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 بسم ا الرحمن الرحيم  

والصلاة والسلام على رسول ا  أما بعد: ,الحمد 

فهذا كتاب من سلسلة كتب أزمعت العمل عليها في الفترة القادمة والتي تختص بالتكلم عن أنظمة مكافحة الحريق الأكثر 

 .انتشارا في المشاريع في منطقتنا

 .2013 الاصدار  NFPA 13  .. وفي هذا الكتاب كانت المعلومات من  NFPAالمصدر الأساسي للمعلومات هي من المرجع 

من مهندسينا الذين لاحظت عليهم كثرة الاهتمام بالجانب العملي وإغفال  ريقالح مكافحة تقريب علم والهدف من هذه السلسلة

الأمر الذي سيؤدي مع مرور الوقت إلى ضعف في المعلومات وعندها سيصبح المهندس عبارة عن مشرف من دون  ,كبير للجانب العلمي

 مميزات هندسية.

والمعلومات الموجودة في هذا الجزء هي عبارة عن ترجمة من  ,هذه السلسةهذا ما نُصحت به من عدم ترك القراءة وهذا ما أحاول إيصاله عبر 

وعليه فأنني أقدم دعوة لأصحاب الخبرة لتنقيح هذه  ,يجد القارئ بعض نقاط الخلل في العبارة وكيفية عرضها ربمالذا  ,اللغة الانكليزية

 المعلومات لتصبح أكثر وضوحاً ودقة.

 وا الموفق الهادي لا إله إلا هو عليه توكلت وإليه أنيب. ,يطان وما كان من صحة فمن ا وحدههذا وما كان من خطأ فمني ومن الش

 

 

 كتبه م/ رياض فاضل النجار

 هـ 09/02/1436                                                                                                                                                                                                                     

 م  2014/ 12/ 02                                                                                                                                                                                                                     

@

@

 م/ رياض فاضل النجار
 

2 



Z›ñ–€a@aàËi@ÚïbÅ@Ú‹‡»néfl@pbz‹�ñfl@

Æs�e���« q�UO� sL{ s�e���«  U�KDB� W�dF* WK�K��« s� 5�L)« »U�J�« �≈ Ÿu�d�« r�� 

 �F� wN� s�e���« q�UO� WLK�  œ—Ë YO�racksÆ 

 �F� wN� ·d�« Ë√ ·u�d�« WLK�  œ—Ë YO�ËshelvesÆ 

 �F� wN� WO�uD�«  «dL*« WLK�  œ—Ë YO�Ëlongitudinal flueÆ 

 «dL*« WLK�  œ—Ë YO�Ë  �F� wN� WO{dF�«transverse fluesÆ 

 �F� wN� ·u�d�«  U�U�— WLK�  œ—Ë YO�Ëin-rack sprinklersÆ 
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Úflb«@ÚflÜ‘fl@ZfiÎ˛a@›ñ–€a@

Z¸Îc@ »U�J�«  U�KD�� lO� oO�D� r��Ë Æ‚«��ö� WK�UI�« œ«u*« s� WF�«Ë W�uL� qBH�« «c� qLA�42 ÆUM� tK�bF� r�O� U� ô≈ 

Zîbëä€a@ÚÌbª@7Ìb»fl@ZbÓ„bq@

1≠  v�� s�e� ŸUH�—ô ‰Ë_« [UI�ô ULN�A�UM� r�O�Ë ‘U�d�U� W�UL(« ��UF* 5�Oz— 5L�� UM�b�7.6  ŸUH�—ô w�U��«Ë Â
 s� vK�√ s�e�7.6 ÆÂ 

2≠  nOMB� WOJO��ö��« œ«uLK� W�UL(« ��UF* ÕUL��« V�A ���«Ë s�e���« ŸUH�—« fH� W�UL( ÊuJ� ÊQ� s� lK�K� VO
 nOMB�I, II, III, and IVÆ 

ZÚ◊äznΩa@ÂÌåÇn€a@›◊bÓÁ@Zbr€bq  s�e���« q�UO� W�U� ��UF� UN�H� w� W�d��*« s�e���« q�UO� W�U� ��UF� ÊuJ� Ê√ V�
Æ·uHB�« …œbF�� 

@’ˆaäßa@Âfl@ÚÓ„Ü»Ωa@ÒÜ‡«˛a@ÚÌbª@Zb»iaâ_@@—Ó‰ñm@Âfl@…‹é‹€@ÂÌåÇn€a@›◊bÓÁ@Â‡ô@ÒÜ‡«˛aI, II, III, IV@@…‹é€aÎ
ZÚÓÿÓnç˝j€a@

1≠  s� s�e���« ŸUH�—« b�e�Ë vM�*« …bL�√ vK� o�d�K� W�ËUI� œ«u� b�Ëe� Âb� bM�4.6 �S� [ÂV� t  sL{ vM�*« …bL�√ W�U�
Ë√ s�e���« qJO� ∫WO�U��« ‚dD�« s� b�«Ë V�� [vM�*« r�b� ��«Ë WO�√d�« s�e���« qJO� ¡UC�√ 

•  ��U� ‘U�— VO�d� r�� ŸUH�—« vK�4.6 Æw�bF*« œuLF�« s� b�«Ë V�U� �≈ tNO�u� r��Ë [Â 
•  s� qI� ô W�U�* ÊuJ�� nI��«  U�U�— W�U�� vK� œuO�186 Â2  …—«d(« W�—œ W�œU�  U�U�dK�(74°C)   Ë√

 …—«d(« W�—œ WO�U�(141°C)  ‰Ëb'« � `{u� u� UL�16.1.4.1  s� vK�√ s�e� ŸUH�—ô4.6  v��Ë Â6.1 ÂÆ 
•   U�U�— VO�d�ESFR  Ë√CMSA ÆnI��« ÂUEM� 

 

2≠ Æ·u�—  U�U�d� WOL� W��U� s�e� q�UO� sL{ s�e���« ‰U� � UNK� WI�U��« W�UL(« œuM� oO�D� r�� s� 
3≠ ÆWOJO�Ë—bO�«  U�U�(« s� WO�bF*« …bL�_« W�U�  U�U�— o�b� WLO� ·c� `L�� 
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ZÖÜ‡n€a@ÚÓ€b«@ÒÏÀä€a@ZbéflbÅ@

1≠ W�U�� ∫nI��«  U�U�— 
a≠  Ê√ V� nI��«  U�U�d� WOLOLB� W�U�� q�√ ÊS� [nI��«  U�U�— l� „«��ôU� œbL��« WO�U� …u�d�« ‰ULF��« bM�

 ÊuJ�be 0.2 gpm/ft2 (8.1 mm/min)  nOMB� s� lK�K�I  Ë√II  Ë√III nOMB� s� lK�K� W��M�U� U�√ [
IV  ÊuJ��0.25 gpm/ft2 (10.2 mm/min)  qOGA� WIDM* p�–Ë186 Â2Æ 

b≠  u� dLGK� s�“ vB�√ ÊS� [nI��«  U�U�— l� „«��ôU� œbL��« WO�U� …u�d�« ‰ULF��« bM�7  nOMB� s� lK�K� ozU�œI 
 Ë√II  Ë√III  Ë5  nOMB� s� lK�K� ozU�œIVÆ 

c≠  s� vK�√ s�e��K� œbL��« WO�U� …u�d�« ‰ULF��« bM�7.6  v��Ë Â10.7 U� ÊuJ�� UN�S� [Â  U�U�— l� „«��ô
 u� dLGK� s�“ ÊuJ�Ë ÆnI��«5  nOMB� s� lK�K� ozU�œI  Ë√II  Ë√III  Ë4  nOMB� s� lK�K� ozU�œIVÆ 

2≠ ÆnI��«  U�U�— l� „«��ôU� œbL��« WO�U� …u�d�« ÂUE� ‰ULF��« bM� ·u�—  U�U�— VO��� w�«œ ô 
3≠ ∫œbL��« WO�U� …u�d�« WLE�√ n�«u� 

• �K� WK��� ÊuJ� Ê√ V�∫WO�U��«  U�O���« s� b�«u� UI�Ë V�d�Ë W�b 
A≠ jI� nI��« � � V�d� U�bM� p�–Ë [ �F� © …—bI*« WOD)« b�U���« W�U�� nB�(4.6 m × 4.6 m)  s� ôb�

(9.1 m × 9.1 m)®ÆWK�b��«  U�u��*« � s�e���« q�UO� � Ë [—bI*« b�U���« V�� nI��« � [ 
B≠  � VO��K� WK��� ÊuJ� U�bM� bF� …b�«Ë WIO�œ sL{ W�U���« wDF�� UNKO���� UI�Ë V�d�Ë s�e���« q�UO�

Æ‰UF��ô« 
•  s� nI��«Ë s�e���« WL� 5� W�U�*«  œ«“ «–≈ nI��« n�«u� ‰ULF��U� jI� vH�J� ô3.1  s�e���« ŸUH�—« œ«“ Ë√ Â

 s�7.6 ÆÂ 
4≠  r�— bM��«  U�KD�� V�� qOGA��« WI��� WLE�_« n�«u� VO�d� V�3 Æo�U��« 

ZÚj‹ï@“Ïœäi@ÂÌåÇn€a@›◊bÓÁ@ZbçÖbç@

1≠  s� b�e� UN��U�� X�U�Ë ·uHB�« …œbF�� Ë√ W�Ëœe� Ë√ …œdH� s�e� q�UO� � W�K� ·u�— VO�d� bM�1.86 Â2  ô sJ�Ë
 “ËU���5.95 Â2 ·u�d�« X%Ë nI��« �  U�U�d�« VO�d� r�� sJ�Ë [·— q� X% �  U�U�— VO��� w�«œ ö�[

bM� WD�u�*«  q�2 Æw�√— qJA� Â 
2≠  ·d�« W�U�� b�e� U�bM�Ë5.95 Â2  s� s�e���«  U�u��� “ËU& U�bM� Ë√2  X%Ë nI��« �  U�U�— VO�d� r�� [Â

