Technicka
pFirucka
zavitoveé hreby
Hilti X-BT

Prosinec 2010




1. Systém X-BT strana 4
2. Aplikace strana 5
2.1 Systém upeviovani pororosti 5
2.2 X-BT a montazni systém MQ 7
2.3 Upevnovani pfistrojt, rozvodnych skfini a osvétleni 8
2.4 Upevnovani kabelli / konektort 9
2.5 Upeviovani kabelovych lavek 9
2.6 Pouziti X-BT pfi pFipeviiovani a provadéni zemnicich spoja 10
3. Technické specifikace strana 11
3.1 Udaje o vyrobku 11
3.1.1 Specifikace materialu 11
3.1.2  Vsazovaci nastroj 11
3.1.3 Schvaleni 11
3.2 Udaje o zatizeni 12
3.3 Aplikaéni pozadavky a meze pouzitelnosti 13
3.3.1 Tloustka upevriovaného materialu
3.3.2 Rozte¢ spojl a vzdalenost od okrajl
3.3.3 Meze pouzitelnosti / tloustka zakladniho materialu
3.3.4  Volba upeviiovacich prvkd
3.3.5 Volba nabojky a nastaveni sily nastroje
3.3.6 Podrobné udaje k instalaci 14
3.3.7 Zajisténi kvality spoje
4. Prohlaseni k metodé strana 15
4.1 Pokyny k pouziti
4.2 Udrzba vsazovaciho p¥istroje DX 351 BT/G 16
5. Charakteristika (technické zpravy) strana 17
5.1 Nazvoslovi, symboly a koncepce navrhu 17
5.2 Staticka unosnost zavitového hiebu X-BT 19
5.2.1 Deformacni vlastnosti spoje se zavitovymi hieby X-BT
pfi tahovém namahani 19
5.2.2 Pevnost pfi vytrzeni spoje se zavitovymi hieby X-BT 20
5.2.3 Smykova pevnost spoje se zavitovymi hieby X-BT 21
5.2.4 Vliv vzdalenosti od okraje a roztec¢e na Unosnost
zavitovych hrebl X-BT 22
5.2.5 Mechanismy drzeni zavitovych hiebl X-BT 24
5.3 Korozivzdornost 25
5.3.1 Korozni parametry spoje se zavitovymi hieby X-BT 25
5.3.2 Kontaktni (galvanickd) koroze — nerezové hreby X-BT
v uhlikové oceli 27
5.3.3 Korozni parametry zjiSténé na zakladé provoznich zkousek

strana 2

na ostrové Helgoland (Severni more)

28

Obsah



5.4 Viliv spoje se zavitovymi hieby X-BT na zakladni material - ocel 29
5.5 Viliv vibraci na spoj se zavitovymi hieby X-BT 31
5.6 Teplotni odolnost spoje se zavitovymi hieby X-BT 32
5.7 Pouziti zavitového hiebu X-BT v ochrannych uzemnovacich
a kostricich obvodech a pro ochranu pred bleskem 34
5.71 Ochranné uzemnovaci a kostfici obvody 34
5.7.2 Externi ochrana pred bleskem 35
5.8 Hreb X-BT v nerezovém zakladnim materialu 36
5.9 Hreb X-BT Sokové namahani 37
5.10 Hreb X-BT v oceli tenéi nez 8mm 38
5.10.1 Odolnost proti vytrZzeni v tenké oceli 38
5.10.2 Smykova Unosnost v tenké oceli 38
5.10.3 Elektricka vodivost hfebu X-BT v tenké oceli 39
5.11 Chemicka odolnost tésnici podlozky SN 12 40
5.12 Bezpecnostni list tésnici podlozky SN12 podle ISO/DIS 11014 41
5.12.1 Identifikace latky 41
5.12.2 Slozeni nebo informace o slozkach 41
5.12.3 Identifikace nebezpecnosti 41
5.12.4 Opatreni prvni pomoci 42
5.12.5 Opatreni pro haseni pozaru 42
5.12.6  Opatfeni v pfipadé nahodného uniku 42
5.12.7 Zachazeni a skladovani 42
5.12.8 Omezovani expozice a osobni ochranné prostredky 43
5.12.9 Fyzikalni a chemické vlastnosti 44
5.12.10 Stalost a reaktivita 44
5.12.11 Toxikologické informace 44
5.12.12 Ekologickeé informace 45
5.12.13 Pokyny pro odstranovani 45
5.12.14 Informace pro prepravu 45
5.12.15 Informace o predpisech 46
5.12.16 Dalsi informace 47
6. Schvaleni strana 48
6.1 American Bureau of Shipping (ABS) (2) 48
6.2 Lloyd's Register 52
6.3 Germanischer Lloyd (GL) 54
6.4 Det Norkse Veritas (DNV) 56
6.5 ICC-ES 60
7. Hodnoceni zakazniki strana 65

Obsah strana 3



Systém X-BT =110

1. System X-BT

Jednoduché a rychlé upevnovani do oceli - vlastnosti
a vyhody systému

Zadné opravy

Privafovani svornikd nebo spojovani prlichozimi $rouby vyZaduje opravy natéru
nebo zinkovani. U systému X-BT se v8ak hreb vsazuje do malého predvrtaného
otvoru, pfi¢emz nastreleny konec hfebu je zcela utésnén podlozkou.

Jednoduchost a rychlost
UZ po nenaro¢ném zaskoleni zvladne pracovnik nastelit vice nez 100 hiebl
za hodinu.

Vysoka korozivzdornost
Hreby X-BT jsou vyrobeny z jakostni nerezové oceli A4 (316 SS), takze jsou sprav-
nou volbou do agresivniho prostiedi.

Vysoka unosnost a odolnost proti vytrzeni
Parametry X-BT jsou srovnatelné s jinymi metodami, jako je napfiklad pfivafovani
svornikd.

Koroze

Upeviiovani ke véem profilim oceli

Na rozdil od svorek, jejichZ pouziti je limitovano tvarem zakladni oceli, jsou hfeby
X-BT idedlni pro pouziti na trubkach, zlabkovych profilech, Sirokych pfirubach

a uhelnicich.

Upevnovani ke vSem tfidam oceli
Kromé upevnovani ke standardni konstrukeni oceli Ize hfeby X-BT pouzivat rovnéz
k upevnovani do vysokopevnostni a silné oceli.

Povolovani

Prenosnost a bezpec¢nost
Vsazovaci pfistroj pouziva vlastni zdroj energie, coz eliminuje potfebu elektrickych
kabelll a téZkych svarecek.

Zadné prorazeni
Specialni postup vrtani a vsazovani vede k bezpe¢nému upevnéni hiebu bez
prorazeni zakladniho materidlu.

Prorazeni
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2. Aplikace

2.1 Systém upevnovani pororostu
(X-BT M8-15-6 SN12-R and X-FCM-R)

Kompletné nerezovy upeviovaci systém kovovych a sklolaminatovych rostu
do povlakované a vysokopevnostni oceli

=8mm

[5/16"]

Dulezité: Z bezpeénostnich dlivodl (smykové zatizeni) se systém X-FCM-R
nesmi pouzivat pro upeviovani ro$ti uréenych Kk jizdé vozidel.

Prodluzovaci adaptér X-SEA-R 30 M8
Pro pouziti s drzaky pororo$tdl X-FCM-R pfi upeviiovani rostd vyssich
nez 50mm (1,97 palce).

Vybér drzaku

Oznaceni

L
[mm / palce]

Rozpéti vysky rostu,
HG [mm / palce]

Vyska roStu
s adaptérem
X-SEA-R 30 M8

X-FCM-R 25/30

23/0,91

25-30/0,98-1,18

55-60/2,16-2,36

X-FCM-R 1"-1%"

27 /1,06

29-34/114-1,34

59-64/2,32-2,52

X-FCM-R 35/40

33/1,30

35-40/1,38-1,57

65-70/2,56-2,75

X-FCM-R 45/50

43/1,69

45-50/1,77-1,97

75-80/291-3,15

Aplikace

Drzak mfizovych rostl X-FCM-R

8.6[0.339"]

05202047 &

L +4[0.157"]

30

10
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Montazni pokyny
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PoloZte pororost do final-
ni polohy.

V pfipadé potreby
roztahnéte otvory v mfizi.

Predvrtejte otvory pomoci
vrtaku s dorazem
TX-BT 4/7.

Predvrtavejte tak dlouho,
dokud dosedaci plocha
dorazu vrtaku nevybrousi
leskly kruh. Vyvrtany
otvor i jeho okoli musi byt
Cisté, suché a bez

7777722277777/

;W//z WQ%WM

necistot.Hreby vsazujte
vyhradné pomoci pfistroje
DX 351 BT G s hnédou
zasobnikovou nabojkou
6.8/11M.

Podrobnosti tykajici se montaze

Upevnéte drzak
X-FCM-R pomoci 5mm
imbusového bitu.

Zacnéte rukou a poté utahujte Sroubovakem s momentovou spojkou.

Utahovaci moment: 5 — 8 Nm (3,7 - 5,9 ft-lb)

Sroubovak Hilti

Nastaveni momentu

SF 121-A 11
SF 150-A 9
SF 180-A 8
SF 144-A 9
SF 22-A 9

Aplikace
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2.2 X-BT a montazni systém MQ

Upevnéni nosniku MQ do povrchové osetrené oceli
(elektricka zafFizeni a potrubi malého priifezu)

Poznamka: V pfipadé plsobeni smykového zatizeni musi byt hieby X-BT umistény
podle obrazku (tj. na konci drazky).

O O o o C 0

Dva hteby X-BT v jedné drazce Jeden hreb X-BT v kazdé drazce

Upevnovani patek a konzol systému MQ pro systém
dvojité podlahy

Aplikace

Aplikace
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2.3 Upevnovani pristroji, rozvodnych skfini a osvétleni

Nerezovy zavitovy hieb X-BT pro upeviovani pFistrojl, rozvodnych skfini
a osvétleni do povrchové osetiené a vysokopevnostni oceli

Montazni pokyny
1]

Vyznacte polohu v§ech Predvrtejte otvory pomoci  Predvrtavejte tak dlouho,
otvord. vrtaku s dorazem dokud dosedaci plocha
TX-BT 4/7. dorazu vrtaku nevybrousi

leskly kruh. Vyvrtany otvor
i jeho okoli musi byt Cisté,
suché a bez necistot.

Vsadte hfeby X-BT-R Ulozte pfistroj apod. Utahnéte Sroubovakem
pomoci pfistroje DX 351 na hieby a podrzte je;. s momentovou spojkou.
BT se zasobnikovou Nasadte podlozky

nabojkou X-BT. a rukou utahnéte matice.

strana 8 Aplikace
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2.4 Montaz uchytu kabelli a kabelovodi

Zavitové hieby X-BT pro tchyty kabeld a kabelovodii
Nerezové zavitové hieby pro upeviiovani tichytt kabell a kabelovodu
k povrchové osetiené a vysokopevnostni oceli

Montazni pokyny
Oznacte polohu Predvrtejte otvory pomoci  Predvrtavejte tak dlouho,
jednotlivych tchyta. vrtaku s dorazem dokud dosedaci plocha

TX-BT 4/7. dorazu vrtaku nevybrousi
leskly kruh. Vyvrtany otvor
i jeho okoli musi byt Cisté,
suché a bez negistot.

L

Hreby upevnuijte vyhradné  NaSroubuijte a rukou Vyrovnejte Uchyty.
pomoci vsazovaciho dotahnéte Uchyt.

pristroje DX 351 BT T, <8Nm)

s hnédou zasobnikovou

nabojkou 6.8/M.

2.5 Montaz drzaku kabelovych lavek

Nerezové hieby X-BT pro upeviiovani kabelovych lavek k povrchové oSetfené
a vysokopevnostni oceli

Montazni pokyny

A

Fixaéni pfichytka Dilatacni vodici svorka

e
%2
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Jednobodové spojeni

A%

=g

O

Y

b

Dvoubodové spojeni

2.6 Hreby X-BT pro uzemnovaci zarizeni a zarizeni pro
vodiva spojeni

Hreby

X-BT M10-24-6 SN12-R
X-BT W10-24-6 SN12-R
X-BT M6-24-6 SN12-R
X-BT W6-24-6 SN12-R

Ochranné uzemnovaci a kostrici obvody
(podle EN 60439-1, EN 60204-1, IEC 60947-7-2)

Jednobodové spojeni:
Maximalni priifez pfipojeného kabelu < 10 mm2 Cu (AWG 8)

Dvoubodové spojeni:
Maximalni prifez pfipojeného kabelu < 16 mm2 Cu (AWG 6)

Venkovni systémy ochrany pred bleskem
(podle EN 50164-1)

Kabel v kontaktu s hiebem X-BT:
Zkusebni trida N, Imax = 50 kA, doba td = 2 ms

Kabel v primém kontaktu s ocelovym podkladem:
Zkusebni trida H, Imax = 100 kA, doba td =2 ms

Montazni pokyn
PFi utahovani druhé matice momentem pfiblizné 20
Nm drzte spodni matici klicem.

2

Vhodnost k pouziti v daném systému uzemnéni a adekvatnost vSech pouzitych soucasti podle ocekavané energie musi vyhod-

notit odpovédny odborny projektant.

strana 10

Aplikace



LT Technické udaje

3. Technické udaje
3.1 Udaje o produktu

3.1.1 Pouzité materialy

® Shank: CR500 (legura CrNiMo)

S31803 (1.4462)

ekvivalent A4 / AlSI
materidl tfidy 316

N 08926 (HCR, 1.4529)1) k dispozici na vyzadani

@ Zavitova objimka:
® Podlozky SN12-R:
@ Tésnici podlozka:

S 31600 (X2CrNiMo 17132)

S 31635 (X5CrNiMo 17 - 12 - 2 + 2H)

Eleastomer, ¢erna, odolna vidi slané i sladké vodé, ozonu,
olejim , plsobeni UV, apod.

® Vodici podlozka:  Plast

Znaceni podle systému UNS

1) Vysoce korozivzdorny materiadl HCR na dotaz u Hilti.

3.1.2 Vsazovaci pristroj

DX 351-BT / BTG, viz vybér hiebu v oddilu 3.3.5.

3.1.3 Schvaleni

ABS, DNV, GL, LR, ICC ESR-2347, UL

TP APPROVAL PROGRA

Montézni systémy X-BT maiji nékolik mezinarodné platnych typovych osvédéeni pro
namorni pouziti a pouziti pfi stavbé lodi. Tato osvédc€eni vydavaji mezinarodni
klasifikacni organy pro pfislusna odvétvi.

Konkrétné se jedna o tyto organy:

* ABS — American Bureau of Shipping
* DNV — Det Norske Veritas

e GL — Germanischer Lloyd

¢ LR - Lloyds Register

Schvéleni ICC-ES ESR-2347 se vztahuje na pouZziti hfebl X-BT v pozemnim stavi-
telstvi. ESR-2347 umoznuje pouzivat hfeby X-BT v souladu s mezinarodni stavebni
normou z roku 2009 (2009 IBC).

Registrace UL (svazek E257069) se vztahuje na pouziti hiebl X-BT jako
uzemnovaciho zafizeni nebo zafizeni pro vodiva spojeni.

Typova schvaleni véetné ESR-2347 jsou souhrnné pretisténa v kapitole 6. Pretisky
umoznuji prozkoumat rozsah schvaleni a jsou platné ke konci prosince 2010.

Schvaéleni podléhaji priibéznym zménam v disledku vylepsovani norem (napf. ESR-
2347), zmén v sortimentu a novych vysledkd vyzkumu (viz kapitola 5.4). Aktualné
platna schvaleni Ize stahnout z webu Hilti nebo z webUl vétsiny certifikacnich
organd.

Technické udaje

X-BT W10-24-6 SN12-R
X-BT M10-24-6 SN12-R

31.3[1.232"]

X-BT M8-15-6 SN12-R

|
14 [0.551"] é)
21.3[0.839"]

X-BT W10-24-6-R
X-BT M10-24-6-

MaAAANZS

26 [1.024"]

31.3[1.232"]

X-BT M8-15-6-R

© 9k
1§l 2 é\l\

16 [0.630"]
21.3[0.839"]

X-BT W6-24-6 SN12-R
X-BT M6-24-6 SN12-R

[0.787"]
31.3
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3.2 Udaje o zatizeni

Doporucena zatizeni

M Tfida oceli: S235, S355, tfida 50
Europe, USA A36 a pevnéjsi
Tah Nyec [kN/ID] 1.8/ 405 2.3/517
Strih Viec [KN/Ib] 2.6 /584 3.4/764
Moment Myec [NmM/ftib] 8.2/6 8.2/6
Krut Trec [Nm/ftib] 8/5.9 8/5.9

Podminky pro doporucéena zatizeni

e Globalni soucinitel bezpecnosti pro statické vytrzeni > 3 (zaloZzeno na 5% kvantilu)
> 5 (zaloZzeno na strfedni
hodnoté)

e Minimalni vzdalenost od okraje = 6 mm (1/4")
e Je zohlednén ucinek vibraci zakladniho materidlu a jeho napéti.
e Musi byt zajiSténa redundance (tj. nékolik upevnéni).

Poznamka: Udaje zahrnuiji pfipadny moment pdsobici na dfik hfebu v dlisledku
pacivych sil.

