to a Ferrous Base

ASTM D1654 Standard Test Method for Evaluation of Painted or Coasted Specimens Subjected
to Corrosive Environments

ASTM D3359 Standard Test Methods for Measuring Adhesion by Tape Test

ASTM E3 Practice of Metallographic Specimens

ASTM E8 Test Methods for Tension Testing of Metallic Materials.

ASTM E92 Standard Test Method for Vickers Hardness of Materials

ASTM F606 Test Methods for Determining the Mechanical Properties of Externally and
Internally Threaded Fasteners , Washers , and Rivets

ASTM F1624 Chromium /Zinc Corrosion Protective Coatings for Fasteners

ASTM F1624 Standard Test Method for Measurement of Hydrogen Embrittlement in Steel by
the incremental Loading Technique .

ASTM F1940 Standard Test Method for Process Control Verification to Prevent Hydrogen
Embrittlement in Plated Coa
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