Æ·u�d�« s� Íu��� q� 
3≠  W�Ëœe� s�e���« q�UO� W�U� � Ë√ [WO�u�  «d2 vK� Íu�% ô ŸUH�—« ÍQ�Ë ·uHB�« …œbF�� s�e���« q�UO� W�U� �

U�Ë ·uHB�« v�� ŸUH�—7.6  WO{d�  «d2 œu�Ë W�U� � W�K� ·u�— ��F� ô UM� W�U(U� [WO�u�  «d2 vK� Íu�% ôË Â
 q� bM�1.5  œuM��« V�� WO�U{≈ ·u�—  U�U�— VO��� w�«œ ôË Â1 Ë2Æ 

4≠  u� ·u�d�«  U�U�— 5� wI�_« vB�_« b�U���« ÊuJ� Ê√ V�1.5 ÆÂ 
5≠  bM��« «c� ��UF� oI% Âb� bM�5 s� qI� ô o�b� vK� ·u�d�«  U�U�— ¡U� WOL� bL�F� Ê√ V� t�S� [30 gpm 

(114 L/min)  …dIH�« V�� nI��«  U�U�— W�U( W�“«u*«  U�U�d�« s� w�U��« œbF�« s� oKD�23.81∫ 
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•  lK��« W�UL( s�e���« q�UO� s� jI� b�«Ë Íu��� VO�d� bM�  U�U�— X�I  Ë√II  Ë√IIIÆ 
• M�  U�U�— ÊU� lK��« W�UL( s�e���« q�UO� s� jI� b�«Ë Íu��� VO�d� bIVÆ 
•  lK��« W�UL( s�e���« q�UO� s� b�«Ë Èu��� s� d��√ VO�d� bM� ® Íu��� q� � W�� ©  U�U�— dA�I  Ë√II  Ë√

IIIÆ 
•  lK��« W�UL( s�e���« q�UO� s� b�«Ë Èu��� s� d��√ VO�d� bM� ® Íu��� q� � WF�� © U�U�— dA� l�—√IVÆ 

6≠  X% WO�U{≈ t�Ë  U�U�— VO�d� bM� p�–Ë nI��«  U�U�— W�U( W�“«u� ·u�d�«  U�U�— W�U� ÊuJ� Ê_ w�«œ ô
� qI� ô UI�b� wDF�� W�u�� ·u�d�«  U�U�— ÊuJ�Ë [VK� ·— q� s60 gpm (227 L/min) Æ U�U�— ÊU� s� 

ßa@Zb»ibç@pbÌÎbyÏn–ΩaÚ@ZÛ‹«˛a@Âfl Æ»U�J�« «c� ·b� s� Ã—U� ��F� 

Z“Ïœä€a@pbëbëâ@Zb‰flbq@

1≠ Æ‰Ë«b'« WI�dD� fO�Ë [jI� UOJO�Ë—bO� ��«u*« ”UO�Ë  U�U�d�« œb� »U�� r�� 
2≠ U�bM�   U�U�— b�9 Ê√ V� [·d�« ‰u� s� «¡e� qGA� ��«Ë dD�_« WFK��« W�UL( ·u�d�«  U�U�d� W�U(« ÊuJ�

 q�_« vK� ·u�d�«2.44 © b�«Ë lDI� Ë√ Âone bay ��U� vK� ·d�« ‰u� vK� 5�U&ô« ö� vK� [��√ ULN�√ [®
 dL*« �� UOKF�« …—uD)« wL% ��« ·u�d�«  U�U�— b�bL�� w�«œ ôË ÆUOKF�« …—uD)«aisleÆ 

3≠  b�«Ë ·— � …œu�u*«  U�U�d�« ÊS� p�– bM� [t�u� V��� p�–Ë W�uKD*«  U�U�d�« s� q�√ œbF� s�e���« ·— ÃU�� U�bM�
w� ÆWOJO�Ë—bO�«  U�U�(« � q�b�� ��« 

Z“Ïœä€a@pbëbëâÎ@ÚÓ‘œ˛a@›ïaÏ–€a@Zb»çbm@

1≠  œuJ�« s� r�� Í√ � VKD� U�bM�NFPA 13  ÊS� [UO�√— o�d(« —uD� lM* ·u�d�«  U�U�— l� WOI�√ q�«u� VO�d�
�U� vK� ÊuJ� Ê√ V�Ë WN�UA� œ«u� Ë√ VA� Ë√ WO�bF� Õ«u�√ s� ÊuJ� Ê√ V� q�«uH�«Æ·d�« oL�Ë ‰u� q 

2≠  sL{ q�«uH�« VO�d� V�51 © s�e���« qJO� q�«u� ‰u� UOI�√ r�rack uprightsÆ® 

@Ûny@ÂÌåÇn‹€@paä‡Ωa@pbÀaäœ@pbj‹�nfl@Zaäëb«7.6@I@‚Flue Space RequirementsZH@

1≠ Í√© WO�u�  «d2 œu�u� w�«œ ö� [W�K� ·u�— ÊËœ s�Ë ·uHB�« W�Ëœe� Ë√ …œbF�� s�e���« q�UO� �  5� ⁄«d� œu�Ë
Æ®dNE� «dN�  ôuL(« 

2≠  s� qI� ô w{d� d2 œu�Ë V�152  …œbF�*«Ë W�Ëœe*«Ë …œdH*« q�UO�« � s�e���« qJO� q�«u�Ë  ôuL(« 5� r�
Æ·uHB�« 

3≠ Æw�√d�« UN�U��« � Ë√  «dL*« ÷d� �  «�G� œu�u� `L�� 
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@Zäí«@Üyc@ÂÌåÇn‹€@paä‡Ωa@pbÀaäœ@pbj‹�nfl‹«c@Û7.6@‚Z@

1≠  s� qI� ô w{d� d2 œu�Ë V�152  …œbF�*«Ë W�Ëœe*«Ë …œdH*« q�UO�« � s�e���« qJO� q�«u�Ë  ôuL(« 5� r�
Æ·uHB�« 

•  w�u� d2 œu�Ë V�152 Æ·uHB�« …œbF�� s�e���« q�UO� � r� 
• Æw�√d�« UN�U��« � Ë√  «dL*« ÷d� �  «�G� œu�u� `L�� 

2≠ �  s� qI� ô �U� w�√— ⁄«d� ¡UI� V� [·uHB�« …œbF�*«Ë W�Ëœe*«Ë …œdH*« s�e���« q�UO�152  ‘U�— f�U� 5� r�
Æs�e���« n� WL�Ë ·d�« 
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•  s� qI� ô W�U�0 s�e���« qJO� sL{ t�u�«  U�U�— lI� Ê√ V�76  s� b�e� ô W�U�� Ë qJO�« q�U� s� r�
460 © s�e���« d2 t�Ë s� r�aisle face of storageÆ® 

•  …dL� ŸU� X% Ë√ bM� lI� f�U� l� Ë w{dF�« dL*« l� l�UI��« bM� w�uD�« dL*« ·u�—  U�U�— lI� Ê√ V�
Æs�—ËU:« WOI�_« s�e���« qJO� ¡UC�√ b�√ X% Ë√ vK�√ Ë√ WOI�_« qOL���« 

•  s� qI� ô —«bI0 qJO�« q�U� s� …bOF� ·u�d�«  U�U�— vI�� Ê√ V�76 r� ÆÍdD� qJA� 

 
 qJO�« q�U� vMF� WI�U��« …—uB�« 5��Uprights  WOI�_« qOL���« …dL� vMF�ËbeamsÆ 
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@Ûny@ b–mâ¸@ÚÌb‡ßa@7Ìb»fl@ZÔ„br€a@›ñ–€a7.6@‚@

@pbëbëä€a@fib‡»nçbi@ÚÌb‡ßa@7Ìb»flControl Mode Density/Area SprinklerZ@

Z¸Îc  v�� s�e���« ŸUH�—ô n�u� u� U� V�� ¡U*« œ«b�≈Ë WOJO�Ë—bO� WIDM� bF�_ W�U�*«Ë W�U�J�« b�b% V�3.7  ŸUH�—ôË Â
 vK�√ s�e���«3.7  v��Ë Â7.6 [Â ÆUI�ô d�cO� U� V�� 

bqÓ„Zb@@Ûny@ b–mâ¸@ÚÌb‡ßa@7Ìb»fl3.7@Z‚@

1≠ ÊuJ��  »U�J�« � t�d� o�� U� V�� p�–Ë ŸuM�*« s�e���« W�U� ��UF� V��43 ÆWK�K��« s� 
2≠  »U�J�« � U�d�– o�� ��« W�UL(« ��UF�46  v�� s�e��K� W�u�I� ÊuJ��3.7  ‰Ëb'« V�� Â13.2.1Æ 

@ b–mâ¸@ÚÌb‡ßa@7Ìb»fl@Zbr€bq‹«c@Û3.7@Z‚@

1≠  V�� ¡ULK� nI��«  U�U�— W�U� b�b% Ê√ V�Æw�QO� U� V�� œbF�� Ë√ ÃËœe� Ë√ œdH� s�e���« qJO� ·uH� œb� 
2≠  Ê√ V� nI��«  U�U�— qOGA� W�U��Ë W�U�� ÊS� [WHKG� �� Ë√ WHKG� lK�K� ·uHB�« W�Ëœe� Ë√ …œdH� s�e���« q�UO�

 s� ‰UJ�_« s� œb%16.2.1.3.2(a)  �≈16.2.1.3.2(g)  ‰Ëb'« V�� VO���« ÊuJ�Ë16.2.1.3.2 �Ë V
 bM��« V�� q�bF��« r�� Ê√4 q�UO� VO�d� fHM� W��d*« W�uL;« s�e���« q�UO� vK�  U�KD�*« Ác� oO�D� V�Ë Æ