Cyklické zatizeni

e Laboratorni zkou$ky prokazaly, Ze ukotveni zavitového hifebu X-BT do ocelového
podkladu odolava cyklickému zatizeni.

e Kritériem Unavové pevnosti je lom dfiku. Podle laboratornich zkou$ek je charak-
teristicky pocet cykll zatizeni Nk silou 1,8 kN roven pfiblizné 0,5 milionu.
V pfipadé potifeby zohlednéni cyklického zatizeni v navrhu pozadejte spolecnost

Hilti o podrobnéjsi udaje ze zkousek.

strana 12 Technické udaje
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3.3 Podminky a meze pouziti

3.3.1 Tloustka upevinované soucasti

tnuT

V_\A

J
Lg

X-BT M8: 20=stj= 7mm
X-BT M10/ X-BT W10: 2.0 =t <15mm
X-BT M6 / X-BT W6: 1.0t =14mm

twASHER

3.3.2 Roztec¢ a vzdalenost od okraje

Rozte¢: = 15mm Vzdalenost od okraje: = 6mm
26mm =215mm =15mm 26 mm
(1747 [B/8"  [5/8"] [174"]
e,
4 —_—
©
roy
IS
IS
[ce)
Al
3.3.3 Mez pouziti a tloustka podkladu > 8 mm [5/16']
t; = 8mm [5/16”] — bez prostupu. Na tfidu oceli se nevztahuji Zadna omezeni. % ﬁ 2|

3.3.4 Vybér hiebu

Vsazovaci pristroj

Oznageni €. dilu Oznageni
X-BT M8-15-6 SN12-R 377074 DX 351-BTG
X-BT M10-24-6 SN12-R 377078 DX 351-BT
X-BT W10-24-6 SN12-R 377076 DX 351-BT
X-BT M8 bez podlozky 377073 DX 351-BTG
X-BT M10 bez podlozky 377077 DX 351-BT
X-BT W10 bez podlozky 377075 DX 351-BT
X-BT M6-24-6 SN12-R 432266 DX 351-BT
X-BT W6-24-6 SN12-R 432267 DX 351-BT

Pro vysoce korozni prostfedi Ize pouzit material HCR - kontaktujte Hilti.

3.3.5 Vybér zasobnikové nabojky a nastaveni vykonu
vsazovaciho pristroje

Hnéda zasobnikova nabojka s vysokou presnosti 6.8/11 M

Presné nastaveni vykonu pfistroje dle podminek na stavbé.

Technické udaje strana 13
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o

Predvrtavejte tak dlouho, dokud dose-

daci plocha dorazu vrtaku nevybrousi
leskly kruh (kvali zajisténi spravné

hloubky otvoru).

hnvs

N
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3.3.6 Podrobnosti tykajici se montaze

® X-BT s podlozkou
Pr@imér otvoru v upeviiované soucasti >13mm (> 1/2")

@ X-BT bez podlozky
Prdimér otvoru v upevriované soucasti > 11mm (> 3/8") pro X-BT M/W10
>9mm (> 5/16") for X-BT M8

X-BT M6 a X-BT W6

® Upeviovana soucast s pfedvrtanym otvorem prdméru < 7mm (9/32")

@ Upeviiovana soucast s predvrtanym otvorem priméru = 7mm (9/32") + podlozka

Poznamka: prdmér predvrtaného otvoru < 10mm (3/8").

Pfed montazi hiebt
Vyvrtany otvor i jeho okoli musi byt Cisté a zcela suché.

Max. utahovaci moment, Tyec < 8Nm [5.9 ft-Ib]!

Sroubovak Hilti Nastaveni
momentu Trec
SF 121-A 11
SF 150-A 9
SF 180-A 8 M
SF 144-A 9
SF 22-A 9

3.3.7 Zajisténi kvality osazeni hiebu
Kontrola osazeni hiebu

X-BT M8
hnys = 15.7-16.8mm

X-BT M10 / X-BT W10 and X-BT M6 / X-BT W6
hNVS = 25.7-26.8 mm

Technické udaje
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Technologicky postup

4. Technologicky postup

4.1 Pokyny pro pouziti

i ]
X-BT M6-24-6 SN12-R

X-BT M10-24-6 SN12-R DX 351 BT (M)
TX-BT 4/7-80
X-BT W6-24-6 SN12-R DX 351 BT (W)
X-BT W10-24-6 SN12-R
X-BT M8-15-6 SN12-R DX 351 BTG TX-BT 4/7-110
n mp
XBT 4000-A

A

Technologicky postup

max. 8 Nm
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4.2 Udrzba vsazovaciho pfistroje DX 351 BT/G

Udrzbu vsazovaciho pfistroje

provedte v nasledujicich pfipadech:
l:___ T _\IM_
ROY
I. selhani zasobnikové nabojky Il. nerovhomérna hloubka vsazeni
Demontaz
1 4
=i

Lonatt

Kontrola

zfﬁ_\-\-\\
- |
R

Vycisténi

Y4 A -
ik s
T fféy

Montaz

Vsazovaci pfistroje pravidelné
promazavejte sprejem Hilti!
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5. Charakteristika (technické zpravy)

5.1 Nazvoslovi, symboly a koncepce navrhu

Nasledujici tabulka podava prehled o nazvoslovi a symbolech pouzitych v rdamci technickych udajd.

Zkusebni tudaje a charakteristika upeviovacich prvku

NaV Tahova, resp. smykova sila v obecném smyslu

F Kombinovana sila (vyslednice sil N a V) v obecném smyslu

Ng aVs Tahova, resp. smykova sila pUsobici na upeviiovaci prvek uvazovana v navrhu

Fs Kombinovana sila (vyslednice sil N a V) uvazovana v navrhu

Ny aVy Mez pevnosti v tahu, resp. ve smyku, jejiz prekroCeni vede k selhani upevinovaciho

prvku, statisticky — udaj pro jeden vzorek

Nu,m @ Vu,m

Mez pevnosti v tahu, resp. ve smyku, jejiz pfekroCeni vede k selhani upevnovaciho
prvku, statisticky — prdmér pro nékolik vzorkd

S

Smeérodatna odchylka vzorku

Ngk a Vg

Charakteristicka Unosnost upevriovaciho prvku pfi plisobeni tahové, resp. smykové
sily, statisticky 5% kvantil. Napfiklad charakteristicka pevnost upevriovaciho prvku,
jehoz mez pevnosti Ize popsat normalnim Gaussovym rozdélenim, se vypocte
takto: Ngk = Nu,m - k x S kde k je funkce velikosti vzorku n a pozadovaného
intervalu spolehlivosti.

Nrec @ Vrec

Dovolené namahani v tahu resp. ve smyku upeviiovaciho prvku:
Nrec = % a Vyec = % kde v je globdini koeficient bezpe&nosti.

Myec

Dovolené namahani v ohybu dfiku upevrnovaciho prvku:

Mrec = % kde Mgy je charakteristicka unosnost v ohybu dfiku
upevnovaciho prvku a v je globalni koeficient bezpecnosti.
Neni-li na produktovém listu uvedeno jinak, hodnoty Myec
v tomto navodu poditaji pfi statickém zatéZovani
s koeficientem bezpecnosti 2.

Udaje o upeviiovacim prvku

her Pranik upevriovaciho prvku pod povrch zakladninho materialu

hnvs QOdstup hlavy hfebu od povrchu, do kterého se provadi spoj (v pfipadé hfebu se
jedna o povrch upeviiovaného materidlu, v pfipadé zavitovych hiebl se jedna
o povrch zakladniho materialu).

t Tloustka zakladniho materialu

t Tloustka upeviiovaného materialu

>t Celkova tloustka upevnovaného materidlu (v pfipadé vice vrstev)

Parametry oceli a jinych kovi

fy and f,

Mez kluzu, a mez pevnosti kovl (v N/mm? or MPa)

Charakteristika
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Koncepce navrhu

Charakteristika =N

V ramci teorie dovolenych namahani Ize vhodné pouzit publikovana dovolena

namahani (Nrec a Vrec).

Pokud je zapotfebi navrhnout spoj s hieby X-BT podle koncepce ¢aste¢né
bezpecnosti, charakteristickd Unosnosnost Ngg a Vg se ziska vynasobenim dovo-
leného namahani globalnim koeficientem bezpe¢nosti podle pfislusné koncepce

navrhu.

Naptiklad v pfipadé navrhu podle norem Eurocode se pouzije globalni koeficient

bezpecnosti 2.
Teorie dovoleného namahani

N
Ns <Nrec = =&

kde v je globalbi koeficient

bezpecnosti zahrnujici rezervu na:

e chyby v odhadu zatizeni,
e odchylky v kvalité materialu
a montaze

a Ng je, obecnég, charakteristické
zatizeni.

Ns = Nsk

Teorie meznich stavu

Nsq < Ngg
Nsqg = Nsk X V¢
Ngg = Ngi/ Ym

kde yg je Castecny soucinitel
spolehlivosti, ktery poskytuje rezervu
na chyby v odhadu plsobiciho
zatizeni,

a Y, je ¢astecny soucinitel spolehli-
vosti, ktery poskytuje rezervu

na odchylky v kvalité materialu

s montaze.

Tento souhrn je pouze reprezentativnim vyrnatkem z provedenych zkousek. Neslouzi jako Uplna a vycerpavajici zkusebni zprava. Pro kompletni podrobnosti o zkouskach
kontaktujte Hilti.
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5.2 Staticka unosnost zavitového hirebu X-BT
5.2.1 Deformacni vlastnosti spoje se zavitovymi hreby
X-BT pri tahovém namahani

Zavislost posuvu na zatizeni u nerezovych zavitovych hiebt s tupou Spi¢kou;
Zprava €. XE_02_03; Reinhard Buhri; leden 2002.

Hodnotici zprava 5S (X-BT) spoje;

Zprava ¢. XE_02_36; Hermann Beck; ¢ervenec 2002.

© Snimac posuvu

Zakladni material ocel, tloustka 20mm, fu = 385 MPa (S235) @ Zakladni ocel
a fu = 630 MPa (S355) © X-BT-M10-24-6
Pocet spojd v ramci zkousky 11 (6 do oceli $235, 5 do oceli S355) @ Specialni matice M10

© Zatézovaci deska
Posuv [palce]

0.0 0.|02 0.|O4 0.96 0.|08 0i1 0.|12 O.|14 0.|‘I6 0.|‘I8 Oi2 N/2 N/2
15 ) ) ) ) ) ) ) ) ‘
L ——————— L3200
144~ SRR T H R R 1= Grade S235 | "~ =
A T - 3000 7}
S A | 2800 E =4
o - 2600 e
I R
I I I I | 2200
=
-2000 S
- 1800 5
N O Kfivka zavislosti posuvu na zatiZeni
- 1600 pro jeden vzorek, ktery byl vybran
\% jako reprezentant péti zkousenych
- 1400 < vzork(.
|_
- 1200
@® Krivka zavislosti posuvu na zatizeni
- 1000 pro jeden vzorek, ktery byl vybran
800 jako reprezentant Sesti zkousenych
i vzork(.
- 600
- 400
- 200
0

Posuv [mm]

Zavéry

¢ \/ysoka tuhost az po maximalni zatizeni

¢ \/yrazna odolnost proti vytrzeni i po relativné velkém posuvu

¢ \/y$S8i mezni zatizeni pfi vytrzeni s rostouci pevnosti zakladni oceli

e Staly odpor béhem vytrzeni a zavislost mezniho zatizeni pfi vytrzeni na pevnosti
zakladni oceli ukazuje na svareni upevnovaciho prvku se zakladni oceli.

Tento souhrn je pouze reprezentativnim vynatkem z provedenych zkousek. Neslouzi jako Uplnd a vycerpavajici zkusebni zprava. Pro kompletni podrobnosti o zkouskach
kontaktujte Hilti.
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kontaktujte Hilti.
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5.2.2 Pevnost pri vytrzeni spoje se zavitovymi hireby X-BT

Chovani pfi zatizeni na specialnich ocelovych konstrukcich;
Zprava ¢. XE_01_57; Reinhard Bubhri; 30. listopadu 2001.

Pevnost pfi vytrzeni nerezovych zavitovych hiebt s tupou $pi¢kou;
Zprava ¢. XE_02_23; Reinhard Bubhri; 9. dubna 2002.

Zakladni material

Ocel, tloustka 6, 8, 10, 12 a 15mm, S235 a S355

Pocet spoja v ramci zkousky

Celkem 200 (20 na kazdou kombinaci

tloustky a tridy oceli)

Mezni zatizeni pFi vytrzeni
iako funkce mezi pevnosti v tahu zakladni oceli

Mez pevnosti v tahu zékladni oceli (ksi)

. 50 60 70 80 90 100 110 120 130 140 150
T T T
| i a
3011 ens 235 | EN'S 960 i
28 1 1
EN S 355

LY S —— - /:

. s

Z

B 0

s H v

518 e g o PR

3 16 : 1, P

D

N . .

DA = e A

: i = i - .

° : [ e

10 L

[ =\ Prdmérné mezni zatizeni pii vytrzeni
| *  Charakteristické zatizeni pfi vytrzeni

I 1 I I

Mez pevnosti v tahu zakladni oceli (N/mm2)

0
400 500 600 700 800 900 1000 1100

160 170

7000
6500
6000
5500
5000
4500
4000
3500
3000
2500

Mezni zatizeni p# vytrzeni (libry)

2000
1500
1000
500

1200

Mezni zatiZzeni pfi vytrzeni jako funkce tloustky zakladni oceli
Zavitové hieby X-BT v oceli S235 (A36)

Tloustka zakladni oceli (palce)

0 0.1 62 03 04 05 06 07 0.8

10

Mezni zatizeni pii vytrzeni (kN)
~
1

14

- 500

T T T T T T 2250
T i 12000
ST S B L S FOR gy Py S (Ot S g -
0 ,% 1 T Range of 5% fractile values,| | 1750

i,i"i 11 1| Ns% in various tests 1500
T T T
e b 250
e L e
bt sy 750

- 250

e e e B
01234567 9101112131415161718192

Tloustka zakladni oceli (mm)

Zavéry
e U oceli tloustky 8mm a vyssi je 5% kvantil zatizeni pfi vytrzeni = 6 kN bez ohledu
na tfidu oceli.

e Ocel S235/A36 vykazuje niz8i hodnoty zatizeni pfi vytrzeni.
e \Vy$8i hodnoty zatizeni pfi vytrzeni vykazuje jemnozrnna termomechanicky za tepla
vélcovana ocel podle ABS a EN 10025-4 a kalena a temperovana uslechtila ocel

podle EN 10025-6.

Tento souhrn je pouze reprezentativnim vyrnatkem z provedenych zkousek. Neslouzi jako Uplna a vycerpavajici zkusebni zprava. Pro kompletni podrobnosti o zkouskach

0
0

Mezni zatizeni pii vytrzeni (libry)

Charakteristika
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5.2.3 Smykova pevnost spoje se zavitovymi hieby X-BT

Hodnotici zprava 5S spoje

Zprava ¢. XE_02_36; Hermann Beck; 4. ervence 2002.
Chovani pfi statickém smykovém zatizeni

Zprava ¢. XE_01_45; Reinhard Bubhri; 10. fijna 2001.

Zakladni material Ocel, tloustka 8 az 10mm, S235 a S355
Upevnovany material Ocel, tloustka 15mm
Pocet spojd v ramci zkousky 12 (S235) a 8 (S355)

Zavislost posuvu na zatizeni

Posuv (palce)
0 0.04 O.IOS O'|1 2 0.16 0.20

20 c : ‘ . 500
000 O Ocel S355
: KFivka zavislosti posuvu na zatizeni pro
! jeden vzorek, ktery byl vybran jako
13500 ! OV IRE R
! reprezentant osmi zkousenych vzorku.
= /3000 = ® Ocel S235
= : % Kfivka zavislosti posuvu na zatizeni pro
E 5500 ‘g jeden vzorek, ktery, byl vybrf!ln j?ko o
] N reprezentant dvanacti zkousenych vzorku.
© IS
N | N
2 12000 ¢
g ‘ g
2 >
S : £
n 'M500 »n
'H000
'+ 500
0
Posuv (mm)
Prlimérna mez pevnosti ve smyku Deformace pfi] Rezim poruchy
Vum [kN (Ibs)] Vum [mm (in)
© S355 (f, = 630MPa) 16.77 (3770.0) 2.45 (0.096) 12%selhani zakladni oceli + vytrzeni
88% lom upeviiovaciho prvku
® S235 (f, = 390MPa) 12.02 (2702.2) 2.42 (0.095) 67% selhani zakladni oceli + vytrzeni
33% lom upeviiovaciho prvku

Zavéry

e Smykova pevnost spoje roste s pevnosti zakladniho materialu.

¢ \/ pfipadé vysokopevnostni oceli (S355, Grade 50) je dominantnim rezimem
poruchy lom upeviiovaciho prvku.

e \/ pfipadé oceli nizsi pevnosti (S235, A36) je dominantnim rezimem poruchy
selhani zakladniho materialu a vytrzeni.

Tento souhrn je pouze reprezentativnim vynatkem z provedenych zkousek. Neslouzi jako Uplnd a vycerpavajici zkusebni zprava. Pro kompletni podrobnosti o zkouskach

kontaktujte Hilti.

Charakteristika
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N/2

N/2

‘Vzdélenost od okraje

5.2.4 Vliv vzdalenosti od okraje a roztece na pevnost pri
vytrzeni zavitovych hiebu X-BT

Tahové a smykové zatéZzovani v malych ocelovych nosnicich;
Zprava ¢. XE_02_39; Reinhard Buhri; 16. ¢ervence 2002.

Vliv vzdalenosti od okraje a rozteée upeviovacich prvk{ na mezni zatizeni p¥i

vytrzeni; Zprava ¢. XE_02_28; Reinhard Buhri; 23. dubna 2002.
Nerezové hieby bez Spicky;
Zprava €. XE_02_23; Reinhard Bubhri; 9. dubna 2002.

Vzdalenost od okraje

Zakladni materidl

Ocel, tloustka 8 mm, S235 (fu = 390 MPa)

Pocet spojd v ramci zkousky

Celkem 120 (20 pro kazdou vzdalenost od okraje)

Testované vzdalenosti od okraje

3,4,5,6,7,8a25mm

Postup zkousky

1) Vsadit skupiny upevnovacich prvkd v rizné vzdalenosti od okraje.

2) Vytrhnout vSechny spoje.

3) Porovnat mezni zatizeni pfi vytrzeni v rliznych skupinach s existujicimi

hodnotami mezniho zatizeni.

trzeni

Zeni pfi vy

Mezni zati

,,,,,,,,,,,,,,,,,,,,,,

‘ Mezni zatiZeni pfi vytrzeni jako funkce vzdalenosti od okraje !
. Zavitové hreby X-BT -

>

fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff

>

777777777777777777777777777777777777777777777777777777777777777777777777777777777

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

3200
3000
2800
2600
2400
2200
2000
1800
1600
400
1200
000
- 800
- 600
- 400
- 200
0

f f f f f f f f f f f f
0O 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Vzdalenost od okraje [mm]

Zavéry

e ZvySovani vzdalenosti od okraje nad 6 mm nevede ke zvySeni mezniho zatizeni pfi
vytrzeni.

e \Vzdalenost od okraje 6 mm postacuje k tomu, aby nedoslo ke snizeni
doporuc¢eného zatizeni.