Æ·uHB�« W�Ëœe� Ë√ …œdH� s�e���«  ÆdL*« ÷d� WLzö* rOLB��«  U�U�� —UO��« V�Ë 
A≠  s� dL*« ÷d� ÊU� «–S�1.2  �≈ Â2.4  ÷dF� dL*« …b�U� ‰ULF��« V� [Â1Æ2  5� V�UM� WOKL� ¡«d�≈ r�� Ë√ [Â

Æ U�U�J�« 
B≠  ÷dF� dL* …UDF*« W�U�J�« X�U� «–≈Ë2.4  ÷dF� d2 vK� o�D� Ê√ V� UN�S� Â2.4 ÆÂ 
C≠  ÷dF� dL* …UDF*« W�U�J�« X�U� «–≈Ë1.2  ÷dF� d2 vK� o�D� Ê√ V� UN�S� Â1.2  v��Ë Â1.07 ÆÂ 
D≠ s� oO{√ dL*« ÊU� «–≈ 1.07Æ·uHB�« …œbF�� s�e���« q�UO� —U���« V� [ 

3≠  ŸUH�—U� s�e���«Ë [·uHB�« …œbF�� s�e���« q�UO�3.7  v��Ë Â7.6 ∫W�K� ·u�— ÊËœ s� [Â 
•  v�� s�e���« qJO� ÷d�4.6  ÷dF� d2 l� Â2.4  nOMB� s� lK�K� ∫÷d�√ Ë√ ÂI, II, III, or IV Ë√ WHKG� [
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Table 16.2.1.3.2 Single- or Double-Row Racks — Storage Height Over 12 ft (3.7 m)
Up to and Including 25 ft (7.6 m)

Height
Commodity

Class Encapsulated

Sprinklers
Mandatory
In-Rack

Ceiling Sprinkler Water Demand

Aisles* With In-Rack Sprinklers Without In-Rack Sprinklers

ft m Figure Curves
Apply Figure
16.2.1.3.4.1 Figure Curves

Apply Figure
16.2.1.3.4.1

Over 12 ft
(3.7 m)
up to and
including
20 ft
(6.1 m)

I

No
4 1.2

No 16.2.1.3.2(a)
C and D

Yes

16.2.1.3.2(a)
F and H

Yes
8 2.4 A and B E and G

Yes
4 1.2

No 16.2.1.3.2(e)
C and D

16.2.1.3.2(e)
G and H

Yes
8 2.4 A and B E and F

II

No
4 1.2

No 16.2.1.3.2(b)
C and D

16.2.1.3.2(b)
G and H

Yes
8 2.4 A and B E and F

Yes
4 1.2

No 16.2.1.3.2(e)
C and D

16.2.1.3.2(e)
G and H

Yes
8 2.4 A and B E and F

III

No
4 1.2

No 16.2.1.3.2(c)
C and D

16.2.1.3.2(c)
G and H

Yes
8 2.4 A and B E and F

Yes
4 1.2

1 level 16.2.1.3.2(f)
C and D

— — —
8 2.4 A and B

IV

No
4 1.2

No 16.2.1.3.2(d)
C and D

16.2.1.3.2(d)
G and H

Yes
8 2.4 A and B E and F

Yes
4 1.2

1 level 16.2.1.3.2(g)
C and D

— — —
8 2.4 A and B

Over 20 ft
(6.1 m)
up to and
including
22 ft
(6.7 m)

I

No 4 1.2
No 16.2.1.3.2(a)

C and D

No

16.2.1.3.2(a)
F and H

Yes
8 2.4 A and B E and G

Yes 4 1.2
1 level 16.2.1.3.2(e)

C and D
— — —

8 2.4 A and B

II

No 4 1.2
No 16.2.1.3.2(b)

C and D
16.2.1.3.2(b)

G and H
Yes

8 2.4 A and B E and F

Yes 4 1.2
1 level 16.2.1.3.2(e)

C and D
— — —

8 2.4 A and B

III

No 4 1.2
No 16.2.1.3.2(c)

C and D
16.2.1.3.2(c)

G and H
Yes

8 2.4 A and B E and F

Yes 4 1.2
1 level 16.2.1.3.2(f)

C and D
— — —

8 2.4 A and B

IV

No 4 1.2
No 16.2.1.3.2(d)

C and D
16.2.1.3.2(d)

G and H
Yes

8 2.4 A and B E and F

Yes 4 1.2
1 level 16.2.1.3.2(g)

C and D
— — —

8 2.4 A and B



Table 16.2.1.3.2 Continued

Height
Commodity

Class Encapsulated

Sprinklers
Mandatory
In-Rack

Ceiling Sprinkler Water Demand

Aisles* With In-Rack Sprinklers Without In-Rack Sprinklers

ft m Figure Curves
Apply Figure
16.2.1.3.4.1 Figure Curves

Apply Figure
16.2.1.3.4.1

Over 22 ft
(6.7 m)
up to and
including
25 ft
(7.6 m)

I

No 4 1.2
No 16.2.1.3.2(a)

C and D

No

16.2.1.3.2(a)
F and H

Yes
8 2.4 A and B E and G

Yes 4 1.2
1 level 16.2.1.3.2(e)

C and D
— — —

8 2.4 A and B

II

No 4 1.2
No 16.2.1.3.2(b)

C and D
16.2.1.3.2(b)

G and H
Yes

8 2.4 A and B E and F

Yes 4 1.2
1 level 16.2.1.3.2(e)

C and D
— — —

8 2.4 A and B

III

No 4 1.2
No 16.2.1.3.2(c)

C and D
16.2.1.3.2(c)

G and H
Yes

8 2.4 A and B E and F

Yes 4 1.2
1 level 16.2.1.3.2(f)

C and D
— — —

8 2.4 A and B

IV

No 4 1.2

1 level

16.2.1.3.2(d)
C and D

— — —
8 2.4 A and B

Yes 4 1.2
16.2.1.3.2(g)

C and D
— — —

8 2.4 A and B

*See 16.2.1.3.2.1 for interpolation of aisle widths.
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o
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e
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o
n
 (

ft
2
) Ceiling sprinkler density (mm/min)

Ceiling sprinkler density (gpm/ft2)

I

+
Single point
design only

A — Single- or double-row racks
with 8 ft (2.44 m) aisles
with high-temperature
ceiling sprinklers and
ordinary-temperature
in-rack sprinklers

B — Single- or double-row
racks with 8 ft (2.44 m)
aisles with ordinary-

 temperature ceiling  
sprinklers and ordinary-

 temperature in-rack
sprinklers

C — Single- or double-row racks
with 4 ft (1.22 m) aisles 
or multiple-row racks with
high-temperature ceiling
sprinklers and ordinary- 

 temperature in-rack
sprinklers

D — Single- or double-row racks
with 4 ft (1.22 m) aisles 
or multiple-row racks with
ordinary-temperature ceiling
sprinklers and ordinary- 

 temperature in-rack 
sprinklers

Curve Legend Curve Legend

E — Single- or double-row racks
with 8 ft (2.44 m) aisles
and high-temperature
ceiling sprinklers

F — Single- or double-row racks
with 4 ft (1.22 m) aisles
and high-temperature
ceiling sprinklers

G — Single- or double-row racks
with 8 ft (2.44 m) aisles
and ordinary-temperature

ceiling sprinklers

H — Single- or double-row racks
with 4 ft (1.22 m) aisles
and ordinary-temperature

ceiling sprinklers 

 I — Multiple-row racks with
8 ft (2.44 m) or wider 
aisles and high-

  temperature ceiling 
sprinklers

J — Multiple-row racks with
8 ft (2.44 m) or wider
aisles and ordinary-

 temperature ceiling
sprinklers

A B

C

D E F

G

JH

FIGURE 16.2.1.3.2(a) Sprinkler System Design Curves — 20 ft (6.1 m) High Rack Storage —
Class I Nonencapsulated Commodities — Conventional Pallets.
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Ceiling sprinkler density (gpm/ft2)

J

I +
Single point
design only

20.4

0.50

A — Single- or double-row racks
with 8 ft (2.44 m) aisles
with high-temperature
ceiling sprinklers and
ordinary-temperature
in-rack sprinklers

B — Single- or double-row racks  
with 8 ft (2.44 m) aisles 
with ordinary-temperature
ceiling sprinklers and 
ordinary-temperature 
in-rack sprinklers

C — Single- or double-row racks
with 4 ft (1.22 m) aisles 
or multiple-row racks with
high-temperature ceiling
sprinklers and ordinary-

 temperature in-rack
sprinklers

D — Single- or double-row racks
with 4 ft (1.22 m) aisles 
or multiple-row racks 
with ordinary-temperature 
ceiling sprinklers and
ordinary-temperature
in-rack sprinklers

Curve Legend Curve Legend

E — Single- or double-row racks
with 8 ft (2.44 m) aisles
and high-temperature
ceiling sprinklers

F — Single- or double-row racks
with 8 ft (2.44 m) aisles
and ordinary-temperature 
ceiling sprinklers

G — Single- or double-row racks
with 4 ft (1.22 m) aisles
and high-temperature 
ceiling sprinklers

H — Single- or double-row racks
with 4 ft (1.22 m) aisles
and ordinary-temperature
ceiling sprinklers

 I — Multiple-row racks with
8 ft (2.44 m) or wider
aisles and high- 

 temperature ceiling 
sprinklers

J — Multiple-row racks with
8 ft (2.44 m) or wider
aisles and ordinary-

 temperature ceiling
sprinklers

A B

C

D E F

G

H

FIGURE 16.2.1.3.2(b) Sprinkler System Design Curves — 20 ft (6.1 m) High Rack Storage —
Class II Nonencapsulated Commodities — Conventional Pallets.
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Ceiling sprinkler density (gpm/ft2)

J

I +
Single point
design only

A — Single- or double-row racks
with 8 ft (2.44 m) aisles  
with high-temperature  
ceiling sprinklers and  
ordinary-temperature 
in-rack sprinklers

B — Single- or double-row racks 
with 8 ft (2.44 m) aisles 
with ordinary-temperature
ceiling sprinklers and 
ordinary-temperature
in-rack sprinklers

C — Single- or double-row racks
with 4 ft (1.22 m) aisles 
or multiple-row racks with
high-temperature ceiling
sprinklers and ordinary-

 temperature in-rack
sprinklers

D — Single- or double-row racks
with 4 ft (1.22 m) aisles 
or multiple-row racks with
ordinary-temperature 
ceiling sprinklers and
ordinary-temperature
in-rack sprinklers

Curve Legend Curve Legend

E — Single- or double-row racks
with 8 ft (2.44 m) aisles
and high-temperature
ceiling sprinklers

F — Single- or double-row racks
with 8 ft (2.44 m) aisles
and ordinary-temperature
ceiling sprinklers

G — Single- or double-row racks
with 4 ft (1.22 m) aisles
and high-temperature
ceiling sprinklers

H — Single- or double-row racks
with 4 ft (1.22 m) aisles
and ordinary-temperature

ceiling sprinklers

 I — Multiple-row racks with
8 ft (2.44 m) or wider
aisles and high-

 temperature ceiling 
sprinklers

J — Multiple-row racks with
8 ft (2.44 m) or wider 
aisles and ordinary-

 temperature ceiling
sprinklers

A B

C

D E F

G

H

FIGURE 16.2.1.3.2(c) Sprinkler System Design Curves — 20 ft (6.1 m) High Rack Storage —
Class III Nonencapsulated Commodities — Conventional Pallets.
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Note: Curves C and D also apply to ceiling sprinklers only for multiple-row 
rack storage up to and including 15 ft (4.57 m) high, and Figure 16.2.1.3.4.1 
shall not be applied.
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0.60

22.4 24.5

A — Single- or double-row racks
with 8 ft (2.44 m) aisles
with high-temperature
ceiling sprinklers and
ordinary-temperature
in-rack sprinklers

B — Single- or double-row racks  
with 8 ft (2.44 m) aisles 
with ordinary-temperature
ceiling sprinklers and
ordinary-temperature
in-rack sprinklers

C — Single- or double-row racks
with 4 ft (1.22 m) aisles or
multiple-row racks with
high-temperature ceiling
sprinklers and ordinary-

 temperature in-rack 
sprinklers

D — Single- or double-row racks
with 4 ft (1.22 m) aisles or
multiple-row racks with
ordinary-temperature 
ceiling sprinklers and
ordinary-temperature
in-rack sprinklers

Curve Legend Curve Legend

E — Single- or double-row racks
with 8 ft (2.44 m) aisles
and high-temperature
ceiling sprinklers

F — Single- or double-row racks
with 8 ft (2.44 m) aisles
and ordinary-temperature
ceiling sprinklers

G — Single- or double-row racks
with 4 ft (1.22 m) aisles
and high-temperature
ceiling sprinklers

H — Single- or double-row racks
with 4 ft (1.22 m) aisles
and ordinary-temperature
ceiling sprinklers

+A B

C

D E F

G

H

Single point 
design only

FIGURE 16.2.1.3.2(d) Sprinkler System Design Curves — 20 ft (6.1 m) High Rack Storage —
Class IV Nonencapsulated Commodities — Conventional Pallets.
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+

A — 8 ft (2.44 m) aisles with
high-temperature ceiling
sprinklers and ordinary-

 temperature in-rack 
sprinklers

B — 8 ft (2.44 m) aisles with
ordinary-temperature ceiling
sprinklers and ordinary-

 temperature in-rack
sprinklers

C — 4 ft (1.22 m) aisles with
high-temperature ceiling
sprinklers and ordinary-

 temperature in-rack  
sprinklers

D — 4 ft (1.22 m) aisles with
ordinary-temperature ceiling
sprinklers and ordinary-

 temperature in-rack 
sprinklers

E — 8 ft (2.44 m) aisles with
high-temperature ceiling
sprinklers

F — 8 ft (2.44 m) aisles with
ordinary-temperature
ceiling sprinklers

G — 4 ft (1.22 m) aisles with
high-temperature ceiling
sprinklers

H — 4 ft (1.22 m) aisles with
ordinary-temperature
ceiling sprinklers

Curve Legend Curve Legend

Single point 
design only

+G

H

A B C D

E

F

FIGURE 16.2.1.3.2(e) Single- or Double-Row Racks — 20 ft (6.1 m) High Rack Storage —
Sprinkler System Design Curves — Class I and Class II Encapsulated Commodities — Conventional Pallets.
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A — 8 ft (2.44 m) aisles with
high-temperature ceiling
sprinklers and ordinary-  

 temperature in-rack 
sprinklers

B — 8 ft (2.44 m) aisles with
ordinary-temperature
ceiling sprinklers and
ordinary-temperature
in-rack sprinklers

Curve Legend Curve Legend

C — 4 ft (1.22 m) aisles with
high-temperature ceiling
sprinklers and ordinary- 

 temperature in-rack 
sprinklers

D — 4 ft (1.22 m) aisles with
ordinary-temperature 
ceiling sprinklers and
ordinary-temperature
in-rack sprinklers

A B C D

FIGURE 16.2.1.3.2(f) Single- or Double-Row Racks — 20 ft (6.1 m) High Rack Storage —
Sprinkler System Design Curves — Class III Encapsulated Commodities — Conventional Pallets.
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A — 8 ft (2.44 m) aisles with
high-temperature ceiling
sprinklers and ordinary- 

 temperature in-rack  
sprinklers

B — 8 ft (2.44 m) aisles with
ordinary-temperature
ceiling sprinklers and
ordinary-temperature
in-rack sprinklers

Curve Legend Curve Legend

C — 4 ft (1.22 m) aisles with
high-temperature ceiling
sprinklers and ordinary- 

 temperature in-rack 
sprinklers

D — 4 ft (1.22 m) aisles with
ordinary-temperature
ceiling sprinklers and
ordinary-temperature
in-rack sprinklers

A B C D

FIGURE 16.2.1.3.2(g) Single- or Double-Row Racks — 20 ft (6.1 m) High Rack Storage —
Sprinkler System Design Curves — Class IV Encapsulated Commodities — Conventional Pallets.



Table 16.2.1.3.3.1 Multiple-Row Racks — Rack Depth Up to and Including 16 ft (4.9 m),
Aisles 8 ft (2.4 m) or Wider and Storage Height Over 12 ft (3.7 m) Up to 25 ft (7.6 m)

Height
Commodity

Class
Encap-
sulated

Sprinklers
Mandatory
In-Rack

Ceiling Sprinkler Water Demand

With In-Rack Sprinklers Without In-Rack Sprinklers

Figure Curves

Apply
Figure

16.2.1.3.4.1
1.25

× Density Figure Curves
Apply Figure
16.2.1.3.4.1

1.25
× Density

Over 12 ft
(3.7 m)
up to and
including
15 ft (4.6
m)

I
No

No

16.2.1.3.2(a)

C and
D

Yes

No 16.2.1.3.2(a) I and J
Yes

No

Yes 16.2.1.3.2(a) Yes 16.2.1.3.2(a) I and J Yes

II
No 16.2.1.3.2(b) No 16.2.1.3.2(b) I and J Yes No

Yes 16.2.1.3.2(b) Yes 16.2.1.3.2(b) I and J Yes

III
No No 16.2.1.3.2(c) No 16.2.1.3.2(c) I and J Yes No

Yes 1 level 16.2.1.3.2(c) Yes NA NA NA

IV

No No 16.2.1.3.2(d) No 16.2.1.3.2(d) C and D No No

Yes 1 level 16.2.1.3.2(d)
A and
B

1.50
× density

NA NA NA

Over 15 ft
(4.6 m)
up to and
including
20 ft (6.1
m)

I
No

No

16.2.1.3.2(a)

C and
D

Yes

No 16.2.1.3.2(a) I and J
Yes

No

Yes 16.2.1.3.2(a) Yes 16.2.1.3.2(a) I and J Yes

II
No 16.2.1.3.2(b) No 16.2.1.3.2(b) I and J

Yes
No

Yes 16.2.1.3.2(b) Yes 16.2.1.3.2(b) I and J Yes

III
No No 16.2.1.3.2(c) No 16.2.1.3.2(c) I and J Yes No

Yes 1 level 16.2.1.3.2(c) Yes

NA NA NA NA
IV

No

1 level

16.2.1.3.2(d) No

Yes
16.2.1.3.2(d) A nd B 1.50

× density

Over 20 ft
(6.1 m)
up to and
including
25 ft (7.6
m)

I
No No 16.2.1.3.2(a)

C and
D

No

No 16.2.1.3.2(a) I and J Yes No

Yes 1 level 16.2.1.3.2(a) Yes

NA NA NA NA

II
No

1 level

16.2.1.3.2(b) No

Yes 16.2.1.3.2(b) Yes

III
No 16.2.1.3.2(c) No

Yes 16.2.1.3.2(c) Yes

IV

No

2 levels

16.2.1.3.2(d) No

Yes
16.2.1.3.2(d)

A and
B

1.50
× density

NA: Not applicable.