Tento souhrn je pouze reprezentativnim vyrnatkem z provedenych zkousek. Neslouzi jako Uplna a vycerpavajici zkusebni zprava. Pro kompletni podrobnosti o zkouskach

kontaktujte Hilti.
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Tahové a smykové zatézovani v malych ocelovych nosnicich;

Zprava €. XE_02_39; Reinhard Buhri; 16. Cervence 2002.

Vliv vzdalenosti od okraje a rozteée upeviiovacich prvki na mezni zatizeni p¥i
vytrzeni; Zprava ¢. XE_02_28; Reinhard Buhri; 23. dubna 2002.

Nerezové hieby bez Spicky;

Zprava ¢. XE_02_23; Reinhard Buhri; 9. dubna 2002.

N/2 N/2

§ss

57

Rozte¢ upevitovacich prvki

ZZakladni material Ocel, tloustka 8mm, S235 (fu = 390 MPa)
Pocet spojd v ramci zkousky Celkem 60 (20 pro kazdou roztec) ‘ vzdalenost ‘ vzdalenost ‘
Testované vzdalenosti od okraje 15,20 a 25mm

Postup zkousky

1) Vsadit skupiny upeviiovacich prvkl s rdznou roztedi.

2) Vytrhnout vSechny spoje.

3) Porovnat mezni zatizeni pfi vytrzeni v rliznych skupinach s existujicimi
hodnotami mezniho zatizeni.

Rozte¢ (palce) 26mm =15mm

=1
0.4 015 016 017 018 019 110 111 [0.236"] [0.591" [0.5

5 mm
91"]
14 ,,,,, Mezni zatizeni pii vytrzeni jako funkce rozte¢e | | ,,,,,,,, 3200
131 Zavitové hieby X-BT | P 13000
| | | | ; | | | 2800 _ 7/‘ 4 AJ //W
‘ ‘ ‘ ‘ 2600

bry

2400 =
2200
2000
1800
1600 2
1400
1200
~1000
800
- 600
- 400
- 200

O

i vytrzen

li

Mezni zatizeni pfi vytrz

Mezni zatizen

Rozte¢ (mm)

Zavéry

e ZvySovani rozte¢e upeviiovacich prvkd nad hodnotu 15mm danou $ifkou
opérného limce pfistroje DX 351 nevede k vyraznému zvyseni mezniho zatizeni pfi
vytrzeni.

e Rozte€ 15mm postacuje k tomu, aby nedoslo ke snizeni doporu¢eného zatizeni.

Tento souhrn je pouze reprezentativnim vynatkem z provedenych zkousek. Neslouzi jako Uplnd a vycerpavajici zkusebni zprava. Pro kompletni podrobnosti o zkouskach
kontaktujte Hilti.
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5.2.5 Mechanismy drzeni zavitovych hiebt X-BT

Kotevni mechanismy upevnovaciho systému Hilti X-BT;
Rheinisch-Westfélische Technische Hochschule, Aachen (Technicka vysoka Skola
Poryni-Vestfalska, Cachy), Prof.-Ing. Wolfgang Bleck, 7. listopadu 2002.

Setieni svaru mezi nerezovym hiebem X-BT a zakladni oceli $235 a S355;
Zprava TWU-IFM 213/01, Birgit Borufka, 2001.

Chovani nerezovych hiebu bez $picky pfi zatizeni;

Zprava XE-01-05, Reinhard Buhri, bfezen 2001.

Postup Setreni

1) Zhodnoceni rozdild mezi austenitickou nerezovou oceli X-CR (odpovida ocel
X2CrNiMoNbN25-18-5-4) a konstrukénimi feritickymi ocelemi S235/S355 podle
DIN EN 10025 (podobné jako ASTM A36/A572 Grade 50)

2) VySetfeni metalografickych fezl v rizné vzdalenosti od povrchu zakladni oceli.

3) Vysetieni vytrzenych hiebd X-BT.

Rozdily mezi materidlem hiebu a materialem zakladni oceli

e Ocel CR500 je trikrat pevnéjsi nez feriticka konstrukéni ocel.

Austeniticka nerezova ocel CR500 fu = 1850MPa

Konstrukéni oceli
S235 (podle DIN EN 10025): fy = 235MPa, fy = 340 - 510MPa
S355 (podle DIN EN 10025): fy = 355MPa, fy = 470 - 630MPa

¢ Pevnost oceli X-CR je méné zavisla na rostouci teploté nez pevnost feritickych
oceli. Lze tedy dospét k zaveéru, ze rozdil v pevnosti je zachovan i pfi vsazovani
a na rozhrani zakladni oceli a hfebu se utvari novy povrch.

Zkoumani fezu Zkoumani vytrzeného zavitového hiebu X-BT

/.

N/ || Svarend oblast

K zavitovému hiebu X-BT je
stale uchycen material zakladni

oceli.

Hreb X-BT

Material zakladni oceli, ktery byl
pohybem zavitového hiebu X-BT]

i’ - v P «
+ pfi vsazovani posunut smérem
| dold.
b3
P Februar01_135 __2mm

Popis mechanismu drzeni

¢ Ukotveni hfebu X-BT v oceli vznika v dlsledku tfeni a fuze (svareni tfenim). Charakteristiky svareni tfenim: koncentrované
vyvijeni tepla, zjemnéni struktury v disledku teplotnich zmén a lehka difuse na rozhrani svafenych dilcl.

e V celém perimetru dfiku hfebu existuje jasné vymezené rozhrani.

e \/yvrtany otvor pod $pickou zavitového hiebu X-BT je utésnén.

e Rozhrani dfiku hfebu v kazdém Fezu je svafeno s materidlem zakladni oceli S235/A36 v rozmezi 55 % az 100 %.

e Rozhrani dfiku hfebu v kazdém Fezu je svareno s materialem zakladni oceli S355/Grade 50 v rozmezi 75 % az 100 %.

Tento souhrn je pouze reprezentativnim vyrnatkem z provedenych zkousek. Neslouzi jako Uplna a vycerpavajici zkusebni zprava. Pro kompletni podrobnosti o zkouskach
kontaktujte Hilti
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5.3 Korozivzdornost
5.3.1 Korozni parametry upevnéni zavitovymi hreby X-BT

Nerezovy hieb s tupou Spi¢kou a tésnici podlozkou,
Zprava ¢. XE_02_13; Reinhard Buhrl; ¢erven 2002

Korozni parametry

Zakladni material Ocel, tloustka 8mm, S235 (fu = 385 MPa)

a S355 (fu = 630 MPa)
Pocet upevnéni v ramci zkousky Celkem 120 (60 na kazdou tfidu oceli)
Test solnou mlhou 90 dnq, proveden v souladu s normou

DIN 50 021SS / ASTM G 8585

Postup zkousky

1) Provést 60 upevnéni do kazdé tfidy oceli (5235 a S355).

2) Pred provedenim testu solnou mlhou provést zkousky na vytazeni u 30 upevnéni
v kazdé tfidé oceli.

3) Po provedeni testu solnou mlhou provést zkousky na vytazeni u 30 upevnéni
v kazdé tfidé oceli.

4) Porovnat hodnoty kone¢ného zatizeni pfi poruseni vytazenim pred
a po 90dennim testu solnou mlhou pro kazdou tfidu oceli.

5) VysSetfit okoli upeviiovacich bodd po vytazeni spojovacich prvkd.

Vysledky zkousky na vytazeni u oceli tfidy S355

Konecné zatizeni pfi poruseni vytazenim [Ib]

1000
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3500
4000
6000
5000
7000
7500

o o o o o
n o 0 o n
N (] < w0 Te)

0,99
) . f

77
1
/
/

500

0,90

0,50

0,25

Teoreticky kvantil
o

Kumulovana éetnost [%]

o
Q0

0,05
-2 ®

S Provozni zkouska - vytazeni po 5 letech koroze 0,01

“e_ Referenéni hodnoty pred zkouskou

_3 i P
2 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34

Konecné zatizeni pfi poruseni vytazenim [kN]

Souhrn vysledkl zkousek na vytazeni
e Tfida oceli S235 vykazala podobné vysledky.

Tento souhrn je pouze reprezentativnim vynatkem z provedenych zkousek. Neslouzi jako Uplna a vyCerpavajici zkusebni zprava.
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Tésnici podlozka

Pfipravené zavitové hieby X-BT
po osazeni

Vyvrtané otvory po 90dennim testu
solnou mlhou a po vytazeni zavitovych
hiebl X-BT. Otvory vypadaji ¢isté

a nejsou viditelné zadné znamky
koroze.

=T

Pozorovani a posouzeni

Po 90 dnech plsobeni solné mlhy byla vySetfena spodni strana 8mm (5/16”)
ocelového plechu. Nebyla zjiSténa zadna znamka poskozeni ani koroze.

Porovnani korozivzdornosti nerezové oceli Hilti CR500 s AISI 304 a AISI 316
FMPA Baden-Wirtemberg, zprava €. VI.10.1.7c; ¢ervenec 2000

Drik vyrobeny z dusikem legované austenitické nerezové
oceli CR500

Tésnici

podlozka
z Cerného
eleastomeru

Zavitovy dfik a podlozka z oceli X2CrNiMo17132 / X5Cr-
NiMo17-12-2+2H (odpovida A4 a A316)

Potencial dilkové koroze v moiské vodé podle ASTM

mV]

—_

1200+
& 1000+
800
600
4001
2001

0-

oze

r

Potencial dilkové ki

304 316 316L  Hilti CR500

Zkouska statického potencialu provedena na tycich
a hrebicich v syntetické morské vodé podle normy
ASTM D 1141

Zaveéry ze zkousek

¢ 90denni test solnou mlhou nemél vliv na kone¢né zatiZzeni spojovacich prvkl pfi
poruseni vytazenim.

e Po 90dennim testu solnou mlhou nebyla ve vyvrtanych otvorech zjisténa zadna
koroze. Je to silny dikaz toho, Ze tésnici podlozka vytvaii G¢inné tésnéni.

e Po 90dennim testu solnou mlhou nebyly na spodni ¢asti ocelového plechu zadné
znamky koroze. To prokazuje, Ze vrtanim otvoru a zasazenim spojovaciho prvku
nedochazi k poSkozeni spodni strany.

e Ocel CR500 je minimalné stejné odolna jako AlSI tfidy 316.

Tento souhrn je pouze reprezentativnim vynatkem z provedenych zkousek. Neslouzi jako Uplnd a vycerpavajici zkusebni zprava.
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5.3.2 Kontaktni (galvanicka) koroze - nerezové hieby X-BT
v uhlikové oceli

Korozni chovani hiebd X-BT

Zprava ¢. VI.10.1.7; FMPA Stuttgart; kvéten 1994

Korozni chovani nerezovych spojovacich prvkd DX v uhlikové oceli
G. Felder a M. Siemens, Schaan, zari 2005

VSeobecné poznamky

PUsobi-li stejné médium na dva materialy s rliznou elektronovou afinitou (polarnosti)
v pfimém elektrickém kontaktu, dochazi k akceleraci koroze elektrochemicky méné
uslechtilého materidlu v mist& kontaktu s materidlem uslechtilejsim. Ubytek
uslechtilejSiho materidlu je omezen, zatimco ploSny ubytek méné uslechtilého
materidlu je rychlejsi. Pfedpokladem tohoto typu koroze je elektricky vodivé spojeni
mezi dvojici materiald.

Zda kontaktni koroze skute¢né nastane, zavisi také na poméru ploch.

Je-li plocha méné uslechtilého materialu (1) vétsi nez plocha materialu
uslechtilejSiho (2), bude druhy zminény fungovat jako velmi mala katoda, pficemz
proudova hustota v méné uslechtilém materialu ,,velké anody“ bude velmi mala.
Vlivem elektrochemickych jevl pak bude dochéazet jen k velmi pomalé korozi méné
uslechtilého materialu.

N

Material 1 Material

S B
——
SRS
Pokud je v8ak plocha méné uslechtilého materialu (1) mensi nez plocha materialu Material 1 Material 2

uslechtilejSiho (2), bude rychlost koroze méné uslechtilého materialu velice vysoka.

Hreby Hilti X-BT v uhlikové oceli

PFi pouziti nerezovych oceli nepredstavuje kontaktni koroze problém. Nerezové
oceli lezi v galvanické fadé vysoko, tzn. jsou uslechtilejSi nez vétSina bézné
pouzivanych materiald jako je hlinik, zinek nebo bézna ocel. Nerezova ocel proto
v kontaktu s témito materidly té€zi z katodové ochrany. Kontakt ma viastné

na korozni vlastnosti nerezovych oceli pfiznivy vliv.

V disledku vyse popsaného elektrochemického jevu vnasi uslechtily spojovaci
prvek z nerezové oceli do méneé uslechtilého zakladniho materialu a spojovaného
materidlu jen pomalou, pfipadné dokonce vibec zadnou korozi. Toto chovani
potvrdila fada testl solnou mlhou a dlouhodobych zkou$ek s expozici morské vodé
v oblasti pfilivu na jednom z ostrovll v Severnim mofi.

V zadném z téchto testll nedoslo ke korozi. Stav vzorku po sedmi letech plsobeni
morské vody je zndzornén na obrazku vlevo. V kotevni oblasti hfebu X-BT nebyly
zjistény zadné znamky koroze. Tésnéni zUstalo pIné funk&ni, neni pfitomen zadny
elektrolyt a kontaktni koroze tak necini zadny problém.

Zakladni ocel po sedmi letech pUsobeni
morské vody a vytazeni hifebu X-BT.
Otvor vypada Cisty a nejsou viditelné
zadné znamky koroze.

Tento souhrn je pouze reprezentativnim vynatkem z provedenych zkousek. Neslouzi jako Uplna a vyCerpavajici zkusebni zprava.

Charakteristika strana 27



¢ 8 vzorkUl ve stojanu pro atmosférické
korozni zkousky v souladu s normou
ISO 8565.

¢ 16 vzork( ve stojanu pro korozni
zkousky v morské vodé v oblasti
dopadu vin a oblasti pfilivu v souladu
s normou ISO 11306

Stojan pro zkous$ky v morské atmosfére

s osazenymi vzorky hieb X-BT.

Stojan pro zkousky v morské vodé
s osazenymi vzorky (hfeby X-BT bez
talitd X-FCM).
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5.3.3 Korozni parametry zjiSténé na zakladé provoznich
zkousek na ostrové Helgoland (Severni more)

Odborné posouzeni korozivzdornosti hiebd Hilti X-BT v moiské atmosfére

a v morské vodé
9004742000 ZG/Bf;MPA, Univerzita Stuttgart; cervenec 2009

Pouzity zkusSebni material

Zakladni material Ocel S235 (fu = 439 MPa), tloustka 8mm
Pocet vzorka 24 ocelovych plechd, kazdy s 18 hieby X-BT
Postup zkousky

ZkusSebni vzorky byly osazeny v kvétnu 20083. Vzorky k posouzeni byly odebirany
z jednotlivych oblasti v ervnu 2004, Eervnu 2005, kvétnu 2008 a ¢ervnu 2010.

Mikroskopické a metalurgické zkoumani za U¢elem posouzeni koroze proved! Ustav
MPA pfi Univerzité Stuttgart. ZkouSky pevnosti v tahu provedla spole¢nost Hilti pod
dohledem ustavu MPA..

Vysledky zkousek

Zkusebni vzorky po sedmi letech pdsobeni mofské vody v pfilivové oblasti Severniho
more. Na hfebech X-BT a kotoucich X-FCM nejsou viditelné zadné znamky koroze.
Na kotoucich X-FCM Ize pozorovat pouze nepatrné zabarveni od Usad.

Zavéry

¢ Po sedmi letech plsobeni morské vody nebyla na hifebech X-BT zji§téna zadna
koroze.

¢ Po sedmi letech plisobeni mofské vody nebyla na kotoucich X-FCM zjisténa
zadna koroze.

® Po sedmi letech plsobeni mofské vody nebyla na vyvrtanych otvorech zjisténa
74dna koroze. Je to silny diikaz toho, Ze tésnici podlozka vytvafi u¢inné tésnéni.

e Provozni zkousky neovlivnily pevnost spojovacich prvki pfi poruseni vytazenim.
Zatizeni pfi poruseni vytazenim dosazené pfi monitorovacich zkouskach v ¢ervnu
2008 ¢inilo 8,6 kN, v roce 2008 pak 10,5 kN.

Na zakladé vyse popsanych dlouhodobych zkousek, které proved| Ustav MPA,
dosla Univerzita Stuttgart (Odborné posouzeni 9004742000 ZG/Bf) k nasledujicimu

zaveéru:

Z hlediska koroze Ize u systému Hilti X-BT predpokladat zivotnost vice
nez 20 let, a to i za podminek pfitomnosti chloridd.

Z&kladni ocel po sedmi letech plsobeni mofské vody a vytazeni hiebu X-BT. Otvor
vypada Cisty a nejsou viditelné zadné znamky koroze.