Table 16.2.1.3.3.2 Multiple-Row Racks — Rack Depth Over 16 ft (4.9 m) or Aisles
Narrower Than 8 ft (2.4 m), Storage Height Over 12 ft (3.7 m) Up to and Including 25 ft (7.6 m)

Height
Commodity

Class
Encap-
sulated

Sprinklers
Mandatory
In-Rack

Ceiling Sprinkler Water Demand

With In-Rack Sprinklers Without In-Rack Sprinklers

Figure Curves

Apply
Figure

16.2.1.3.4.1
1.25

× Density Figure Curves

Apply
Figure

16.2.1.3.4.1

1.25
× Density

Over 12 ft
(3.7 m) up
to and
including
15 ft (4.6
m)

I
No

No

16.2.1.3.2(a)

C and D Yes

No 16.2.1.3.2(a) I and J
Yes

No

Yes 16.2.1.3.2(a) Yes 16.2.1.3.2(a) I and J Yes

II
No 16.2.1.3.2(b) No 16.2.1.3.2(b) I and J

Yes
No

Yes 16.2.1.3.2(b) Yes 16.2.1.3.2(b) I and J Yes

III
No 16.2.1.3.2(c) No 16.2.1.3.2(c) I and J Yes No

Yes 1 level 16.2.1.3.2(c) Yes

IV

No No 16.2.1.3.2(d) No 16.2.1.3.2(d) C and D No No

Yes 1 level 16.2.1.3.2(d)
1.50

× density

Over 15 ft
(4.6 m) up
to and
including
20 ft (6.1
m)

I
No

1 level

16.2.1.3.2(a)

C and D Yes

No

NA NA NA NA

Yes 16.2.1.3.2(a) Yes

II
No 16.2.1.3.2(b) No

Yes 16.2.1.3.2(b) Yes

III
No 16.2.1.3.2(c) No

Yes 16.2.1.3.2(c) Yes

IV

No 16.2.1.3.2(d) No

Yes
16.2.1.3.2(d) 1.50

× density

Over 20 ft
(6.1 m) up
to and
including
25 ft (7.6
m)

I
No

1 level

16.2.1.3.2(a)

C and D No

No

NA NA NA NA

Yes 16.2.1.3.2(a) Yes

II
No 16.2.1.3.2(b) No

Yes 16.2.1.3.2(b) Yes

III
No 16.2.1.3.2(c) No

Yes 16.2.1.3.2(c) Yes

IV

No

2 levels

16.2.1.3.2(d) No

Yes
16.2.1.3.2(d)

1.50
× density

NA: Not applicable.
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FIGURE 16.2.1.3.4.1 Ceiling Sprinkler Density vs. Storage
Height.

Table 16.2.1.3.4.3 Adjustment to Ceiling Sprinkler Density for Storage Height and In-Rack
Sprinklers

Storage Height In-Rack Sprinklers

Apply Figure
16.2.1.3.4.1 for
Storage Height
Adjustment

Permitted Ceiling Sprinklers
Density Adjustments Where

In-Rack Sprinklers Are
Installed

Over 12 ft (3.7 m) through 25 ft
(7.6 m)

None Yes None

Over 12 ft (3.7 m) through 20 ft
(6.1 m)

Minimum required Yes None

More than minimum, but not in
every tier

Yes Reduce density 20% from
that of minimum in-rack

sprinklers

In every tier Yes Reduce density 40% from
that of minimum in-rack

sprinklers

Over 20 ft (6.1 m) through 24 ft
(7.5 m)

Minimum required No None

More than minimum, but not in
every tier

No Reduce density 20% from
that of minimum in-rack

sprinklers

In every tier No Reduce density 40% from
that of minimum in-rack

sprinklers

Table 16.2.1.4.2.1 In-Rack Sprinkler Spacing for Class I, II, III, and IV Commodities Stored in Single- or
Double-Row Racks Up to 25 ft (7.6 m) in Height Protected by Control Mode Density/Area Sprinklers at the Ceiling

Commodity Class

Aisle Widths I and II III IV

Encapsulated ft m ft m ft m ft m

No 8 2.4 12 3.7 12 3.7 10 3.0
No 4 1.2 12 3.7 10 3.0 10 3.0
Yes — — 8 2.4 8 2.4 8 2.4
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 تعدولاتذكثافةذرذاذاتذالدؼف: -4

ذمذوحتىذ7.7مذوالمحؿيذفؼطذبرذاذاتذدؼفذولؾتخزونذبارتػاعذأكثرذمنذذ7.6مذوحتىذذ7.7لؾتخزونذبارتػاعذأكثرذمنذ -8

ذمنذذ6.8 ذالمأخوذة ذالؽثافات ذيجبذتعدول ذرذاذاتذرفوفذالتخزون, ذمن ذبرذاذاتذدؼفذوالمطؾوبذالأدنى والمحؿي

 .16.2.1.3.4.1حدبذالشؽلذذتصؿقممـحـقاتذال

ذ -2 ذمن ذأعؾى ذبارتػاع ذذ6.8لؾتخزون ذوحتى ذرفوفذذ7.6م ذرذاذات ذمن ذالأدنى ذوالمطؾوب ذدؼف ذبرذاذات ذوالمحؿي م

 .16.2.1.3.4.1.ذولاذوتمذتعدوؾفاذمنذالشؽلذتصؿقمتذالمأخوذةذمنذمـحنيذالالتخزون,ذيجبذادتعؿالذالؽثافا

ذأعؾىذمنذ -7 ذوحتىذذ7.7لؾتخزونذبارتػاع ذوالمحؿيذبرذاذاتذدؼفذ6.8م ذمنذرذاذاتذذم ذمنذمدتويذواحد معذأكثر

ذالشؽلذ ذحدب ذوالمعدلة ذالتصؿقم ذمـحـقات ذمن ذالمأخوذة ذفالؽثافات ذصف, ذكل ذفي ذلقس ذولؽن ذالتخزون, رفوف

 .16.2.1.3.4.3%ذحدبذماذهوذفيذالجدولذذ22نذتخػضذبمؼدارذأ,ذيجبذ16.2.1.3.4.1

ذمنذذ7.6مذوحتىذذ6.8لؾتخزونذبارتػاعذأعؾىذمنذ -4 مذوالمحؿيذبرذاذاتذدؼفذمعذأكثرذمنذالمدتوواتذالمطؾوبةذالدنقا

ذولؽنذلقسذفيذكلذصف, %ذذ22ارذفالؽثافاتذالمأخوذةذمنذمـحـقاتذالتصؿقمذيجبذأنذتخػضذبمؼدذرذاذاتذالرفوف,

 .16.2.1.3.4.1.ذولاذوتمذتعدولذالؽثافاتذحدبذالشؽلذ16.2.1.3.4.3حدبذماذهوذفيذالجدولذ

ذ -5 ذأعؾىذمن ذبارتػاع ذذ7.7لؾتخزون ذوحتى ذفالؽثافاتذذ6.8م ذبرذاذاتذدؼفذورذاذاتذرفوفذفيذكلذصف, والمحؿي

%ذحدبذماذهوذذ42ؼدارذ,ذيجبذأنذتخػضذبم16.2.1.3.4.1المأخوذةذمنذمـحـقاتذالتصؿقمذوالمعدلةذحدبذالشؽلذ

 .16.2.1.3.4.3فيذالجدولذ

ذفالؽثافاتذذ7.6مذوحتىذذ6.8لؾتخزونذبارتػاعذأعؾىذمنذ -6 مذوالمحؿيذبرذاذاتذدؼفذورذاذاتذرفوفذفيذكلذصف,

ذهوذفيذالجدولذذ42المأخوذةذمنذمـحـقاتذالتصؿقمذيجبذأنذتخػضذبمؼدارذ .ذولاذوتمذ16.2.1.3.4.3%ذحدبذما

 .16.2.1.3.4.1ذتعدولذالؽثافاتذحدبذالشؽل

ذ) -7 ذمدتوي ذوبؼاع ذوصؾبة ذللاحتراق ذربؾقاتذقابؾة ذادتعؿال ذslave palletsعـد ذحتى ذبارتػاع ذتخزون ذمع م,ذذ7.6(

ذ ذفيذالأذؽالذمن ذعؾىذربؾقاتذذ(g)16.2.1.3.2إلىذذ(a)16.2.1.3.2فالؽثافاتذمنذمـحـقاتذالتصؿقم والمدتـدة

 %ذلؾؿداحةذالمعطاة.ذ22تؼؾقدوة,ذيجبذأنذتزادذبمؼدارذ

A- 16.2.1.3.4.1يجبذتطبققذالـدبةذعؾىذالؽثافةذالمحددةذحدبذالشؽلذ. 

B- 16.2.1.3.4.3لنذوتمذتطبققذالزوادةذفيذالؽثافةذعـدذتركقبذرذاذاتذالرفوفذحدبذالجدولذ. 