Charakteristika
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5.4 Vliv spoje se zavitovymi hireby X-BT na zakladni
material - ocel

Experimentalni Setfeni vlivu hiebl X-BT na statickou pevnost zakladniho ma-
terialu — konstrukéni oceli

Zprava ¢. XE_02_27; Hermann Beck; 17. ¢ervna 2002

Experimentalni Setfeni vlivu hiebt X-BT na unavovou pevnost zakladniho ma-
terialu - konstrukéni oceli

Zprava ¢. 2010-57X; Prof. U. Kuhimann a H. P. Glinther z Univerzity Stuttgart:
Unavova klasifikace konstrukéniho detailu ,,Zakladni material — konstrukéni ocel —
s hfebem Hilti X-BT vsazovanym pomoci pfistroje s prachovym pohonem* v soula-
du s normou Eurocode 3, ¢asti 1 -9 (EN 1993-1-9), (2010)

Zpravy EMPA ¢. 453'150/1e, 453'150/2e, 453°'150/3e, 455°377/e

Svycarské federalni laboratore pro materidlové zkousky a vyzkum[Swiss Federal
Laboratories for Material Testing and Research] (2010)

Zprava Hilti FSRL ¢. TWU-FSRL-13/09

Vyzkumné laboratofe upevriovacich systémi[Fastening System Research Laborato-
ries] (2010)

Zakladni material (statické zkousky): Ocel, 8 a 10mm, S235 a S355
Zakladni material (Unavové zkousky): Ocel, 8, 20 a 40mm, S235, S355,

S460M, S460G4+M
Pocet spojl v ramci zkousky: 48 pro staticky tah a 191

pro unavoveé zkousky

Zavislost deformace na zatizeni u oceli s hreby X-BT
Hodnoceno pomoci tahovych zkousek s hieby X-BT (XE_02_07)

Diagram napéti-deformace
Ocelové plechy s hieby X-BT a bez nich

Rada C: S 235 JRG2,t = 10 mm (0,394 palce)
500 —mmmMm —————
N Al
50—t
400 e [0
N350--+-, ””’i’”"”i S ”i”i’ =Kontrolni vzorek ’:’”: ”i’”—SO —
€300 /-4t -+ L2
. | | | | == Jeden hteb X-BT | | 40 —
Z 250tk SRR
2 2004 -- I | —Dvahieby X-BT |1 | I 30 &
8 | ! ! Lo >
S50+ _\J/ett:lreizrgnhFebX-BT*}***}***}***_ZO
100 -—--4--s-mtmo i Y
50\ st ot = 45 e (1177 )| 0
oA o
0 24 6 810121416182022242628303234363840
Deformace (%)
Zavéry

¢ \Velmi vysokou Ucinnost Cistého prifezu, kterd byla pozorovana pfi upevnéni
prachem pohanénym pfistrojem Hilti DX, vykazuji rovnéz plechy s hreby X-BT.

¢ Pfi ndvrhu tahem zatéZovanych nosnikd z konstrukéni oceli obecné neni tireba
zohlednovat pfitomnost hieb( X-BT.

o V pfipadé extrémné vysoké koncentrace hiebl (Cista plocha < 92 % hrubé plochy)
vede aplikace pravidel navrhu AISC-LRFD nebo Eurocode 3 pro vrtané otvory
ke konzervativnim vysledkdm.

Tento souhrn je pouze reprezentativnim vynatkem z provedenych zkousek. Neslouzi jako Uplna a vyCerpavajici zkusebni zprava. Pro kompletni podrobnosti o zkouskach kon-

taktujte Hilti.
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Unavova klasifikace konstrukéniho detailu ,,Zakladni
material - konstrukéni ocel - s hfrebem Hilti X-BT vsazo-
vanym pomoci pristroje s prachovym pohonem* v souladu
s normou Eurocode 3, ¢asti 1 - 9 (EN 1993-1-9)

V letech 2009 az 2010 byl v laboratofich EMPA (Svycarské federaini laboratore pro
materidlové zkousky a vyzkum) a Hilti FSRL (Vyzkumné laboratore upevriovacich
systémU) realizovan komplexni program Unavovych zkousek s konstantni amplitu-
dou na vzorcich plechu s hieby X-BT.

Graf znazoriuje ukazku vysledkl 500
zkousky s nasledujicimi parametry: - " | Hilti X-BT
Ocel: T i
Ttida S460G4+M pro pouziti na volném £ 3w A—
mof¥i podle EN 10225, tloustka 40 mm % i
Pomér napéti R = 0,5 :‘3 i |
g &
c .. ! 1
E e 1 * ﬁ |
B |
> 100 bbb A *\ ¢ | Kategorie
3 # Spravna montaz \.‘_ detailu
2 o Monts? a vytrzeni \ 100m =5
E # Pfedvrtany otvor N 90m =3
/% Extrémni vyboceni |
50 L L LUl N
10.000 100,000 1.000.000 10.000,000

Pocet cykll N [-]

Vysledek unavové klasifikace shrnuje nasledujici tabulka prevzata z odborného po-
sudku Prof. U. Kuhimanna a H. P. Glinthera z Univerzity Stuttgart (Zprava ¢. 2010-

057X).
Kngﬁ:e Konstrukéni detail Popis Pozadavky
Hreb Hilti X-BT vsazovany pomoci Ao je tfeba vypocitat podle hrubého prifezu.
90 pfistroje s prachovym pohonem Montaz, statické zatéZovani a rozte¢ htebd musi byt
m=3 do predvrtaného otvoru v zékladnim v souladu s pozadavky uvedenymi v [1] nebo [2].
e materidlu — konstrukéni oceli. Tloustka plechu t = 8mm.
Pokryty jsou rovnéz situace s nedokon- PFi pouziti postupu hodnoceni Unavovych vlastnosti
alou montazi hiebl, napfiklad vytrzené na zakladé vypoctu linearniho poskozeni neni povo-
':100*5 hfeby nebo predvrtané otvory bez hiebl. | lena kombinace dvou danych kategorii detaild.
* Kategorie detailu 100 se strmosti m = 5 se doporucuje pro velmi vysoky pocet cykll zatizeni, protoZe Iépe odpovida tinavovému limitu s konstantni amplitudou
5 milion0 cykId.
[1] Zavitovy hieb Hilti X-BT. Sanon specifikaci (Specification Binder), vydani 07/2003 a 12/2010.
[2] Priruc¢ka techniky pfimé montaZze Hilti (Hilti Direct Fastening Technology Manual), vydani 11/2009 str. 2.119 - 2.124.

Zavéry

e Klasifikace zahrnuje tfidy konstrukéni oceli S235 az S460 podle EN 10025-2, EN
10025-3, EN 10025-4 a EN 10225, véetné normaliza¢né Zihané termomechanicky
vélcované jemnozrnné oceli.

e Kategorie detailu X-BT pfekonava kategorii detailu pfivafovanych svornik( (80, m)

¢ \/ porovnani s konstrukénimi detaily, které se obvykle vyskytuji u svafovanych
konstrukci, je uc€inek hifebu X-BT obvykle méné Skodlivy nez svarované detaily.

e V/ysledky zkousek jsou v dobré shodé s vlivem upeviiovacich prvkd Hilti DX
vsazovanych do oceli pomoci pfistrojii s prachovym pohonem bez predvrtavani
otvord.

V soucasné dobé probiha implementace Unavové klasifikace do schvaleni (viz
odstavec 3.1.3) hiebl X-BT.

Tento souhrn je pouze reprezentativnim vynatkem z provedenych zkousek. Neslouzi jako Uplna a vyCerpavajici zkusebni zprava. Pro kompletni podrobnosti o zkouskach kon-
taktujte Hilti
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5.5 Vliv vibraci na spoj se zavitovymi hireby X-BT

Experimentalni Setfeni vlivu vibraci zakladniho kovu na mezni zatizeni pri
vytrzeni
Zprava ¢. XE_02_09; Hermann Beck; 19. ¢ervna 2002

Zakladni material Ocel, S235
Profil nosniku Profil HE-A, pas 9 mm, stojina 6 mm
Postup zkousky: Nosnik zatézovan ve stfedu

O Tlaceny pas

F =155v, Fyin = 33 kN
max min ® Tazeny pas

Frekvence = 6 Hz
Podet cykld = 2 miliény
Pocet spoju: 210 hiebl X-BT, nékteré s drzaky X-FCM-R

Ultimate pull-out of X-BT fasteners before and after cyclic loading of the
steel beam

Hieby X-BT na plo$e pororostt

= >
<9 - 2000 § ® Znacky pro méfeni otaceni
=8 @sll 4750 E kotoudovych drzakd
(7 & ) S )y R SR iy EEEEE——
:g = B — 1500 >GE) I Tlaceny pas
TN ImIm R 7 0 o 4250 >
,; 5 - L] O B > | Tazeny pas
s 1000 5
=4 -t - APt br-t 1 — | — Kontrolni vzorek
G 3 - 750 €
I T Y I Y A N 9
s B N
g2 R 2o © 7,33 = mezni zatizeni pfi vytrzeni
E PR 2o° 'z u vzorku pted plsobenim napéti (kon-
§ 0139746537 61768775 82790797 104" ) trolni vzorek). Vzhledem k poloze lisu
5.7 6.7 7.7 88 9.910.911.913.114.115.1 z neby|a provédéna zadna méreni
Rozkmit napéti Ao [N/mm?] v zakladnim kovu na tlateném péasu v oblasti vysokého
[ksi] napéti.
Hieby X-BT na plo$e pororostt
>
10 2250 §
9—————T——;——f—————_——f——;—m;;m—;m-zooo -
8T8l B HTs0 ©
O >N v .oz
ST TR TR TR TR e 5 2™
: 11250 _; [ Tazeny péas
4 4 o _ | __ . 1000 g — Kontrolni vzorek
s B BEL R B B B 750 8
24 B B B B B BErseo &
14 I - - . - -+ 250 —
N
0
0738 Ta9 "59 "70 "8 ' 82 =

55 741 86 102 11.7 11.9 7,33 = mezni zatizeni pfi vytrzeni

Rezlemit nanati A - INVMM2] i aAnim Lo u vzorku pFed plisobenim napéti
(kontrolni vzorek).
Zavéry
¢ Cyklické zatézovani ocelovych nosnik(, které vede k plsobeni vibraci na hieb, ma
na mezni pevnost pfi vytrzeni zavitovych hiebl X-BT pouze zanedbatelny vliv.
¢ Cyklické zatéZovani ocelovych nosnikd, které vede k plsobeni vibraci na hreb,
nezpUsobuje povoleni drzaku pororostti FCM-R.

Tento souhrn je pouze reprezentativnim vynatkem z provedenych zkousek. Neslouzi jako Uplna a vyCerpavajici zkusebni zprava. Pro kompletni podrobnosti o zkouskach kon-
taktujte Hilti.
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5.6 Teplotni odolnost spoje se zavitovymi hireby X-BT

Prirucka techniky pfimé montaze Hilti (Hilti Direct Fastening Technology Man-
ual), vydani 11/2009
Zprava ¢. XE_07_08; R. Buhri; prosinec 2007

Teplotni odolnost upeviovaciho systému Hilti X-BT je dana:
e teplotni odolnosti hiebu,

e odolnosti ukotveni hfebu X-BT v zakladni oceli,

e vlivem teploty na korozivzdornost hiebu,

e teplotni odolnosti tésnici podlozky SN12-R.

Teplotni odolnost materialu hrebu X-BT

1200 . 1200 . .
'\,I\ R '\L <Fon
1000 |m—Priim. 1'000 e PrUImM.

S T
o o
= = = =
5 - Min. 5 - Min.
% =)
e

£ - (=
2] (2]
2 e Q
g g
c Q2 w0
> >
8 8
N - o ™
[0} (0]
= =

L} o

o 100 200 300 400 S00 600  TOO 0 100 200 300 400 S00 600 70O

Teplota [°C] Teplota [°C]

Zkousky v laboratofi EMPA (Svycarska fed- Zkousky v japonskeé laboratofi JTICM
eralni laboratof pro materialové zkousky)

PFi teploté 600 °C zbyva materialu X-BT pouze asi 64 % vychozi pevnosti pfi 20 °C.
Naproti tomu konstrukéni ocel ma pfi této teploté jiz pouze 26% pevnost.

Pfi minimalni pevnosti v tahu f, = 1850 N/mm? Cini kone€na pevnost v tahu hifebu
X-BT pfi teploté 600 °C priblizné 18,8 kN.

Teplotni odolnost ukotveni hrebu X-BT v oceli

Material zakladni oceli: Trida Tloustka [mm] Pevnost Rm [MPa]
S 235 8 455
EH 36 8 536

Usporadani zkousky na vytrzeni

-

Napinaci valec na peci Hreb X-BT v 8,0mm zakladnim plechuv Otevfena komora pece

Tento souhrn je pouze reprezentativnim vynatkem z provedenych zkousek. Neslouzi jako Uplna a vyCerpavajici zkusebni zprava. Pro kompletni podrobnosti o zkouskach kon-
taktujte Hilti.
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P¥i teploté 600 °C odpovida pevnost hiebu X-BT pfi vytrzeni asi 71 % vychozi
pevnosti pfi 20 °C v oceli S235, resp. asi 85 % v oceli EH 36.
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Pri nizké teploté se pevnost pfi vytrzeni v porovnani s pokojovou teplotou zvysuje.

Zaveéry

e Pevnost hifebu X-BT a jeho ukotveni v materidlu zakladni oceli neni omezujicim
faktorem systému pfi extrémnich okolnich teplotach.

e Korozivzdornost hfebu X-BT je ovéfena az do teploty +300 °C.

e Tésnici funkce podlozky SN12-R je ovérena az do teploty +100 °C

Tento souhrn je pouze reprezentativnim vynatkem z provedenych zkousek. Neslouzi jako Uplnd a vycerpavajici zkusebni zprava. Pro kompletni podrobnosti o zkouskach kon-
taktujte Hilti.
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5.7 Pouziti zavitového hrebu X-BT v ochrannych
uzemnovacich a kostricich obvodech a pro ochranu pred
bleskem

Zkusebni zprava &. 09-1K-0208.32V2_e; Electrosuisse, Fehraltorf, Svycarsko,
kvéten 2010

Zku$ebni zprava ¢. CF-791; Dehn und S6hne GmbH, Neumarkt, Némecko,
bfezen 2006

- Zkusebni zprava &. 70064671; Zkusebni centrum TUV, Frankfurt, Némecko,
Usporadani zkousky s jednim hfebem brezen 2004

5.7.1 Ochranné uzemnovaci a kostrici obvody
Podle normy IEC 60947-7-2 musi svorka vydrzet kratkodoby (prochazejici po dobu
1 sekundy) proud, jehoz hodnotu udava nasleduijici vzorec:

ltest = Agapje [MM? x 120 [A/mm?] Hreby X-BT M10-24-6 SN12-R
X-BT M6-24-6 SN12-R
Acable — i€ priifez pfipojeného vodice, Material h¥ebu Hilti CR500, EN 10088-3 (1.4462) a Hilti HCR (1.4529)
doba prichodu 1 sekunda Zakladni materidl Natfené ocelové plechy, tloustka 8 mm
N . Doba : Odpovidajici vodi¢
Usporadani spojovaciho bod Proud Vysledek
P | spojovacl u u pricchodu | 7 (podie EN 60439-1 a EN 60204-1)
1215 A 1s Uspéch 10 mm? méd’
// M . 1400 A 1s Uspéch 10 mm?2 méd’
Jeden hreb
1920 A 1s Uspéch 10 mm? méd
2240 A 1s Uspéch 10 mm? méd’
Dva hreby

Tento souhrn je pouze reprezentativnim vynatkem z provedenych zkousek. Neslouzi jako Uplnd a vycerpavajici zkusebni zprava. Pro kompletni podrobnosti o zkouskach kon-
taktujte Hilti
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5.7.2 Externi ochrana pred bleskem

Zkous$ky ochrany pfed bleskem byly provedeny v souladu s evropskou normou EN
50164-1, Sou&asti ochrany pred bleskem (LPC), Cést 1: Pozadavky na spojovaci
soucasti.

Usporadani zkousky hfebu X-BT se Usporadani zkousky hfebu X-BT
dvéma maticemi s kabelovym okem

Usporadani Trida | Doba
spojovaciho bodu zkousky max pruchodu

(L L[] /™ |x.BT M10-24-6 SN12-R
3 kabel uchycen N 50kA | tg=2ms
@ Vmezi dvé matice

X-BT M10-24-6 SN12-R
ﬁ X-BT W10-24-6 SN12-R

7% kabel pfimo na
zakladnim materialu

H 100kA | tg<2ms

Zavéry

e Maximalni priifez vodi¢e pfipojeného pomoci hiebu X-BT a dvou matic ve funkci
spojovaciho bodu v ramci zafizeni ochranného uzemnéni nebo ukostreni:
- v usporadani s jednim hiebem: médény vodi¢ prifezu 10 mm2
- v usporadani se dvéma hreby: médény vodi¢ prifezu 16 mm2

e Hieb X-BT a dvé matice ve funkci spojovaciho bodu pro systémy externi ochrany
pred bleskem splnuji klasifikaci:
- ZkusSebni tfida N
- Maximalni proud 50 kA

e Hreb X-BT jako upevnovaci prvek pro kabelové oko ve funkci spojovaciho bodu
pro systémy externi ochrany pred bleskem splfiuje klasifikaci:
- Zku$ebni tfida H
- Maximalni proud 100 kA

¢ \VSechny zkousky prokazaly, ze schopnost hfebu X-BT prenaset elektricky proud
zajiStuje dfik bez zavislosti na prliméru zavitu. Elektrické schopnosti hiebd X-BT
M6, X-BT W6, X-BT M8, X-BT M10 a X-BT W10 jsou tudiz shodné.

Tento souhrn je pouze reprezentativnim vynatkem z provedenych zkousek. Neslouzi jako Uplna a vyCerpavajici zkusebni zprava. Pro kompletni podrobnosti o zkouskach kon-
taktujte Hilti.
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5.8 Hreb X-BT v nerezovém zakladnim materialu

Interni zprava Hilti XE_07_26; Reinhard Buhri; 21.5.2007

Nerezova ocel je velice tvrda, takze technika vrtani se lisi od konstrukéni oceli, tedy
materidlu, pro ktery je systém X-BT optimalizovan. Samotné vsazovani hfebu X-BT

do nerezové oceli nepredstavuje problém, rozhoduijici je pravé vrtani.

ZkusSebni material a podminky

Typ vrtaku Standardni vrtak s dorazem TX-BT 4/7

Dva specialni vrtaky s dorazem do nerezové oceli

Type of stainless steel material: Oznaceni materialu:

1.4401, 1.4462, 1.4529, 1.4539

Postup vrtani: Za mokra nebo za sucha

Pocet zkousek: 495 vrtani s 28 vrtaky

Podminky: Ruéni obsluha, odpovidajici standardni obsluze
Vysledky

e U v8ech zkouSenych nerezovych oceli poskytoval standardni vrtak TX-BT 4/7
lepsi vysledky nez specialni vrtaky.

e Chlazeni vrtaku nevede k lepSim vysledkdm.