 

ذ -5 ذيجبذادتعؿالذالجدول ذبرفوفذصؾبة, ذالتخزون ذرذاذاتذرفوفذذ16.2.1.3.2لهقاكل ذو ذمعاويرذالؽثافة/المداحة لتحدود

ذالتخزونذيجبذأنذتركبذحدبذ)دادداذمنذالػصلذالأول(.
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 في الشقف. Control Mode Density/Areaم مع رشاشات  6.7حتى  لارتفاع رشاشات رفوف التخزينرابعا: 

 :م 6.7للسلع المخزنة بارتفاع حتى  موقع رشاشات رفوف التخزين

 .16.2.1.3.2فيذهقاكلذالتخزونذمػردةذأوذمزدوجةذالصػوفذمنذدونذرفوفذصؾبة,ذيجبذتركقبذالرذاذاتذحدبذالجدولذ -8

ذعنذ -2 ذالصػوفذبعؿقذلاذوزود ذوبمؿراتذبعرضذذ4.9فيذهقاكلذالتخزونذمتعددة ذأكثر,ذيجبذتركقبذالرذاذاتذذ2.4م ذأو م

 .16.2.1.3.3.1حدبذالجدولذ

م,ذيجبذتركقبذالرذاذاتذحدبذذ2.4مذوبمؿراتذبعرضذأقلذمنذذ4.9بعؿقذوزودذعنذفيذهقاكلذالتخزونذمتعددةذالصػوفذ -7

 .16.2.1.3.3.2الجدولذ

م,ذيجبذأنذتركبذفيذمدتويذالصفذالأولذعـدذأوذذ7.6رذاذاتذرفوفذالتخزونذفيذمدتويذواحدذفؼطذلؾتخزونذبارتػاعذحتىذ -4

 فوقذنصفذارتػاعذالتخزون.

م,ذيجبذأنذتركبذفيذمدتويذالصفذالأولذعـدذأوذفوقذذ7.6خزونذبارتػاعذحتىذرذاذاتذرفوفذالتخزونذفيذمدتووينذفؼطذلؾت -5

 ارتػاعذالتخزون.ذثؾثذوذثؾثي

ذ

 Control Modeوالمحمي برشاشات سقف  م 6.7موقع رشاشات رفوف التخزين للسلع المخزنة بارتفاع حتى 

Density/Area: 

مذدقؽونذذ7.6تباعدذأفؼيذبينذرذاذاتذالرفوفذلهقاكلذالتخزونذمػردةذأوذمزدوجةذالصػوفذوبارتػاعذتخزونذحتىذذأقصى -8

 .16.2.1.4.2.1حدبذالجدولذ

أقصىذتباعدذأفؼيذبينذرذاذاتذالرفوفذوالمداحةذالعظؿىذلتغطقةذالرذاشذفيذخطوطذالػروع,ذلهقاكلذالتخزونذمتعددةذالصػوفذ -2

 .16.2.1.4.2.2مذدقؽونذحدبذالجدولذذ7.6وبارتػاعذتخزونذحتىذ

A- .وتمذاعتؿادذمدؼطذهقاكلذالتخزونذفيذتحدودذمداحةذالتغطقةذلؽلذرذاش 

B- .لنذتدخلذالمؿراتذفيذحداباتذالمداحة 
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ذ

 يجبذتركقبذرذاذاتذالرفوفذفيذتؼارعذالمؿراتذالطولقةذوالعرضقةذحينذلاذتتجاوزذأقصىذتباعدذمدؿوحذبه. -7

A- ذبينذالمؿرات ذالمدافة ذتؽون ذوتركقبذذعـدما ذالتؼارع ذيجبذتركقبذرذاذاتذعـد ذبه, ذالمدؿوح ذالتباعد ذأكبرذمن العرضقة

 رذاذاتذإضافقةذبينذالمؿراتذالعرضقةذلتحؼققذقاعدةذالتباعدذالأقصى.

B- .ذعـدذعدمذوجودذممراتذعرضقة,ذيجبذأنذلاذوزودذتباعدذالرذاذاتذعنذالحدذالأقصىذالمدؿوح

لنذوعتبرذفيذهقاكلذالتخزونذالمػردةذوالمزدوجةذالصػوفذبارتػاعذتخزونذحتىذذمـدوبذعاكسذرذاشذالرفذفقؿاذوتعؾقذبالتخزون -4

 .مذ6.8

ذوبارتػاعذحتىذ -5 ذالصػوفذمنذدونذرفوفذصؾبة ذمزدوجة ذأو ذمػردة ذفيذهقاكلذالتخزونذمتعددةذذ6.8فيذهقاكلذالتخزون ذأو م,

م,ذيجبذوجودذفراغذرأديذذ7.6ىذالصػوف,ذأوذفيذهقاكلذالتخزونذمػردةذأوذمزدوجةذالصػوفذمعذرفوفذصؾبةذوبارتػاعذحت

 ممذبينذعاكسذرذاذاتذالرفوفذوقؿةذصفذالتخزون.ذ852صافيذبمؼدارذ

A- .يجبذعدمذإعاقةذإرلاقذالرذاشذبأعضاءذهقؽلذالتخزونذالأفؼقة 

 ممذبينذعاكسذرذاذاتذالرفوفذوقؿةذصفذالتخزون.ذ852فيذهقاكلذالتخزونذمتعددةذالصػوف,ذيجبذإبؼاءذمدافةذلاذتؼلذعنذ -6

 تباعدذرذاذاتذالرفوفذمنذدونذالـظرذإلىذحواملذهقؽلذالتخزون.يجبذ -7

 Control Modeم والمحمي برشاشات سقف  6.7للسلع المخزنة بارتفاع حتى  من الماء رشاشات رفوف التخزين حاجة

Density/Area: 

 أنذتعتؿدذكؿقةذماءذرذاذاتذالرفوفذعؾىذالتشغقلذالآنيذلرذاذاتذأبعدذمـطؼةذهقدرولقؽقاذحدبذالتالي:ذيجب -8

 .I, II, IIIدتذرذاذاتذعـدذتركقبذمدتويذواحدذفؼطذمنذالرذاذاتذمعذدؾعذمنذتصـقفذ -8

 .IVثمانذرذاذاتذعـدذتركقبذمدتويذواحدذفؼطذمنذالرذاذاتذمعذدؾعذمنذتصـقفذ -2

أوذذIIأوذذIعشرذرذاذاتذ)ذخمدةذفيذكلذمدتويذ(ذعـدذتركقبذأكثرذمنذمدتوىذواحدذمنذهقاكلذالتخزونذلحؿاوةذالدؾعذ -7

III. 

 .IVأربعذعشرذرذاذاذ)ذدبعةذفيذكلذمدتويذ(ذعـدذتركقبذأكثرذمنذمدتوىذواحدذمنذهقاكلذالتخزونذلحؿاوةذالدؾعذ -4
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ذأقلذمنذالرذاذاتذالمطؾو -2 ذيحتاجذرفذالتخزونذلعدد ذذلكذفإنذعـدما ذعـد ذوذلكذبدببذروله, ذالدابؼة( ذالأربعة ذ)فيذالبـود بة

 الرذاذاتذالموجودةذفيذرفذواحدذهيذالتيذدتدخلذفيذالحداباتذالهقدرولقؽقة.

 Control Modeم والمحمي برشاشات سقف  6.7رشاشات رفوف التخزين من الماء للسلع المخزنة بارتفاع حتى  ضغط تشغيل

Density/Area: 

ذ(ذلؽلذأنواعذالدؾع.psi 15بارذ)ذ8وؼلذضغطذتشغقلذرذاذاتذرفوفذالتخزونذعنذيجبذأنذلاذ

 :CMSAمعايير الحناية باستعنال الرشاشات 

 لؾحؿاوةذلؽلذالدؾعذمنذدونذرفوفذصؾبة.ذ16.2.2.1يجبذأنذتؽونذالحؿاوةذحدبذالجدولذ -8

والضغطذالتصؿقؿيذومعاويرذالحداباتذذ,ذفإنذتباعدذالرذاذات16.2.2.1عـدذالحاجةذإلىذرذاذاتذالرفوفذحدبذالجدولذ -2

 الؼادمذحدبذقابؾقةذالتطبقق.ذ7الهقدرولقؽقةذيجبذأنذتؽونذحدبذمتطؾباتذالبـدذ

الملائؿةذوذلكذبفدفذتحؼققذأقلذضغطذتشغقلذوذعددذذNFPAأوذمعاويرذذ86.2.2.8يجبذتزوودذالحؿاوةذحدبذالجدولذ -7

 الرذاذاتذالموجودةذفيذمـطؼةذالتصؿقم.

 (:Open Wood Joist Constructionالخشبية المفتوحة ) الهياكل -4

 ذتركقبذالرذاذاتذ ذذCMSAعـد ذلاذوؼلذعن ذتشغقلذ ذفقجبذأنذتؽونذبضغط ذ)ذ7.4تحتفا ذلؾرذاشذpsi 50بار )

 .K-16.8(ذلؾرذاشذبمعاملذpsi 22بارذ)ذ8.5أوذضغطذتشغقلذذK-11.2بمعاملذ

 ذلؾحروقذبؽا ذمؼاومة ذبمادة ذكانتذقـواتذالهقؽلذمطؾقة ملذالعؿق,ذيجبذالدؿاحذحينذذلكذبادتعؿالذالضغطذالأدنىذإذا

 .CMSAلؾرذاذاتذذ86.2.2.8الموجودذبالجدولذ

 يجبذتصـقفذالأنظؿةذالمدبؼةذالتشغقلذكأنظؿةذجافة.ذ86.2.2.8لغرضذادتعؿالذالجدولذ -5

 نذالموافق.حدبذترتقبذالتخزوذ86.2.2.8لنذتحتاجذالأبـقةذالحدودوةذلمتطؾباتذخاصةذعـدذالتصؿقمذوفؼاذلؾجدولذ -6

 :فيذالدؼفذCMSAمذمعذرذاذاتذذ7.6رذاذاتذرفوفذالتخزونذلارتػاعذحتىذ -7

,ذيجبذتركقبذالرذاذاتذفيذمدتويذالصفذالأولذعـدذأوذ16.2.2.1عـدذالحاجةذإلىذرذاذاتذالرفوفذحدبذالجدولذ -8

 فوقذمـتصفذارتػاعذالتخزون.