¢ \/zhledem k dlouhému ¢asu vrtani je doporu¢eno pouzivat elektrickou vrtacku
napajenou ze sité.

¢ Nejlepsich vysledkl je dosazeno s vrtaci soupravou napdjenou ze sité a nas-
tavenou na otacky 1000 ot./min.

¢ Pro dosazeni uspokojivého vrtaciho vykonu je tfeba vyvinout na vrtak daleko
vysSi tlak.

e Jednim vrtakem TX-BT 4/7 Ize vyvrtat pfiblizné 25 az 35 otvord.

e Charakteristické zatizeni pfi vytrzeni je v rozmezi 8 kN az 16 kN, coz zajistuje
adekvatni koeficient bezpeénosti pro doporu¢ena zatiZeni.

Doporuceni
Pro upeviiovani s hieby X-BT do nerezové oceli doporucujeme pouzivat stan-
dardni vrtak TX-BT 4/7 a elektrickou vrtacku napajenou ze sité (ne akumulatoro-
vou) nastavenou na otacky 1000 ot./min. Vhodné jsou nasledujici modely:

e Hilti SR 16

e Hilti UH 650

Tento souhrn je pouze reprezentativnim vynatkem z provedenych zkousek. Neslouzi jako Uplna a vyCerpavajici zkusebni zprava. Pro kompletni podrobnosti o zkouskach kon-

taktujte Hilti.
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5.9 Hreb X-BT za podminek sokového namahani

Sokové zkousky hieb(l X-BT a systému profildi MQ pro upeviiovani elektrickych
kabell a potrubf jsou popsany v téchto dokumentech:

OsvédcCeni o zkousce ¢. QUINETIQ/CMS/TC040089

QinetiQ Shock Test Laboratory, 15.1.2004

Zprava ¢. 2004-CMC-R017, TNO Delft, Nizozemsko, 29.5.2005

Zkousky upevnéni mechanickych a elektrickych zafizeni pomoci profilll MQ a hiebl
X-BT za podminek Sokového namahani.

e Potrubi malého prdfezu

¢ \/ysokonapétové kabelové trasy

Usporadani zkousky: dva zakladni ple-
chy byly osazeny profilem MQ
upevnénym pomoci hiebd X-BT.
Zakladni plechy byly pevné uchyceny
k dvoutunovému stroji pro Sokové
zkousky.

o T-profily pro upevnéni vysokonapétovych kabell
e Elektricka vedeni s kabelovymi kosi
e Elektricka vedeni s kabelovymi lavkami

VsSechny aplikace byly testovany s u¢innym zrychlenim 1844 m/s? ve tfech pra-
vouhlych osach, tj. ve vodorovném (podélném a pficném) a svislém sméru. V jiné
zkouSce byly hifeby X-BT nesouci hmotnost 3kg osazeny na zafizeni pro razové
zkousky a otestovany s maximalnim uc¢innym zrychlenim 4905 m/s2.

Vysledky zkousek

o Systém profild, hfeby X-BT i upevnéna zafizeni zlstaly ve v8ech pfipadech
zachyceny.

e Zku$ebni U¢inné zrychleni 1844 m/s? odpovida razovému zatizeni 188 G.

e Hreby s upevnénou hmotnosti 3kg odolaly Sokovému zatizeni 200G ve vodoro-
vném (smykovém) sméru, resp. 500G v podélném (tahovém) sméru.

Tento souhrn je pouze reprezentativnim vynatkem z provedenych zkousek. Neslouzi jako Uplna a vyCerpavajici zkusebni zprava. Pro kompletni podrobnosti o zkouskach kon-
taktujte Hilti.
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5.10 Hreb X-BT v oceli tenc¢i nez 8mm
5.10.1 Odolnost proti vytrzeni v tenké oceli

Chovani pfi zatizeni u specialnich ocelovych konstrukci;

Zprava ¢. XE_01_57; Reinhard Buhri; 30. 11. 2001.

Pevnost pfi vytrzeni nerezovych zavitovych hi¥ebt s tupou $pickou;
Zprava €. XE_02_23; Reinhard Buhri; 9. 4. 2002.

Charakteristicka odolnost proti vytrzeni zavitovych hiebl X-BT je bilinearni funkci
tloustky zakladni oceli, viz odstavec 6.2.2. Pro potreby vypoctu redukéniho
soucinitele odolnosti spoje s hfebem X-BT v oceli ten¢i nez 6 mm Ize z tohoto grafu
odvodit linearni funkci.

ti-2
Redukéni soucinitel: a = "T ; kde 1, : = je tloustka zakladni oceli

dmm <t < 8mm

Odstavec 6.2.2 rovnéz obsahuje graf zavislosti zatizeni pfi vytrzeni na mezi pevnos-
ti v tahu zékladni oceli. Redukovana zatizeni pro rizné tfidy oceli Ize pak vypocitat
takto:

A) Redukované charakteristické Ngkreda = 6.0 kN - o pro ocel S235 (A36)

zatizeni: Ngk,red = 7.6 kN - o pro ocel S355 (A572 jakost 50)
B) Redukované doporucené zatizeni: Nrecred = Nrec + 00 pro ocel S235 (A36)
Priklad

V pfipadé tloustky zakladni oceli 6 mm plati nasledujici doporucena zatizeni
vyuzivajici globalni koeficienty bezpe&nosti Hilti:

Ocel S235/ ASTM A36: Nrece = 1.8 - (6-2)/6 = 1.2 kN
Ocel S355 / grade 50: Nrecs = 2.3 - (6-2)/6 = 1.5 kN

5.10.2 Smykova unosnost v tenké oceli

e Pevnost v tahu a ve smyku v tenké oceli
Zprava ¢. XE-02-39, R. Buhri; 16.7.2002

e Unosnost v oceli tloustky 4 a? 6mm
Zprava ¢. XE-02-68, R. Buhri; 31.10.2002

* Smykova pevnost nerezovych zavitovych hiebl s tupou $pickou
Zprava €. XE-01-45, R. Buhri; 10.10.2001

e Ovérené zkousky ABS ¢. MF 349780

Porovnani vysledkl smykovych zkou$ek pro tloustky oceli 6mm, 8mm, 10mm

a 20mm ukazuje, Ze tloustka zakladniho materidlu nema na unosnost hiebu X-BT
zadny vliv. ReZim poruchy a niZze uvedené vysledky zkouSek vedou k zavéru, Zze
totéZ plati i pro tenkou ocel s t, = 4,6 mm, kdy tloustka odpovida stfedni hloubce
ukotveni hfebu X-BT.

Tento souhrn je pouze reprezentativnim vynatkem z provedenych zkousek. Neslouzi jako Uplna a vyCerpavajici zkusebni zprava. Pro kompletni podrobnosti o zkouskach kon-
taktujte Hilti.
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Smykova zatizeni hfebu X-BT v oceli S235
18 -
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0 2 4 6 8 10 12 14 16 18 20 22
Tloustka oceli [mm]

Pfi ryze smykovém zatéZovani je rezimem poruchy hiebl X-BT plasticka deformace
zdakladni oceli a také plasticka deformace samotného hrebu, jak ilustruji nasledujici
obrazky:

Plasticka deformace zakladni oceli Plasticka deformace hrebu X-BT

5.10.3 Elektricka vodivost hrebu X-BT v tenké oceli

Snizeni tloustky zakladniho materialu na 6 mm zachovava stejnou plochu kontaktu
mezi dfikem hfebu a zakladnim materialem jako 8mm ocel (viz vykres). Hloubka
ukotveni hiebu je v rozmezi 4,5 az 5,6 mm.

Vzhledem k tomu, ze zakladnim parametrem elektrické vodivosti je plocha kontaktu
mezi zakladni oceli a htebem X-BT, nelze v 6mm zakladni oceli o¢ekavat snizeni
elektrické vodivosti.

Je tfeba poznamenat, ze na zakladni oceli ten¢i nez 8 mm nebyly provadény zadné
zkous$ky elektrické vodivosti. VySe uvedené prohlaeni je zaloZzeno pouze
na inzenyrském usudku.

Obecna poznamka
V pfipadé zakladni oceli ten¢i nez 8 mm jiz nelze zarudit, Ze zlstane nedotéena an-
tikorozni ochrana na proté;jsi strané plechu.

6 mm

8 mm

Tento souhrn je pouze reprezentativnim vynatkem z provedenych zkousek. Neslouzi jako Uplna a vyCerpavajici zkusebni zprava. Pro kompletni podrobnosti o zkouskach kon-

taktujte Hilti.
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5.11 Chemicka odolnost tésnici podlozky SN 12
(Tésnici podlozka hfebu X-BT)

Objemové nabobtnani

Chemikalie <20%  20-40% >40-60% 60-80% >80-100% >100%
1. Voda pfi 80 °C |
2. Morska voda ]
3. Chlorid zine¢naty 10 % [ ]
4. Chlorid sodny 15 % |
5. Kyselina chlorovodikova 10 % [ ]
6. Kyselina octova [ ]
7. Akrylonitril |
8. Anilin ]
9. n-butylacetat |
10. Dietyléter ]
11. Etanol ]
12. Glycerol [ ]
13. n-hexan ]
14. Metanol ]
15. Metyletylketon |
16. Nitrobenzen n
17. 1-propanol u
18. Olej (ASTM-1) pfi 80 °C [ |
19. Olej (ASTM-2) pfi 80 °C n
20. Olej (ASTM-3) pfi 80 °C |
21. Referencni palivo B (isooktan/toluen, 70/30) [ ]
22. Referencni palivo C (isooktan/toluen, 50/50) |
23. Hydraulicka brzdova kapalina |
24. Hydraulicka brzdova kapalina pti 100 °C [ ]
25. Nemrznouci smés (etylenglykol/voda, 50/50) pri 125 °C u
Material: 3.1107 Elastomer: UV odolnost a odolnost vici ozonu Rozpéti teplot: -40°C az +100°C

Objemové nabobtnani je reakce materidlu podlozky na kontakt s rlznymi latkami. Pouziva se jako parametr pfi popisu chem-
ické reakce.

Soucinitel nabobtnani naznacuje chovani materialu, nicméné samotné nabobtnani nemusi vést ke ztraté tésnicich schopnosti.
S namontovanym hfebem je podlozka vzdy pfitlacena k zakladni oceli.

Neexistuji-li zvlastni pozadavky, Ize prohlasit, Ze podlozka odolava vSem latkam, s nimiz nedochazi k objemovému nabobtnani
nad 20 az 40 procent.
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5.12 Bezpecnostni list tésnici podlozky SN12 podle ISO/
DIS 11014

5.12.1 Identifikace latky

Podrobnosti o produktu

Obchodni nazev: deska 2,0 x 650 x 50,000 mm OE 3.1107

Pouziti latky nebo pfipravku: pryzova smés

Vyrobce / dodavatel:

PHOENIX CBS GmbH, Hannoversche Strasse 88, D-21079 Hamburg
Oddéleni poskytujici informace:

Conseo GmbH Abteilung Umweltschutz, Hannoversche Strasse 88,
D-21079 Hamburg, 040 32809 2794

Nouzové telefonni ¢islo:

0049(0)40 7667 2233

5.12.2 Slozeni nebo informace o slozkach

Chemicka charakteristika
Popis: smés nize uvedenych latek s bezrizikovymi pfisadami.

Nebezpecné slozky

117-81-7 bis(2-ethylhexyl) phthalate T; R 60-61 2.5-10%
1309-48-4 magnesium oxide 2.5-10%
1314-13-2  zinc oxide 2.5-10%
68953-84-4 N,N'-Diaryl-p-phenylendiamine  [%] Xi, [ N; R 43-50/53 <1.0%
97-39-2 1,3-di-o-tolylguanidine T;R25 <1.0%

Dalsi informace: PIna znéni rizikovych vét jsou uvedena v oddile 16.

5.12.3 Identifikace nebezpecnosti

Popis nebezpecénosti §)

Informace tykajici se specifického nebezpedi pro ¢lovéka a zivotni prostredi:
Produkt je klasifikovan v souladu s EU smérnicemi a statnimi zakony. V provedeni
dostupném na trhu nepredstavuje zadné riziko pro zdravi ani Zivotni prostredi.

V souladu se smérnici 67 / 54 8 ES, dodatek VI nemusi byt opatren Stitkem.

Klasifika¢ni systém
Klasifikace odpovida aktualnimu vydani mezinarodniho seznamu latek a je
doplnéna udaji z odborné literatury a firemnimi udaji..

Hodnoceni NFPA (stupnice 0 az 4)
Zdravi = 0, Pozar = 0, Reaktivita =0

Hodnoceni HMIS (stupnice 0 az 4)
Zdravi = *0, Pozar = 0, Reaktivita = 0 Health (0]

Fire (0)

Reactivity ()
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5.12.4 Opatreni prvni pomoci

Obecné informace: Nejsou nutna zadna zvlastni opatfeni.

Pri vdechnuti: Zajistéte dostatek Cerstvého vzduchu, v pfipadé potizi vyhledejte
lékarskou pomoc.

PFi kontaktu s klzi: Produkt obecné nezplsobuje podrazdéni kiize.

PFi zasazeni oéi: Nékolik minut vyplachujte pfi otevienych vickach pod tekouci vo-
dou.

Pri poziti: Pokud pfiznaky pretrvavaji, vyhledejte Iékafskou pomoc.

5.12.5 Opatreni pro haseni pozaru

Vhodna hasiva:
CO2, praskova hasiva nebo vodni postfik. Vétsi pozary haste vodnim postiikem
nebo pénou odolnou viadi alkoholu.

Zvlastni nebezpeéi zplisobené expozici materialu, produktt hofeni nebo vzni-
kajicich plynu:

Béhem zahfivani nebo v pfipadé pozaru mohou vznikat toxické plyny. V pfipadé
pozaru mohou vznikat nasledujici latky: oxid uhelnaty (CO), oxid sifiCity (SO2), chlo-
rovodik (HCI).

Ochranné prostredky: Nejsou nutnd zadna zvlastni opatreni.

5.12.6 Opatreni v pripadé nahodného uniku

Preventivni opatfeni na ochranu osob: Nejsou nutna.

Opatieni na ochranu zivotniho prostredi: Nejsou nutna zadna zvlastni opatreni.
Metody Cisténi a zachytavani: Mechanicky sbér.

Dalsi informace: Nedochazi k uvolfiovani zadnych nebezpecénych latek.

5.12.7 Manipulace a skladovani

Manipulace

Informace pro bezpecné zachazeni: Nejsou nutna zadna zvlastni opatreni.
Informace k ochrané pfed vybuchem a pozarem: Nejsou nutna zadna zvlastni
opatreni.

Skladovani

Pozadavky na sklady a obaly: Zadné zvla$tni pozadavky.
Informace ke skladovani v bézném skladu: Nejsou nutné.
Dal$i informace o skladovacich podminkéch: Zadné.
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5.12.8 Omezovani expozice a osobni ochranné prostredky

Dodatecéné informace pro navrh technickych zarizeni:

Z&dné dalsi informace, viz bod 7.

Slozky, jejichz expozi¢ni limity vyzaduji monitorovani na pracovisti:
P¥i praci s produktem se mohou uvolfiovat N-nitrosaminy

117-81-7 bis(2-ethylhexyl)ftalat

PEL 5 mg/m3

REL kratkodoba hodnota: 10 mg/m3
dlouhodobé hodnota: 5 mg/m3

TLV 5 mg/m?

1309-48-4 oxid horeénaty

PEL 15* mg/m?®
pary

TLV 10 mg/m?
pary

1314-13-2 oxid zine¢naty

PEL 15%; 5** mg/m®
pouze prach, *prach celkem, **vdechnutelny prach
REL kratkodoba hodnota: C 15*; 10** mg/m?

dlouhodobd hodnota: 5,5** mg/m?

oxid zine€naty, pouze prach; *15min pouze prach; **zinek
TLV kratkodoba hodnota: 10** mg/m?

dlouhodobé hodnota: 10%; 5** mg/m"

*prach, “*pary, *NIC-2 R, *10 R, *((e))

Dalsi informace
PrFi sestavovani slouzily jako zaklad platné seznamy.

Osobni ochranné prostiedky
Obecna ochranna a hygienicka opatreni:
Dodrzujte obvykla preventivni opatreni pro zachazeni s chemikaliemi.

Ochrana rukou

Material rukavic musi byt nepropustny a odolny proti produktu / latce / pfipravku.
Vzhledem k tomu, Ze nejsou dostupné testy, neni mozné doporucit material rukavic
pro produkt / pfipravek / chemickou smés.

Vybér materialu rukavic provedte podle ¢asu praniku, rychlosti diflize a degradace.

Material rukavic

Spravny vybér rukavic nezavisi jen na materidlu, ale také na dalSich kvalitativnich
kriteriich, ktera se li§i podle vyrobce. Vzhledem k tomu, Ze produkt je pfipravkem

z nékolika latek, nelze odolnost materidlu rukavic vypogitat pfedem, je tudiz nutné ji
provéfit pred pouzitim.

Doba priiniku materidlem rukavic

Je nutno u vyrobce rukavic zjistit a dodrzovat pfesné ¢asy priniku materidlem

ochrannych rukavic.

Ochrana odi:
Neni nutna.
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5.12.9 Fyzikalni a chemické vilastnosti

Skupenstvi: Pevné

Barva: Podle specifikace produktu
Zapach: Charakteristicky

Zména stavu

Teplota (rozmezi teplot) tani: Neurc¢ena.

Teplota (rozmezi teplot) varu: Neurcena.

Bod vzplanuti: Nelze pouzit.

Teplota zapaleni:

370,0 °C (698 °F)

Samovzniceni:

U produktu nehrozi samovzniceni.

Nebezpecéi vybuchu:

U produktu nehrozi nebezpedi exploze.