 بينذعاكسذرذاذاتذالرفوفذوقؿةذصفذالتخزون.ذممذ852يجبذإبؼاءذمدافةذلاذتؼلذعنذ -2

 يجبذتركقبذرذاذاتذالرفوفذعـدذتؼارعذالمؿراتذالطولقةذوالعرضقة. -7

 م.ذ8.5أقصىذتباعدذبينذرذاذاتذالرفوفذهوذ -4

ذوتركقبذ -5 ذالتؼارع ذيجبذتركقبذرذاذاتذعـد ذبه, ذالمدؿوح ذالتباعد ذأكبرذمن ذبينذالمؿراتذالعرضقة ذالمدافة ذتؽون عـدما

 بينذالمؿراتذالعرضقةذلتحؼققذقاعدةذالتباعدذالأقصى.ذرذاذاتذإضافقة

ذعـدذعدمذوجودذممراتذعرضقة,ذيجبذأنذلاذوزودذتباعدذالرذاذاتذعنذالحدذالأقصىذالمدؿوح. -6

كؿقةذالماءذالمطؾوبةذلؾرذاذاتذالرفوف:ذيجبذأنذتعتؿدذكؿقةذماءذرذاذاتذالرفوفذعؾىذالتشغقلذالآنيذلثؿانذرذاذاتذفيذ -7

 قا.أبعدذمـطؼةذهقدرولقؽ

 15بارذ)ذ8ضغطذالتشغقلذالمطؾوبذلؾرذاذاتذالرفوف:ذيجبذأنذلاذوؼلذضغطذتشغقلذرذاذاتذرفوفذالتخزونذعنذ -8

psi.ذ(ذلؽلذأنواعذالدؾع



Table 16.2.2.1 CMSA Sprinkler Design Criteria for Rack Storage of Class I Through Class IV Commodities
(Encapsulated and Nonencapsulated) Stored Up to and Including 25 ft (7.6 m) in Height

Storage
Arrangement

Commodity
Class

Maximum Storage
Height

Maximum Ceiling/Roof
Height

K-Factor/
Orientation

Type of
System

Number of
Design

Sprinklers

Minimum Operating
Pressure

ft m ft m psi bar

Single-, double-,
and
multiple-row
racks without
solid shelves
(no open-top
containers)

Class I or II

20 6.1 30 9.1

11.2 (160)
Upright

Wet 15 25 1.7

Dry 25 25 1.7

16.8 (240)
Upright

Wet 15 10 0.7

Dry 25 15 1.0

19.6 (280)
Pendent

Wet 15 16 1.1

25 7.6 30 9.1

11.2 (160)
Upright

Wet 20 25 1.7

Dry 30 25 1.7

16.8 (240)
Upright

Wet 15 10 0.7

Dry 30 15 1.0

19.6 (280)
Pendent

Wet 15 16 1.1

Class III

20 6.1 30 9.1

11.2 (160)
Upright

Wet 15 25 1.7

Dry 25 25 1.7

16.8 (240)
Upright

Wet 15 15 1.0

Dry 25 15 1.0

19.6 (280)
Pendent

Wet 15 16 1.1

25 7.6

30 9.1

11.2 (160)
Upright

Wet
15 + 1 level
of in-rack

25 1.7

Dry
25 + 1 level
of in-rack

25 1.7

16.8 (240)
Upright

Wet 15 22 1.5

Dry
25 + 1 level
of in-rack

15 1.0

19.6 (280)
Pendent

Wet 15 16 1.1

35 10.6

11.2 (160)
Upright

Wet
15 + 1 level
of in-rack

25 1.7

Dry
25 + 1 level
of in-rack

25 1.7

16.8 (240)
Upright

Wet
15 + 1 level
of in-rack

15 1.0

Dry
25 + 1 level
of in-rack

15 1.0

19.6 (280)
Pendent

Wet 15 25 1.7

40 12.1
19.6 (280)
Pendent

Wet 15 30 2.1

(continues)



Table 16.2.2.1 Continued

Storage
Arrangement

Commodity
Class

Maximum Storage
Height

Maximum Ceiling/Roof
Height

K-Factor/
Orientation

Type of
System

Number of
Design

Sprinklers

Minimum Operating
Pressure

ft m ft m psi bar

Class IV

20 6.1

25 7.6

11.2 (160)
Upright

Wet 15 50 3.5

16.8 (240)
Upright

Wet 15 22 1.5

19.6 (280)
Pendent

Wet 15 16 1.1

30 9.1

11.2 (160)
Upright

Wet
20 50 3.5

15 75 5.2

16.8 (240)
Upright

Wet 15 22 1.5

19.6 (280)
Pendent

Wet 15 16 1.1

25 7.6

30 9.1

11.2 (160)
Upright

Wet
15 + 1 level
of in-rack

50 3.5

16.8 (240)
Upright

Wet 15 22 1.5

19.6 (280)
Pendent

Wet 15 16 1.1

35 10.6

11.2 (160)
Upright

Wet

20 + 1 level
of in-rack

50 3.5

15 + 1 level
of in-rack

75 5.2

16.8 (240)
Upright

Wet

20 + 1 level
of in-rack

22 1.5

15 + 1 level
of in-rack

35 2.4

19.6 (280)
Pendent

Wet 15 25 1.7

40 12.1
19.6 (280)
Pendent

Wet 15 30 2.1
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Table 16.2.3.1 ESFR Sprinkler Protection of Rack Storage Without Solid Shelves of
Class I Through Class IV Commodities Stored Up to and Including 25 ft (7.6 m) in Height

Storage
Arrangement Commodity

Maximum
Storage Height

Maximum
Ceiling/Roof

Height
Nominal
K-Factor Orientation

Minimum Operating
Pressure

In-Rack Sprinkler
Requirementsft m ft m psi bar

Single-row,
double-row, and
multiple-row
racks (no
open-top
containers)

Class I, II, III, or IV,
encapsulated or
unencapsulated

20 6.1

25 7.6

14.0
(200)

Upright/
pendent

50 3.4 No

16.8
(240)

Upright/
pendent

35 2.4 No

22.4
(320)

pendent 25 1.7 No

25.2
(360)

Pendent 15 1.0 No

30 9.1

14.0
(200)

Upright/
pendent

50 3.4 No

16.8
(240)

Upright/
pendent

35 2.4 No

22.4
(320)

Pendent 25 1.7 No

25.2
(360)

Pendent 15 1.0 No

35 10.7

14.0
(200)

Upright/
pendent

75 5.2 No

16.8
(240)

Upright/
pendent

52 3.6 No

22.4
(320)

Pendent 35 2.4 No

25.2
(360)

Pendent 20 1.4 No

40
12.2 or

12.1

16.8
(240)

Pendent 52 3.6 No

22.4
(320)

Pendent 40 2.8 No

25.2
(360)

Pendent 25 1.7 No

45 13.7

14.0
(200)

Pendent 90 6.2 Yes

16.8
(240)

Pendent 63 4.4 Yes

22.4
(320)

Pendent 40 2.8 No

25.2
(360)

Pendent 40 2.8 No

25 7.6

30 9.1

14.0
(200)

Upright/
pendent

50 3.4 No

16.8
(240)

Upright/
pendent

35 2.4 No

22.4
(320)

Pendent 25 1.7 No

25.2
(360)

Pendent 15 1.0 No

32 9.8

14.0
(200)

Upright/
pendent

60 4.1 No

16.8
(240)

Upright/
pendent

42 2.9 No

(continues)



Table 16.2.3.1 Continued

Storage
Arrangement Commodity

Maximum
Storage Height

Maximum
Ceiling/Roof

Height
Nominal
K-Factor Orientation

Minimum Operating
Pressure

In-Rack Sprinkler
Requirementsft m ft m psi bar

35 10.7

14.0
(200)

Upright/
pendent

75 5.2 No

16.8
(240)

Upright/
pendent

52 3.6 No

22.4
(320)

Pendent 35 2.4 No

25.2
(360)

Pendent 20 1.4 No

40
12.2 or

12.1

16.8
(240)

Pendent 52 3.6 No

22.4
(320)

Pendent 40 2.8 No

25.2
(360)

Pendent 25 1.7 No

45 13.7

14.0
(200)

Pendent 90 6.2 Yes

16.8
(240)

Pendent 63 4.4 Yes

22.4
(320)

Pendent 40 2.8 No

25.2
(360)

Pendent 40 2.8 No
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 و: 6.7بارتفاع حتى  IVإلى  Iللشلع مً تصييف  الخاص لهياكل التخزيًلتصنيه ا

 بشكل شرائح:لرفوف ا

 ًلاًتعمبرًاؾرػوفًفقاؽلًًاعملارًفقاؽلًاؾمىزقنًبرػوفًعؾىًذؽلًذرائحًؿؽاػكةًلهقاؽلًاؾمىزقنًبرػوفًصؾلةًعـدؿايجب

 تحؼققًؿمطؾلاتًاؾلـدًاؾماؾي.عدمًأوًعـدًً(open rack shelvingؿػموحةً)تخزقنً

 ً ًؾمزوقدًؽناػةًلاًتؼلًعنًاؾـظام ًلاًتؼلًعنًًgpm/ft2 (24.5 mm/min) 0.6اؾرربًالمصؿم ػوقًؿياحةًتصؿقم

2000 ft2 (186m2)ًًأوًعـدًادمعؿالًرذاذات,ESFRًًبمعاؿلK-14ًبار4.3ًًغقلًلاًقؼلًعنًبضغطًتش(50 psi)ً

K-22.4ًبمعاؿلESFRًًعـدًادمعؿالًرذاذاتًأوًً(psi 32)بار2.2ًًغقلًلاًقؼلًعنًبضغطًتشK-16.8ًبمعاؿلًأوً

,ًعـدًذؾكً(psi 15)بار1ًًغقلًلاًقؼلًعنًبضغطًتشK-25.2ًبمعاؿلًأوًً(psi 25)بار1.2ًًغقلًلاًقؼلًعنًبضغطًتش

ًاؾشروطً ًؽل ًتواػر ًوبشرط ًاؾصػوفًبرػوفًعؾىًذؽلًذرائح ًؿزدوجة ًأو ًؿػردة ًاؾمىزقن ًفقاؽل ؽؾهًيجبًاؾيؿاحًبحؿاقة

 ؾماؾقة:ا

ؿعًتصـقفًعاديًًK-11.2 (160), K-14.0 (200), or K-16.8 (240)أنًتؽونًاؾرذاذاتًبمعاؿلًيجبً -1

ًعاؾي ًأو ًؿمودط ًالحرارةًأو ًـوعًًدرجة ًرذاذاتًؿن ًتؽون ًيجبًأن ًأو ًلإذغالاتًاؾمىزقن, ًؿيهؾة ًتؽون ويجبًأن

ESFRًًبمعاؿلK-14.0 (200), K-16.8 (240), K-22.4 (320), or K-25.2 (360). 