Hustota pfi teploté +20 °C (68 °F):

1,380 g/cm3

Rozpustnost ve vodé

a smisitelnost s vodou: Nerozpustny.
Obsah reditel:

Organicka redidla: 0,0%
Obsah susiny: 94,5%

5.12.10 Stalost a reaktivita

Termicky rozklad / podminky, kterych je nutno se vyvarovat:
PFi pouziti v souladu se specifikacemi nedochazi k rozkladu.

Moznost nebezpecénych reakci

Zadné nebezpedné rekce nejsou znamy.

Nebezpeéné produkty rozkladu:
Chlorovodik (HCI)
Toxické produkty pyrolyzy.

5.12.11 Toxikologické informace

Akutni toxicita

Hodnoty LD/LC50 relevantni vzhledem ke klasifikaci

117-81-7 bis(2-ethylhexyl)ftalat
Oréalné LD50
Dermalné LD50

Primarni drazdivé ucinky
Na kdizi: Zadné drazdivé uginky.
Na o&i: Zadné drazdivé ucinky.

30600 mg/kg (potkan)
25000 mg/kg (kralik)

Senzibilizace: Neni znamo zadné senzibilizujici plsobeni.

Doplnujici toxikologicka upozornéni:

Podle interné schvéalenych metod vypoctl pro pripravky nepodléha produkt klasifikaci.
PFi zachazeni a pouziti v souladu se specifikacemi nema produkt podle nasich
zkuSenosti a na zakladé nam predlozenych informaci zadné Skodlivé ucinky.

Charakteristika
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5.12.12 Ekologické informace

Obecné poznamky
Obecné nepredstavuje nebezpeci pro vodu.

5.12.13 Pokyny pro odstranovani
Product

Doporucéeni

Mala mnozstvi smi byt pfimisena k domovnimu odpadu.

Pfi dodrzeni technickych pokynt Ize zlikvidovat po konzultaci s mistnimi organy
a Urady povérenymi likvidaci odpadkd.

Pouzijte jedno z nasledujicich evidencnich Cisel odpadu.

Nevycisténé obaly
Doporuceni: Likvidujte dle ufednich predpisU.

5.12.14 Informace pro prepravu

Predpisy DOT:

Trida rizika: -

Pozemni preprava ADR/RID (pFeshranicni):
Trida ADR/RID: -

Namofrni preprava IMDG:

T¥ida IMDG: -

Latka znecistujici more: Ne

Letecka preprava ICAO-IT a IATA-DGR:
Trida ICAO/IATA: -

Dalsi informace k prepraveé:
Neni nebezpeéné ve smyslu vySe uvedenych specifikaci.
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5.12.15 Regulations

Sara

Oddil 355 (Extrémné nebezpecné latky):
Nejsou uvedeny zadné slozky.

Oddil 313 (Specificky toxické latky):
117-81-7 bis(2-ethylhexyl)ftalat

TSCA (Zakon o kontrole toxickych latek):
9010-98-4 Polychloroprén CR

117-81-7 bis(2-ethylhexyl)ftalat
1309-48-4 oxid hofe¢naty

1314-13-2  oxid zineCnaty

97-39-2 1,3-di-o-tolylguanidin
101-67-7  bis(4-oktylfenyl)amin
97-74-5 tetramethylthiuram-monosulfid

Proposition 65

Chemikalie, o kterych je znamo, ze zplsobuji rakovinu:

117-81-7 bis(2-ethylhexyl)ftalat

Chemikalie, o kterych je znamo, ze vykazuji reprodukéni toxicitu:
Nejsou uvedeny zadné slozky.

Kategorie karcinogent:

EPA (Environmental Protection Agency, Ufad na ochranu Zivotniho prostiedi)
117-81-7 bis(2-ethylhexyl)ftalat B2

1314-13-2  oxid zineCnaty D

IARC (International Agency for Research on Cancer, Mezinarodni agentura
pro vyzkum rakoviny)

117-81-7 bis(2-ethylhexyl)ftalat 2B

NTP (National Toxicology Program, Narodni toxikologicky program)
117-81-7 bis(2-ethylhexyl)ftalat R

TLV (Mezni hodnota TLV podle ACGIH)

117-81-7 bis(2-ethylhexyl)ftalat A3

MAK (max. koncentrace na pracovisti v Némecku)

Nejsou uvedeny zadné slozky.

NIOSH-Ca (National Institute for Occupational Safety and Health, Narodni
urad pro bezpeénost a ochranu zdravi pfi praci)

117-81-7 bis(2-ethylhexyl)ftalat 2B

OSHA-Ca (Occupational Safety & Health Administration, Ufad pro
bezpecénost a ochranu zdravi pfi praci)

Nejsou uvedeny zadné slozky.

Informace k nebezpeénosti produktu

Dodrzujte obecné zasady bezpecnosti pfi zachazeni s chemikaliemi.

Produkt byl klasifikovan v souladu s EU smérnicemi a statnimi zakony.

V provedeni dostupném na trhu nepredstavuje Zadné riziko pro zdravi ani zivotni
prostredi.

V souladu se smérnici 67 / 54 8 ES, dodatek VI, bod 9.3 nemusi byt opatren
Stitkem.
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Symboly nebezpecénosti

U
Statni predpisy

Technické pokyny (vzduch)

Trida Podil v %
I 0.4
NK 55

Trida nebezpecnosti pro vodu: Obecné nepredstavuje nebezpeci pro vodu.
DalSi regulace, omezeni a prohibi¢ni predpisy

Podléha regulacim pro N-nitrosaminy

5.12.16 Dalsi informace

Uvedené udaje odpovidaji sou¢asnému stavu nasich znalosti. Nemohou v§ak byt
povazovany za zaruku jakychkoli konkrétnich vlastnosti produktu a nezakladaji

pravné zavazny smluvni vztah.

Oddeéleni, které bezpecénostni list vydalo: Conseo GmbH Abteilung Umweltschutz
Kontaktni osoba: Hr. Dr. Krdssig / Hr. Dr. Laugwitz
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6. Schvaleni

6.1 American Bureau of Shipping (ABS)

Certificate Number: 03-HS369456/1-PDA

TYPE APPROVAL PROGRAM

Confirmation of Type Approval

This is to certify that, pursuant to the Rules of American Bureau of Shipping (ABS), on 24/APR/2007 the
manufacturer of the below listed product held a valid Manufacturing Assessment (MA) and a valid Product Design
Assessment (PDA) for the below listed product, entitling the product to type approval. The validity of the
Manufacturing Assessment is dependent on satisfactory audits as required by the Rules. The Product Design
Assessment is valid only for products intended for use on ABS classed vessels, MODUs or facilities which are in
existence or under contract for construction on the date of the ABS Rules used to evaluate the Product.

For Date of ABS Rules used for evaluation; Please refer to the ABS Rules below.
This Confirmation of Product Type Approval is valid as of the date shown above for the below listed product.

ABS makes no representations regarding type approval of the Product for use on vessels, MODUs or facilities built
after the date of the ABS Rules used for evaluation.

Due to wide variety of specifications used in the products ABS has evaluated for Type Approval, it is part of our
contract that the Client has full responsibility for continued compliance with the evaluation standard, whether the
standard is an ABS Rule or a non-ABS Rule. As specified in the ABS Rules, Unit Certification may be required in
addition to Product Type Approval. Please refer to the "Service Restrictions" shown below to determine if Unit
Certification is required for this product.

HILTI AG

Model Name(s): X-BT Threaded Fastener
Presented to:
HILTI AG
Feldkircherstrasse 100
Postfach 333
Schaan
FL-9494
Liechtenstein

Intended Service: For fastening of steel and aluminum materials to applicable base metals as
recommended by the manufacturer in the "Hilti X-BT Threaded Fastener
Specification Binder"

Description: Stainless steel threaded studs and accessories whereby fastenings are made
using powder actuated tools to drive the fasteners into their final position using a
pre-drilled hole and without fully penetrating the base metal. Characteristics of the
threaded stud are as follows: 1) Nominal Diameter of the Stud: 4.5 mm 2) Nominal
Diameter of the Hole: 4.0 mm 3) Nominal Drilling Depth: 6.4 mm 4) Minimal
Embedment: 4.0 mm 5) Maximum Embedment: 4.8 mm Note: The base metal is
required to be 8mm (5/16") minimum thickness.

Ratings: 1. Service Temperature: -40° Celsius 2. Rated Loads: Base Metal of Carbon Steel
S235 / A36 a) Allowable Pullout - 1.8kN / 405# b) Allowable Shear - 2.6kN / 584#
c) Allowable Moment - 8.2Nm / 6.0ft-Ib 3. Rated Loads: Base Metal of Carbon Steel
S355 / Grade 50 and stronger a) Allowable Pullout - 2.3kN / 517# b) Allowable
Shear - 3.4kN / 764# c) Allowable Moment - 8.2Nm / 6.0ft-Ib

Service Restrictions: Unit Certification is not required for this product. If the manufacturer or purchaser
requests an ABS Certificate for compliance with a specification or standard, the
specification or standard, including inspection standards and tolerances, must be
clearly defined. 1) The Hilti X-BT fastenings are to be used for fastening various
materials to base metals of carbon steel or stainless steel in offshore structures, in
accordance with the "Hilti X-BT Threaded Fastener Specification Binder". 2) To
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ensure that proper anchoring/fastening mechanisms take place, i.e. pressing and
fusing, the following fastening tools as recommended by the manufacturer shall be
used: a) Drill bit - TX-BT 4/7. b) Tool DX 351-BT(G). c) Power Load 6.8/11M Brown
3) Minimum base metal strengths are to be as follows: a) Carbon Steel : Ultimate
Tensile Strength (fu) = 360 N/mm2 (53.53 ksi ) b) Stainless Steel : Ultimate Tensile
Strength (fu) = 360 N/mm2 (53.53 ksi ) 4) The fasteners are to be installed using
installation procedures as recommended by the manufacturer. 5) In general, type
approved X-BT fasteners are not to be used for the following locations: a) On
Structural members that are sensitive to stress patterns or variations b) In Areas
where notch toughness is of paramount importance c) For attachment of structural
fire protection insulation. d) On bulkheads/decks with a thickness less than 8 mm
e) Watertight boundaries 6) Type approved X-BT fasteners, if installed in fire rated
divisions, shall be installed without the washer. 7) In general, the Hilti X-BT
fasteners may be used to fasten materials in areas where welding or drilling for
bolting is permissible. It is recommended that the fasteners be installed no closer
than 6 mm from the edge of a flange or cutout and no closer than 15 mm between
fasteners. The following additional guidance is provided for applications on
offshore structures: a) Acceptable applications: i) The securing of grating panels ii)
The securing of checker plate iii) The securing of electrical cable trays iv) The
securing of electrical cable clips v) The securing of joiner bulkhead tracks to plating
in deck modules vi) The securing of light duty fixtures and light hangers b)
Acceptable locations: i) On Topside Deck members and plating ii) On Deck
Modules iii) On members and plating in non-tight bulkheads and flats of hulls iv) On
members in longitudinal and transverse frames of hulls c) Applications or locations
where special care is recommended (see d below): i) In members with significant
thermal stresses ii) In highly stressed portions of members iii) In members subject
to high, cyclic loads iv) Hangers for pipe systems with high thermal stresses v)
Hangers for sprinkler systems d) The Hilti X-BT fasteners may be used for the
applications where special care is recommended by following the manufacturer's
recommendations and guidance and obtaining approval from the Ow

Comments: ABS approvals are generally based on the product test reports furnished by
recognized institutions and laboratories, which may reflect specific local conditions.
If any application is in a jurisdiction where the fasteners are subject to an approval
process or where specific guidelines are to be followed, the approved technical
data or the specific design guidelines shall be followed.

Notes / Documentation: This Product Design Assessment (PDA) is valid only for products intended for use
on ABS classed vessels, MODUSs or facilities which are in existence or under
contract for construction on the date of the ABS Rules used to evaluate the
Product.

Term of Validity: This Design Assessment Certificate number 03-HS369456/1-PDA, dated
23/Apr/2007 will expire on 22/Apr/2012 or at an earlier date should there be
alterations to the product's design or changes to the referenced ABS Rules and
other specifications, which affect the product. Product use on or after 1 January
2008, will be subject to compliance with the ABS Rules or specifications in effect
when the vessel, MODU or facility is contracted. The product's acceptability on
board ABS-classed vessels or facilities is defined in the service restrictions of this

certificate.
ABS Rules: 2007 Steel Vessel Rules 1-1-4/7.7,2006 MODU Rules 3-2-2/11; 4-3-3/5.9
National Standards:
International Standards:
Government Authority:
EUMED:
Others: None

,‘PQ\&E:\ Vivneows_

Manager, ABS Programs
ABS has used due diligence in the preparation of this certificate and it represents the information on the product in the ABS Records as of the
date and time the certificate was printed. Type Approval requires Drawing Assessment, Prototype Testing and assessment of the
manufacturer's quality assurance and quality control arrangements. Limited circumstances may allow only Prototype Testing to satisfy Type
Approval. The approvals of Drawings and Products remain valid as long as the ABS Rule, to which they were assessed, remains valid. ABS
cautions manufacturers to review and maintain compliance with all other specifications to which the product may have been assessed. Further,
unless it is specifically indicated in the description of the product; Type Approval does not necessarily waive witnessed inspection or survey
procedures (where otherwise required) for products to be used in a vessel, MODU or facility intended to be ABS classed or that is presently in
class with ABS. Questions regarding the validity of ABS Rules or the need for supplemental testing or inspection of such products should, in all
cases, be addressed to ABS.
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6.1 American Bureau of Shipping (ABS)

Certificate Number: 03-HS369884/1-PDA

TYPE APPROVAL PROGRAM

Confirmation of Type Approval

This is to certify that, pursuant to the Rules of American Bureau of Shipping (ABS), on 29/MAY/2008 the
manufacturer of the below listed product held a valid Manufacturing Assessment (MA) and a valid Product Design
Assessment (PDA) for the below listed product, entitling the product to type approval. The validity of the
Manufacturing Assessment is dependent on satisfactory audits as required by the Rules. The Product Design
Assessment is valid only for products intended for use on ABS classed vessels, MODUs or facilities which are in
existence or under contract for construction on the date of the ABS Rules used to evaluate the Product.

For Date of ABS Rules used for evaluation; Please refer to the ABS Rules below.
This Confirmation of Product Type Approval is valid as of the date shown above for the below listed product.

ABS makes no representations regarding type approval of the Product for use on vessels, MODUs or facilities built
after the date of the ABS Rules used for evaluation.

Due to wide variety of specifications used in the products ABS has evaluated for Type Approval, it is part of our
contract that the Client has full responsibility for continued compliance with the evaluation standard, whether the
standard is an ABS Rule or a non-ABS Rule. As specified in the ABS Rules, Unit Certification may be required in
addition to Product Type Approval. Please refer to the "Service Restrictions" shown below to determine if Unit
Certification is required for this product.

HILTI AG

Model Name(s): Fasteners: X-BT M8-15-6-R, X-BT M10-24-6-R, X-BT
W10-24-6-R, X-BT M8-15-6-SN12-R, X-BT M10-24-6 SN12-R, X-BT W10-24-6
SN12-R, Drilling Tool: XBT 4000-A & TX-BT 4/7 drills, Fastening Tool: DX 351-BT
& DX 351-BTG

Presented to:

HILTI AG
Feldkircherstrasse 100
Postfach 333

Schaan

FL-9494

Liechtenstein

Intended Service: For fastening of fastened materials to base materials of carbon steel or stainless
steel in the ship and shipbuilding environment.

Description: Corrosion resistant steel threaded studs and accessories whereby fastening are
made by using power actuated tools to drive the fasteners into their final positions
through a pre-drilled hole and without having to penetrate the base materails, in a
process of pressing and fusing.

Ratings: Refer to "Hilti X-BT Threaded Fastener Specification Binder" for the recommended
maximum loading in tension, shear, moment and torque, in association with the
'‘Conditions for recommended loads' specified therein.

Service Restrictions: Unit certification is not required for this product. 1) The Hilti X-BT fastenings are to
be used for fastening various materials to base metals of carbon/ stainless steel in
ship structures, i.a.w. the "Hilti X-BT Threaded Fastener Specification Binder". 2)
To ensure that proper anchoring/fastening mechanisms take place, i.e. pressing
and fusing, the following fastening tools as recommended by the manufacturer
shall be used: Drill bit: TX-BT 4/7, Fastening Tool: DX 351-BT & DX 351-BTG,
Power Load 6.8/11M Brown. 3) Minimum base metal strengths are to be as follows:
a) Carbon Steel: Ult.Tensile Strength (fu) = 360 N/mm2 (53.53 ksi) b) Stainless
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Steel: Ult. Tensile Strength (fu) = 360 N/mm2 (53.53 ksi) 4) The fasteners are to be
installed using installation procedures recommended by the manufacturer. 5) In
general, type approved X-BT fasteners are not to be used for the following
locations: a) On structural members that are sensitive to stress patterns or
variations b) In areas where notch toughness is of paramount importance c) For
attachment of structural fire protection insulation. d) On bulkheads/decks with a
thickness less than 8 mm e) Watertight boundaries 6) Type approved X-BT
fasteners, if installed in fire rated divisions, shall be installed without the washer. 7)
In general, the Hilti X-BT fasteners may be used to fasten materials in areas where
welding or drilling for bolting is permissible. It is recommended that fasteners be
installed no closer than 6 mm from the edge of a flange or cutout and no closer
than 15 mm between fasteners. The following additional guidance is provided for
applications on ship structures: a) Acceptable applications: i) The securing of
grating panels ii) The securing of checker plate iii) The securing of electrical cable
trays iv) The securing of electrical cable clips v) The securing of joiner bulkhead
tracks to plating in deck modules vi) The securing of light duty fixtures and light
hangers b) Acceptable locations: i) On platform decks ii) On non-tight bulkheads.
iii) On lower decks iv) On transverse side frames v) In superstructures and
deckhouse bulkheads vi) Securing of items 7a (i-vi)) above and similar items in
A-class boundaries. c) Applications or locations where special care is
recommended (see d below): i) In members with significant thermal stresses ii) In
highly stressed portions of members iii) In members subject to high, cyclic loads iv)
Hangers for pipe systems with high thermal stresses v) Hangers for sprinkler
systems d) The Hilti X-BT fasteners may be used for the applications where special
care is recommended by following the manufacturer's recommendations and
guidance and obtaining approval from the Owner and the attending Surveyor. 8)
Hilti X-BT fasteners may also be used for applications other than those listed
above, subject to specific engineering approval for the application prior to
installation. See also the Guidance Notes for DX-fasteners(ship application)

Comments: ABS approvals are general based on the product test reports furnished by
recognized institutions and laboratories which may reflect specific local conditions.
If any application is in a jurisdiction where the fasteners are subject to the approval
process or specific guidelines are to be followed, the approved technical data or
design guidelines take precedence over technical data presented herein.

Notes / Documentation: This Product Design Assessment (PDA) is valid only for products intended for use
on ABS classed vessels, MODUs or facilities which are in existence or under
contract for construction on the date of the ABS Rules used to evaluate the
Product.

Term of Validity: This Design Assessment Certificate number 03-HS369884/1-PDA, dated
13/May/2008 will expire on 12/May/2013 or at an earlier date should there be
alterations to the product's design or changes to the referenced ABS Rules and
other specifications, which affect the product. Product use on or after 1 January
2009, will be subject to compliance with the ABS Rules or specifications in effect
when the vessel, MODU or facility is contracted. The product's acceptability on
board ABS-classed vessels or facilities is defined in the service restrictions of this

certificate.
ABS Rules: 2008 Steel Vessels Rule1-1-4/7.7, 4-8-4/21.9
National Standards:
International Standards:
Government Authority:
EUMED:
Others: Manufacturer's standards

,‘PQ\&E:\ Vivneows_

Manager, ABS Programs
ABS has used due diligence in the preparation of this certificate and it represents the information on the product in the ABS Records as of the
date and time the certificate was printed. Type Approval requires Drawing Assessment, Prototype Testing and assessment of the
manufacturer's quality assurance and quality control arrangements. Limited circumstances may allow only Prototype Testing to satisfy Type
Approval. The approvals of Drawings and Products remain valid as long as the ABS Rule, to which they were assessed, remains valid. ABS
cautions manufacturers to review and maintain compliance with all other specifications to which the product may have been assessed. Further,
unless it is specifically indicated in the description of the product; Type Approval does not necessarily waive witnessed inspection or survey
procedures (where otherwise required) for products to be used in a vessel, MODU or facility intended to be ABS classed or that is presently in
class with ABS. Questions regarding the validity of ABS Rules or the need for supplemental testing or inspection of such products should, in all
cases, be addressed to ABS.
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6.2 Lloyd’s Register

R

Type Approval Certificate Extension

This is to certify that Certificate No. 03/00070 for the undernoted products is extended and renumbered

as shown.
This certificate is issued to:
PRODUCER Hilti Corporation
PLACE OF FL-9494 Schaan
PRODUCTION Principality of
Liechtenstein
DESCRIPTION Hilti X-BT direct mechanical fastening system, comprising Hilti
fastening tool, drill bit and power loads.
TYPE X-BT stainless steel threaded studs:
Threaded stud connections: ~ X-BT M8-15-6-R
X-BT M10-24-6-R
X-BT W10-24-6-R
X-BT M8-15-6 SN12-R
X-BT M10 24-6 SN12-R
X-BT W10-24-6 SN12-R
Composite fasteners: X-FCM-R
APPLICATION For use in fastening to steel in marine, offshore and industrial

environments.

SPECIFIED STANDARDS  Hilti X-BT Threaded Fastener Specification;
Hilti Direct Fastening technology manual, Product Information.

Certificate No. 03/00070(E1)
Issue Date 2 November 2009
Expiry Date 8 June 2013 ke_/g
Sheet 1of2 ~ P.F.Moysey
London Design Support Services
Lloyd’s Register EMEA
Lloyd's Register EMEA

71 Fenchurch Street, London EC3M 4BS

Lloyd's Register, its affiliates and subsidiaries and their respective officers, employees or agents are, individually and collectively, referred to in this clause as
the ‘Lloyd's Register Group'. The Lioyd's Register Group assumes no responsibility and shall not be liable to any person for any loss, damage or expense
caused by reliance on the information or advice in this document or howsoever provided, unless that person has signed a contract with the relevant Uoyd's
Regiﬂa'Gﬁrc;t.lperrthfI'orlheprom'ondﬂmMmMaMhMMameumBMMmmmmm
set out in contract.

strana 52 Schvaleni



Ll

OTHER CONDITIONS This Type Approval certificate is to be read in conjunction with
LR Technical Report no. 2003/CSG/T1/6331.

The minimum strength of the base material must be as stated in
the Hilti X-BT Threaded Fastener Specification.

The end user must ensure that the base and fastened materials
possess adequate corrosion resistance for the environments in
which they are to be used.
“This Certificate is not valid for equipment, the design, ratings or operating parameters of which have been varied
from the specimen tested. The manufacturer should notify Lloyd’s Register EMEA of any modification or changes
to the equipment in order to obtain a valid certificate.”

The attached Design Appraisal Document No. 03/00070(E1) and its supplementary Type Approval Terms and
Conditions form part of this Certificate.

All other details remain as the previous Certificate No. 03/00070 to which this extension should be
attached.

Certificate No. 03/00070(E1)

Issue Date 2 November 2009

Expiry Date 8 June 2013 & % ;
Sheet 20f2 . F. Moysey

London Design Support Services
Lloyd’s Register EMEA
Lloyd’s Register EMEA
71 Fenchurch Street, London EC3M 4BS

Lioyd's Register, its affiliates and subsidiaries and their respective officers, employees or agents are, individually and collectively, referred to in this clause as
the ‘Lioyd's Register Group'. TheIbyd'sReglsterGlu.pmmthﬂMmbl%mawmfawm@mmm
caused by reliance on the information or advice in this document or howsoever provided, unless that person has signed a contract with the relevant Lioyd's
ReglsnerG&permu/fortheprwmno!lhsnfmmﬁmmaﬂmandhmmmwmﬂwulhbmqbwwhdymﬂmamm
set out in contract.
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6.3 Germanischer Lloyd (GL)

Approval Certificate

This is to certify, that the undemoted products have been approved in accordance with
the relevant requirements of the GL Approval System.

Certificate No. 12272-10 HH
Company Hilti Aktiengesellschaft
PO Box 333

9494 Schaan, LIECHTENSTEIN

Product MECHANICAL FASTENING SYSTEMS

Type HILTI X-BT STAINLESS STEEL THREADED FASTENERS
Technical Data/ DESCRIPTION | TECHNICAL DATA

Application

Hilti X-BT mechanical fastening system, comprising fastening and drilling tools and
stainless steel threaded studs and accessories whereby fastening are made by
using pressing actuated tools to drive the fasteners into their final positions into a
pre-drilled hole and without having to penetrate the base materials, in a process of

pressing and fusing.

X-BT FASTENING SYSTEM:

Stainless steel threaded studs: Composite fasteners:
X-BT M8-15-6-R X-BT M8-15-6 SN 12-R X-FCM-R, X-FCM-M
X-BT M10-24-6-R X-BT M10-24-6 SN 12-R

X-BT W10-24-6-R X-BT W10-24-6 SN 12-R

Drilling tool: XBT 4000-A drill, TX-BT 4/7 step drill bits
Fastening tools: DX 351 BTG for M8-types, DX 351 BT for M10/W10-types
Cartridge: 6.8/11M brown "High Precision"

Approval Standard * Test processes in accordance with international recognized standards
Documents « Hilti X-BT Threaded Fastener Specification *

Remarks « Remarks / Limitations see page 2 +

Valid until 20151115

File No.  X1.B.09

Germanischer Lloyd
Hamburg, 2010-10-18

(4 @ C@&@«

Peter Gierha«

el Kéampf

Page 10f2
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Approval Certificate

Certificate No. 12272-10 HH

RANGE OF APPLICATION

The above mentioned products may be used for fastening various materials to base metals of carbon | stainless steel in ship
structures as follows:

+ metal and fiberglass gratings to steel

» cable, conduit and tubing connectors to steel

« trays, channels and struts to steel for cable, conduit and tubing runs
« instrumentation, junction boxes, lighting

* pipe hangers

« signage

« door frames

* mounting cabinets, securing furniture, utensils, etc.

The fasteners may also be used for applications other than those listed above, subject to special consideration either by the
local GL Surveyor or Germanischer Lloyd Head Office.

The minimum base material strengths are to be at least 360 N/mm?®. The installation of the fasteners may be carried out in
areas only where welding or drilling for bolting is permissible. Fasteners are not be installed no closer than 6 mm from the
edge of a flange or cutout and no closer than 15 mm between fasteners.

LIMITATION

The X-BT fasteners are not to be used for the following locations:

= on structural members requiring fatigue verification

» in areas where notch toughness may not be impaired

» for attachment of structural fire protection insulation

« on bulkheads and decks with a thickness less than 8 mm

» on the shell plating, sea chests and collision bulkheads

The selection of the HILTI X-BT Fastening System for the corresponding application and the proper assembly are to be in
accordance with the instructions of the manufacturer and the current Rules of Germanischer Lloyd as applicable.

Germanischer Lloyd
Hamburg, 2010-10-18

ael Kémpf Peter Gierhano

Page 26f 2
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6.4 Det Norske Veritas (DNV)

DET NORSKE VERITAS

TYPE EXAMINATION CERTIFICATE

CERTIFICATE NO. S-5624
This Certificate consists of 4 pages

This is to certify that the
Structural Connecting Elements
with type designation(s)

X-BT M8-15-6-R; X-BT M10-24-6-R; X-BT W10-24-6-R;
X-BT M8-15-6 SN12-R; X-BT M10-24-6 SN12-R;
X-BT W10-24-6 SN12-R;

Grating Fastener X-FCM-R; Grating Fastener X-FCM-M

Manufactured by

Hilti Aktiengesellschaft

Schaan, Liechtenstein

is found to comply with
Det Norske Veritas' Rules for Classification of Ships and Mobile Offshore Units

Application
Fastening applications in shipbuilding and offshore structures. Typical examples are
fastening of grating, fire protection, cable trays and pipe hangers.

Place and date OQ.S by This Certificate is valid until
Hgvik, 2009-04-0202 z j C 2 2012-06-30
Jor DET NORSKE VERITAS AS %8 = P
> . * 1864 . ‘ ’
- /1A G (431000,
%”Astri Haukerud Gaarde Local Office 7 Sjur Lassesen
Head of Section DNV Essen Surveyor

Notice: This Certificate is subject to terms and conditions overleaf. Any significant change in design or construction may render this Certificate invalid.

/.

The validity date relates to the Type Examination Certificate and not to the approval of equip sy
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If any person suffers loss or damage which is proved to have been caused by any negligent act or omission of Det Norske Veritas, then Det Norske Veritas shall pay compensation to such person for his proved direct 10s8 or damage.
Howaever, the compensation shall nol exceed an amount equal lo ten times the fee charged for the service In question, provided that the maximum compensalion shall never exceed USD 2 million.In this provision “Dat Norske Veritas” shall

mean the Foundation Dt Norske Veritas as well as all its subsidiaries. diractors, officers, employees, agents and any other acting on behalf of Det Norske Veritas.
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Product description

Powder actuated fastener with blunt tip with designation X-BT-R and grating fastening

S-5624
686.49

system X-FCM.
Description Type designation
Threaded fastener X-BT M8-15-6-R
Threaded fastener X-BT M10-24-6-R
Threaded fastener X-BT W10-24-6-R
Threaded fastener with sealing washer X-BT M8-15-6 SN12-R
Threaded fastener with sealing washer X-BT M10-24-6 SN12-R
Threaded fastener with sealing washer X-BT W10-24-6 SN12-R
Grating Fastener, stainless steel X-FCM-R 25/30
Grating Fastener, stainless steel X-FCM-R 1Y - 174
Grating Fastener, stainless steel X-FCM-R 35/40
Grating Fastener, stainless steel X-FCM-R 45/50
Grating Fastener, carbon steel, duplex coated X-FCM-M 25/30
Grating Fastener, carbon steel, duplex coated X-FCM-M 1 - 1%
Grating Fastener, carbon steel, duplex coated X-FCM-M 35/40
Grating Fastener, carbon steel, duplex coated X-FCM-M 45/50
Hilti fastening tool DX 351 BT
Hilti fastening tool DX 351 BTG
Hilti drill bit TX-BT 4/7
Hilti Powder Loads for X-BT fasteners 6.8/11M Brown
Materials

Material in shank is high strength austenitic stainless steel. The threaded sleeve and the
sealing washer are made from standard type 316/316L austenitic stainless steel.

Description Standard / Property requirement

Fastener shank CR-500. Ultimate tensile, Rm > 1850 MPa

Fastener threaded sleeve and Stainless steel X2CrNiMo17132, X5CrNiMol17122
SN12-R washer

Fastener sealing washer Black elastomer

Threaded stem: Stainless steel X2CrNiMo17132,
X5CrNiMo17122, X6CrNiMoTil7122

Grating disk X-FCM-R Disc: Stainless steel X2CrNiMo18143, X2CrNiMo17122

Grating disk X-FCM-M Disc: Cold rolled carbon steel DC04 to EN 10130
Threaded stem: Bright (free cutting) steel
11SMnPb30+C to EN 10277.

Disk and stem coated with duplex.

Schvaleni
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Cert. No.: S-5624
File No.: 686.49

DN

Application/Limitation

Minimum base material thickness: 8mm
Maximum base material thickness: no limit for X-BT using pre-drilled hole

Minimum yield strength of base material: 235 MPa

Design loads are given in the Hilti X-BT Threaded Fastener, Specification Binder, for two
base material strengths; yield of 235MPa and yield of 355MPa. For the grating discs,
different design loads are given for gratings with rectangular openings and square openings.
Load ratings have been evaluated to meet the safety level requirement of DNV-0OS-C101
and DNV-0OS-C201.

For fatigue assessment of base material, the fatigue curve E in DNV-RP-C203 shall be
used.

Installation of X-BT fasteners shall be performed according to procedures in the Hilti X-BT
Threaded Fastener, Specification Binder. Predrilled hole shall be made with the TX-BT 4/7
step shank drill bit to ensure correct dimensions of hole. The minimum edge distance is
6mm. The maximum tightening torque of grating disc or a nut fitted to the threaded fastener
is 8Nm.

Type Approval documentation

Document title Document number / Issue
HILTT. Hilti X-BT threaded fastener, Specification Binder | Edition 07/2003

HILTI. X-FCM Grating Fastening System, Data sheets 11/2007

Staatlich Autorisierte Bautechnische Versuchsanstalt. Test | 269/95

report about X-FCM-R and X-FCM grating discs loading
capacity under pure tension and shear.

HILTI. Evaluation report on 5S-fastenings XE_02_36, July 4™ 2002
HILTI. Experimental investigations on the effect of Hilti XE_02_08, June 18™ 2002
5S-fasteners on the fatigue strength of structural steel.
HILTI. Investigations on the effect of dynamic base metal | XE_02_09, June 197 2002
stresses (vibrations) on the pullout strength of Hilti 5S-
fasteners.

HILTT. Investigations on the effect of base metal tensile XE_02_10, June 20™ 2002
stresses on the pullout strength of Hilti 5S-fasteners.
HILTI. Complementary evaluation report on X-BT- XE_03_01, January 14™
fastenings. 2003

Schvaleni




Cert. No.: S-5624
File No.: 686.49

Tests carried out

Documentation of tests performed forming the basis for this type examination are
referenced in the table above.

Marking of product
Marking shall consist of manufacturer’s name or identification together with a type
designation. The use of the DNV logo in relation to marketing and labelling of goods shall
follow the procedures of DNV IS III-A3.

Certificate retention survey

For retention of the Type Examination, a DNV Surveyor shall perform a survey every
second year and before the expire date of this certificate to verify that the conditions of the
type examination are complied with.

END OF CERTIFICATE
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6.5 ICC-ES

7> [CC EVALUATION

2 SERVICE
ICC-ES Evaluation Report

Most Widely Accepted and Trusted

ESR-2347
Reissued December 1, 2009
This report is subject to re-examination in two years.

www.icc-es.org | (800) 423-6587 | (562) 699-0543

A Subsidiary of the International Code Council®

DIVISION: 05—METALS
Section: 05090—Metal Fastenings

REPORT HOLDER:

HILTI, INC.

5400 SOUTH 122"° EAST AVENUE
TULSA, OKLAHOMA 74146

(800) 879-8000

www.us.hilti.com
HNATechnicalServices@hilti.com

EVALUATION SUBJECT:

HILTI LOW-VELOCITY POWDER-ACTUATED DRIVEN
THREADED STUDS FOR ATTACHMENT TO STEEL
1.0 EVALUATION SCOPE

Compliance with the following codes:
2009 International Building Code® (2009 IBC)
2009 International Residential Code® (2009 IRC)
2006 International Building Code® (2006 IBC)*
2006 International Residential Code® (2006 IRC)*
2003 International Building Code® (2003 IBC)*
2003 International Residential Code® (2003 IRC)*
2000 International Building Code® (2000 IBC)*
2000 International Residential Code® (2000 IRC)*
® 1997 Uniform Building Code™ (UBC)*

*Codes indicated with an asterisk are addresses in Section
8.0

Property evaluated:

Structural
2.0 USES

The Hilti Powder-Actuated Driven Threaded Studs are
used as alternatives to the bolts used to attach materials to
structural steel, which are described in IBC Section 2204.2.
The fasteners may be used for structures regulated under
the IRC, when an engineered design is submitted in
accordance with IRC Section R301.1.3.

3.0 DESCRIPTION
3.1 General:

Hilti low-velocity powder-actuated threaded studs are
fasteners with male threads for attachment on one end and
a pointed- or blunt-tip shank on the other end for

embedment into the supporting steel. Both types may be
supplied with a plastic washer for the carbon steel
fasteners or a stainless steel washer for the stainless steel
fasteners. The threaded studs with pointed-tip shanks are
driven directly into the steel. The threaded studs with blunt-
tip shanks (X-BT type) are driven into a predrilled pilot
hole. The threaded studs are available with the thread
designations and lengths and in the materials shown in
Table 1. See Figures 1 and 2 for illustrations of pointed-
and blunt-tip shank threaded studs.

3.2 Materials:

Carbon steel threaded studs are manufactured from
hardened steel and are zinc-plated in accordance with
ASTM B 633 SC 1, Type lll. Stainless steel threaded studs
are composed of two main parts, the threaded sleeve and
the drive pin. The threaded sleeve and washer are
manufactured from SAE 316 stainless steel. The drive pin
is manufactured from a proprietary CrNiMo alloy complying
with the requirements of SAE 316.

3.3 Steel Substrates:

Structural steel must comply with ASTM A 36 and have
minimum thicknesses as shown in Tables 2 and 3.

4.0 DESIGN AND INSTALLATION
4.1 Design:

4.1.1 General: The allowable shear and tension service
loads for the threaded studs installed in steel are found in
Tables 2 and 3. The allowable loads or load combinations
for the fasteners are not allowed to be adjusted for
fasteners subjected to wind loads. Except for fasteners
used with architectural, electrical and mechanical
components as described in Section 13.1.4 of ASCE/SEI
7, use of fasteners to resist earthquake loads is outside the
scope of this report.

Allowable loads for fasteners subjected to combined
shear and tension forces are determined by the following
formula:

(Ps/Py) + (Vs/V) £1

where:
Ps = Applied service tension load, pounds (N).
P = Allowable service tension load, pounds (N).
Vs = Applied service shear load, pounds (N).
Vi = Allowable service shear load, pounds (N).

4.1.2 Wood to Steel Connections: Reference lateral
design loads for fasteners determined in accordance with
Part 11 of ANSI/AF&PA NDS-2005 are applicable to Hilti

ICC-ES Evaluation Reports are not to be construed as representing aesthetics or any other attributes not specifically addressed, nor are they to be construed
as an endorsement of the subject of the report or a recommendation for its use. There is no warranty by ICC Evaluation Service, Inc., express or implied, as
to any finding or other matter in this report, or as to any product covered by the report.

Copyright © 2009
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fasteners of equal or greater diameters. The wood element
must be considered to be the side member. The fastener
bending yield strength is allowed to be taken as the value
noted in the NDS, based on the fastener diameter.

4.2 Installation:

4.2.1 General: The powder-actuated threaded studs
must be installed in accordance with this report and the
manufacturer's published installation instructions. A copy
of these instructions must be available on the jobsite at all
times during installation. Installation is limited to dry,
interior locations, except for stainless steel fasteners,
which may be installed in exterior or damp environments.

Fastener placement requires the use of a Hilti low-
velocity powder-actuated tool in accordance with Hilti
recommendations. Threaded studs must be installed with
stud stand-off, hyys, dimensions as defined in Figure 3 and
Table 1. Minimum spacing between fasteners must be 1
inch (25.4 mm) and minimum edge distance must be '/,
inch (12.7 mm). Installers must be certified by Hilti and
have a current, Hilti-issued, operator’s license.

4.2.2 X-BT Blunt-tip Threaded Studs: The X-BT blunt-
tip threaded studs require a pilot hole predrilled to the
required depth with a Hilti TX-BT 4/7 step shank drill bit, in
accordance with the manufacturer’s published installation
instructions. Installation instructions for the X-BT threaded
studs are illustrated in Figure 5.

5.0 CONDITIONS OF USE

The Hilti Low-Velocity Powder-Actuated Driven Threaded
Studs described in this report comply with, or are suitable
alternatives to what is specified in, those codes listed in
Section 1.0 of this report, subject to the following
conditions:

5.1 The fasteners are manufactured and identified in
accordance with this report.

5.2 Fastener installation complies with this report and the
Hilti, Inc., published instructions. In the event of
conflict between this report and the Hilti, Inc.,
published instructions, this report governs.

5.3 Allowable tension and shear values are as noted in
this report. The stress increases and load reductions
described in IBC Section 1605.3.2 are not allowed for
wind loads acting alone or when combined with
gravity loads. No increase is allowed for vertical loads
acting alone.

5.4 Calculations demonstrating that the applied loads are
less than the allowable loads described in this report
must be submitted to the code official for approval.
The calculations are to be prepared by a registered
design professional where required by the statutes of
the jurisdiction in which the project is constructed.

5.5 Except for fasteners used with architectural, electrical
and mechanical components as described in Section
13.1.4 of ASCE/SEI 7, use of fasteners to resist
earthquake loads is outside the scope of this report.

5.6 Stainless steel threaded studs may be installed in
exterior, damp environments. Use of carbon steel
threaded studs is limited to dry, interior locations.

5.7 Hilti stainless steel threaded studs may be installed in
contact with preservative-treated wood, as set forth in
the applicable code. Use of carbon steel threaded
studs in contact with preservative-treated or fire-
retardant-treated wood is beyond the scope of this
report.

6.0 EVIDENCE SUBMITTED

Data in accordance with the ICC-ES Acceptance Criteria
for Fasteners Power-driven into Concrete, Steel and
Masonry Elements (AC70), dated October 2006.

7.0 IDENTIFICATION

Each package of fasteners is labeled with the product
designation, the manufacturer's name (Hilt), and the
evaluation report number (ESR-2347). An “H”, for Hilti, is
imprinted on the head of each carbon steel threaded stud.
An “HI” is imprinted on the head of each stainless steel
threaded stud. These imprints are shown in Figure 4

8.0 OTHER CODES
8.1 Evaluation Scope:

In addition to the codes referenced in Section 1.0, the
products in this report were evaluated for compliance with
the requirements of the following codes:

B 2006 International Building Code® (2006 1BC)

® 2006 International Residential Code® (2006 IRC)
B 2003 International Building Code® (2003 IBC)

® 2003 International Residential Code® (2003 IRC)
® 2000 International Building Code® (2000 IBC)

® 2000 International Residential Code® (2000 IRC)
® 1997 Uniform Building Code™ (UBC)

8.2 Uses:

The Hilti Powder-Actuated Driven Threaded Studs are
used as alternatives to the bolts used to attach materials to
structural steel, as described in 2006 and 2003 IBC
Section 2204.2, 2000 IBC Section 2209, and UBC Section
2205.11. The fasteners may be used for structures
regulated under the IRC, when an engineered design is
submitted in accordance with 2006 and 2003 IRC Section
R301.1.3 or 2000 IRC Section R301.1.2, as applicable.

8.3 Description:
See Section 3.0
8.4 Design and Installation:

8.4.1 Design: See Section 4.1.1, with the following
modifications:

e The stress increases and load reductions described in
Section 1605.3 of the 2006, 2003 and 2000 IBC, and
the stress increases described in Section 1612.3.2 of
the UBC, are not allowed for wind loads acting alone or
when combined with gravity loads. No increase is
allowed for vertical loads acting alone.

e Except for fasteners used with architectural, electrical
and mechanical components as described in Section
Section 13.1.4 of ASCE/SEI 7-05 (2006 IBC and IRC),
Section 9.6.1 of ASCE/SEI 7-02 (2003 IBC and 2003
IRC) or Section 9.6.1 of ASCE/SEI 7-98 (2000 IBC and
2000 IRC), use of fasteners to resist earthquake loads is
outside the scope of this report.

See Section 4.1.2, with the following modification:

e Reference lateral design loads for fasteners determined
in accordance with Part 11 of ANSI/AF&PA NDS-2005
(2006 IBC and 2006 IRC), Part 11 of ANSI/AF&PA
NDS-2001 (2003 IBC and 2003 IRC), Part 12 of
ANSI/AF&PA NDS-1997 (2000 IBC and 2000 IRC), or
Part Xl of ANSI/NFOPA NDS-1991 (UBC), as
applicable, are applicable to Hilti fasteners of equal or
greater diameters.
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8.4.2 Installation: See Section 4.2.
8.5 Conditions of Use:
See Section 5.0, and the following:

8.5.1 Allowable tension and shear loads are as noted in
Section 4.1.1. The stress increases and load reductions
described in Section 1605.3 of the 2006, 2003 and 2000
IBC, and the stress increases described in Section
1612.3.2 of the UBC, are not allowed for wind loads acting
alone or when combined with gravity loads. No increase is

Section 13.1.4 of ASCE/SEI 7-05 (2006 IBC and IRC),
Section 9.6.1 of ASCE/SEI 7-02 (2003 IBC and IRC) or
Section 9.6.1 of ASCE/SEI 7-98 (2000 IBC and IRC), use
of fasteners to resist earthquake loads is outside the scope
of this report.

8.6 Evidence Submitted:
See Section 6.0.
8.7 Identification:

See Section 7.0.

allowed for vertical loads acting alone.

8.5.2 Except for fasteners used with architectural,
electrical and mechanical components as described in

TABLE 1—THREADED STUD DESCRIPTIONS

SHANK NOMINAL | NOMINAL THREADED STUD STAND-OFF,
DESIGNATION THREAD DIAMETER | THREAD SHANK =1\ ATERIAL? hiws®
DESIGNATION in. (mm) LENGTH LENGTH in. (mm)
in. (mm) in. (mm)
Pointed-Tip
X-EW6H-11-9 UNC Y/s-inch 0.145 (3.7) "he (11) %5 (9) cs %=, (9.5- 12.5)
X-EW6H-20-9 UNC Y/,-inch 0.145 (3.7) 3, (20) %5 (9) cs 25— 715, (185 - 21.5)
X-EW6H-28-9 UNC "4-inch 0.145 (3.7) 15 (28) %5 (9) cs 116 — 1%, (26.5 - 29.5)
X-EW6H-38-9 UNC Ys-inch 0.145 (3.7) 1', (38) %5 (9) cs 116 - 1%hs (36.5 - 39.5)
X-EM8H-11-12 Metric 8 mm 0.177 (4.5) e (12) 1, (12) cs e —°lg (11.5 - 15.5)
X-EM8H-15-12 Metric 8 mm 0.177 (4.5) %lg (15) 1, (12) cs %lg—°ls (15.5 - 19.5)
X-EM8H-25-12 Metric 8 mm 0.177 (4.5) 1 (25) I, (12) cs 1-1%, (25.5-29.5)
X-EM8H-35-12 Metric 8 mm 0.177 (4.5) 1%/ (35) I, (12) cs 15— 136 (35.5 - 39.5)
X-EW10H-30-14 UNC 3/8-inch 0.205 (5.2) 1%/ (30) s (14) cs 1%/5 — 115, (28.0 - 31.0)
X-CRM8-9-12 Metric 8 mm 0.158 (4.0) 3ls (9) I, (12) Ss "6 - P15 (11.0 — 15.0)
X-CRMB8-15-12 Metric 8 mm 0.158 (4.0) %5 (15) 1, (12) Ss *lg - 152 (16.0 — 20.0)
Blunt-Tip
X-BT M8-15-6 Metric 8 mm 0.177 (4.5) %5 (15) i, (6) Ss *lg— 15 (15.7 - 16.8)
X-BT M8-15-6 SN12-R Metric 8 mm 0.177 (4.5) %y (15) i, (6) SS *lg— 15 (15.7 - 16.8)
X-BT W10-24-6 UNC 3/8-inch 0.177 (4.5) e (24) 1, (6) Ss 1- 16 (25.7 - 26.8)
X-BT W10-24-6 SN12-R UNC 3/8-inch 0.177 (4.5) Ple (24) 1, (6) Ss 1- 1'% (25.7 - 26.8)
X-BT M10-24-6 Metric 10 mm 0.177 (4.5) B (24) 1, (6) S 1- 1" (25.7 - 26.8)
X-BT M10-24-6 SN12-R Metric 10 mm 0.177 (4.5) B (24) 1, (6) Ss 1- 1'% (25.7 - 26.8)

'See Figure 3 for depiction of hyys.
2CS = Carbon steel, SS = Stainless steel.

TABLE 2—ALLOWABLE LOADS FOR POINTED-TIP THREADED STUDS DRIVEN INTO STEEL *?*(Ibf)

Steel Thickness (in.)
Fastener D?:.a(?:.) 3is Y, 3 , >3,
Tension Shear Tension Shear Tension Shear Tension Shear Tension Shear
X-EW6H 0.145 360 500 500 600 500 600 500 600 - -
X-EM8H 0.177 - - 700 700 700 700 700 700 - -
X-EW10H 0.205 - - 970 1000 1100 1100 1100 1100 800 800
X-CRM8 0.158 - - 405 405 405 405 405 405 - -

For SI: 1 inch =25.4 mm, 1 Ibf = 4.4 N, 1 psi = 6895 Pa.

Notes:

The tabulated allowable load values are for the threaded studs only. Wood or steel members connected to the substrate must be
investigated in accordance with accepted design criteria.

Tabulated allowable load values based upon embedment in steel such that threaded stud stand-off, hyys, complies with Table 1.

3All allowable load capacities above are based on base steel complying with ASTM A 36, with minimum yield strength (Fy) of 36 ksi and
minimum tensile strength of 58 ksi.
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TABLE 3—ALLOWABLE LOADS FOR BLUNT-TIP (X-BT) THREADED STUDS
DRIVEN INTO STEEL 2 5/16 INCH THICK ***“(Ibf)

Fastener Shank Dia. (in.) Tension Shear

X-BT M8, X-BT M10, or X-BT W10 0.177 405 585

For SI: 1 inch =25.4 mm, 1 Ibf = 4.4 N, 1 psi = 6895 Pa.

Notes:

“The tabulated allowable load values are for the threaded studs only. Wood or steel members connected to the substrate must be
investigated in accordance with accepted design criteria.

*Tabulated allowable load values based upon embedment in steel such that threaded stud stand-off, hyys, complies with Table 1.

® All allowable load capacities above are based on base steel complying with ASTM A 36, with minimum yield strength (F,) of 36 ksi and
minimum tensile strength of 58 ksi.

“Installation of fasteners must be in accordance with Section 4.2.2 and Figure 5 of this report.

Shank
Length
FIGURE 1—POINTED-TIP FIGURE 2—HILTI X-BT BLUNT-TIP
THREADED STUD THREADED STUD WITH AND WITHOUT

SNR12-R SEALING WASHER

hnvs

FIGURE 3—DEPICTION OF THREADED STUD STAND-OFF, hyys,
FOR POINTED-TIP AND BLUNT-TIP THREADED STUDS

FIGURE 4—DEPICTION OF IDENTIFYING HEAD STAMP FOUND ON TOP OF THREADED STUDS:
“H” FOUND ON CARBON STEEL STUDS AND “HI” FOUND ON STAINLESS STEEL STUDS
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1. Mark location for each
fastening

Installation Details

2. Pre-drill with TX-BT 4/7
step shank drill bit

Pre-drill until shoulder grinds a

shiny ring (to assure proper
drilling depth).

Before fastener installation:

The drilled hole must be clear of
liquids and debris. Area around
drilled hole must be free from

3. Drive fastener into drilled
hole only with DX351-BT/
BTG tool and Hilti
£.8/11M High Precision
prown cartricige or
equivalent. High precision
cartridge is a cartridge
with a specific energy
level and a narrow
energy band.

4. Put on material to be fas-
tened, washer and nut

5. Tighten using an electric
screw driver with torque
clutch

liquids and debris.
H wo NO
debris water,

oll, etc.

X X
AVA

/N

Adjust power on the DX351-BT/BTG so that
the fastener standoff, hyy, is:

Fastener Py

X-BT M10-24-6-R 1.012"-1.053" (25.7-26.8 mm)

A-BTW10-24-6-R 1.012"1.055" (25.7—26.8 mm)

X-BT M8-15-R 0.618"-0.661" (15.7-16.2 mm)

Em b omn

M

Proper compression of the sealing washer must be achieved.

LR AT
Power regulation guide to check fastener standoff available from Hilti.

Tightening toraue,
T = 5.0 11 (8 N

Hilti Tool Tomue Setting?
SF121-A 11
SF130-A a
SF 180-A 8

1 Guideline setting onby. Set cuteh to
appropriate setting to obtain desired
torgue.

FIGURE 5—INSTALLATION INSTRUCTIONS FOR HILTI X-BT THREADED STUDS
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7. Hodnoceni zakazniku

Komentare od spokojenych zakazniku

sNerezové hieby X-BT a drzaky mfizovych rostl Hilti pouzivame kvdli ¢asovym Bjorn Helle
Usporam. Samotna montaz je mnohem rychlejsi (nez alternativni postupy) a kromé Pripravné prace
toho Setfime €as také tim, Ze nedochazi k poskozeni povlaku. Zavitovy hreb Hilti Aker Soltuions, Norsko

X-BT se snadno pouziva a ma mnoho aplikaci.

® mrizoveé rosty,

e panely akustické izolace,

e zafizeni pro hasici pfistroje,
lehké drzaky kabeld,

e drzaky znacek.

These applications save us installation time. When the alternative is welding, the
installation takes more time. One benefit is time and cost saving through avoiding
coating damages.”

,Od doby, co pouzivame tento systém, mame podstatné vyssi efektivitu. Nasi ap- Joel Cortejo
likaci je upeviiovani kabelovych lavek k 10mm nosnikim a bézné bychom vrtali ot- Predak pro elektroinstalace
vory a upeviovali drzaky pomoci $roubU, podloZzek a matic, coz je Casové velmi MIS Dubai

naro¢né. Nyni Ize po jednoduchém vsazeni hiebl X-BT pfimo montovat drzak. Zv-
ladnout 2,5 metru dlouhy nosnik se 6 otvory dfive trvalo dvé hodiny. S hfeby X-BT
staci v prméru 17 minut!*

»Na zakladé zkusenosti z podmorskych praci v lodénicich v nigerijském WARRI Raymond Guillaume
jsem doporudil pouZiti vasich htebd X-BT, abychom se v projektu USAN (TOTAL) Vedouci technik
vyhnuli nakladnym opravam (opakovanému svarovani a natirani). Vase hieby jsme Acergy, Francie

pouzili také u montazniho navijaku pro stoupaci vedeni zafizeni TOTAL FPSO v pro-
jektu MOHO BILONDO (pfimé vedeni pro TOTAL).“zz
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