ؼابؾةًؾؾمؿددAًًأوًبلادمقكًمجؿوعةCًًأوBًًؿوعةًأوًبلادمقكًمجIVًإلىIًًأنًتؽونًاؾيؾعًالمحؿقةًؿنًتصـقفًيجبً -7

 ؿغؾػةًأوًؿؽشوػةًأوًغيرًؼابؾةًؾؾمؿددًوؿغؾػة.

ؿم,ًوتنلتًاؾشرائحًبالمؽانًؿعًتلاعدًػقؿا117ًًعنًًؿمًوبعرضًلاًقؼل11ًأنًتؽونًاؾشرائحًبيؿكًلاًقؼلًعنًيجبً -4

 ؿم.11ًبقـفاًلاًقؼلًعنً

,ًػلاًقيؿحًبترؽقبًK-11.2 (160), K-14.0 (200), or K-16.8 (240)الًرذاذاتًبمعاؿلًعؿمادعـدً -3

 م.4.2ًم,ًػؼطًقيؿحًبترؽقبًدؾكًذلؽيًؾؾرػوفًػوق4.2ًًذرائحًػوقًؿيمويًأعؾىًؿنً

 م.4.1ًؿمًعؾىًتلاعدًأػؼيًلاًقؼلًعن27ًًتواجدًممرًعرضيًلاًقؼلًعنًيجبً -1

ًقؼلًعنًيجبً -7 ًروؾيًلا ًممر ًًؿم117ًتواجد ًاؾصػوف. ًؿزدوجة ًاؾمىزقن ًعـدًوالمؿراتًلهقاؽل ًغيرًؿطؾوبة اؾطوؾقة

 .ESFRًادمعؿالًرذاذات

 م.7.4ًتواػرًممراتًلاًتؼلًعنًيجبً -2

 .ESFRمًفيًحالًادمعؿالًرذاذات1.1ًًمًأو8.7ًًارتػاعًؾؾيؼفًفوًأؼصىً -8

 م.7.1ًارتػاعًؾمىزقنًفوًأؼصىً -1

ؿم,11ًًتجـبًوضعًأؾواحًخشلقةًصؾلةًأوًؿاًذابففاًػوقًرػوفًاؾشرائحًوذؾكًؾعدمًغؾقًاؾػراغاتًبينًاؾشرائحًيجبً -11

 رػوفًعؾىًذؽلًدؾكًذلؽي.ًوؽذؾكًيمـعًوضعًفذهًالأخشابًػوق

ً

ً

ً
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 و 6.7 على مًأمعايير الحناية لارتفاع  الجالح:الفصل 

 :Control Mode Density/Area Sprinklerمعايير الحناية باستعنال الرشاشات 

زقنًغيرًالمغؾفًؿنًدونًرػوفًصؾلةًوالمػصولًبمؿراتًلاًقؼلًقاؽلًاؾمىزقنًبصػوفًؿػردةًأوًؿزدوجة,ًػننًؽؿقةًالما ًؾؾمىلهًأولا:

ً.16.3.1.1مًبينًؼؿةًاؾمىزقنًواؾرذاش,ًالحؿاقةًدمممًحيبًالجدول4.1ًًوجدًؿياػةًلاًتؼلًعنًمًوق1.7ًعرضفاًعنً

%ًعنًاؾؽناػة71ًًوؾؽـفاًؿغؾػةًعـدًذؾكًيجبًزقادةًؽناػةًرذاذاتًاؾيؼفًبمؼدار17.4.1.1ًًلًؽاـتًاؾيؾعًفيًالجدولًحاوفيً

ًؾؾيؾعًاؾغيرًؿغؾػة.

ًاتلاعًالجدولًاؾماؾيًفيًاؾمصؿقم:وقيموينً

ًاؾصػوفؿزدوجةًًاؾصػوفؿػردةًً

ً3000 ft2 (278.7 m2)ً2000 ft2 (186 m2)ً

ordinary temperature–rated sprinklersً

Class Iً0.18 gpm/ft2 (7.33 mm/min)ً

Class II and Class IIIً0.21 gpm/ft2 (8.56 mm/min)ً

Class IVً0.25 gpm/ft2 (10.2 mm/min)ً

high temperature–rated sprinklers 

Class Iً0.25 gpm/ft2 (10.2 mm/min)ً

Class II and Class IIIً0.28 gpm/ft2 (11.41 mm/min)ً

Class IVً0.32 gpm/ft2 (13.04 mm/min)ً

زقنًغيرًالمغؾفًؿنًدونًرػوفًصؾلةًوالمػصولًبمؿراتًلاًقؼلًعرضفاًعنً,ًػننًؽؿقةًالما ًؾؾمىمعددةؿقاؽلًاؾمىزقنًبصػوفًله ا:ىيثا

ً.16.3.1.2مًبينًؼؿةًاؾمىزقنًواؾرذاش,ًالحؿاقةًدمممًحيبًالجدول4.1ًًوجدًؿياػةًلاًتؼلًعنًمًوق1.7ً

%ًعنًاؾؽناػة71ًًوؾؽـفاًؿغؾػةًعـدًذؾكًيجبًزقادةًؽناػةًرذاذاتًاؾيؼفًبمؼدار17.4.1.7ًًلًؽاـتًاؾيؾعًفيًالجدولًحاوفيً

ًؾؾيؾعًاؾغيرًؿغؾػة.

 :Control Mode Density/Area Sprinklerتخزيً عيد حماية الشكف برشاشات الشاشات رفوف رثالجا: 

 رشاشات الرفوف:مواقع 

 ة الصفوف:دوجزالتخزيً مياكل ه

م,ًقمم4.1ًًلهقاؽلًاؾمىزقنًؿزدوجةًاؾصػوفًؿنًدونًرػوفًصؾلةًؿعًوجودًؿياػةًبينًؼؿةًاؾمىزقنًواؾيؼفًلاًتزقدًعنً -1

ًاؾمىز ًرػوف ًرذاذات ًترؽقب ًالجدول ًحيب 16.3.1.1ًًقن ًؿن إلىًً(a)(A)16.3.1.3.1.1والأذؽال

16.3.1.3.1.1(A)(j).ًخؾطًفقاؽلًوعـدًم.4.1ًًالاـملاهًإلىًأنًالمياػةًبينًؼؿةًاؾمىزقنًواؾيؼفًلاًتزقدًعنًًيجبو

ً ًادمعؿال ًيجب ًاؾصػوف ًؿزدوجة ًتخزقن ًفقاؽل ًؿع ًاؾصػوف ًؿػردة ًتخزقن ًؿن16.3.1.1ًًالجدول والأذؽال

16.3.1.3.1.1(A)(a)ًً16.3.1.3.1.1إلى(A)(j).ً
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7- ً ًيجب ًؿن ًالأذؽال ًبادمعؿال ًً(a)(A)16.3.1.3.1.2اؾيؿاح ًً(c)(A)16.3.1.3.1.2إلى ًلحؿاقة مىزقنًاؾفقاؽل

 .ؿػردةًاؾصػوف

وقممًاتلاعA.16.3.1.3.1.1ًًفيًحالًؽاـتًصػوفًاؾمىزقنًؾقيتًبـػسًالارتػاع,ًػقممًوضعًاؾرذاذاتًحيبًاؾشؽلًًؿلاحظة:

ًؾملاعدًاؾرأديًبينًاؾرذاذات.ؾ16.3.1.1ًتعؾقؿاتًالجدولً

ً

 ة الصفوف:ردفالتخزيً مياكل ه

م,ًقمم4.1ًًةًاؾصػوفًؿنًدونًرػوفًصؾلةًؿعًوجودًؿياػةًبينًؼؿةًاؾمىزقنًواؾيؼفًلاًتزقدًعنًردػلهقاؽلًاؾمىزقنًؿ -1

 .(e)(A)16.3.1.3.1.2إلىًً(a)(A)16.3.1.3.1.2الأذؽالًؿنًقنًحيبًترؽقبًرذاذاتًرػوفًاؾمىز

بينًأوجهًالهقاؽلًًـمصفالم,ًعـدؿاًترقكًالأذؽالًرذاذاتًرػوفًفيًالمؿراتًاؾعرضقةًفيًةًاؾصػوفردػفقاؽلًاؾمىزقنًؿفيً -7

(the rack faces)جهًالحؿولاتًو,ًػنـهًيجبًاؾيؿاحًبترؽقبًرذاذاتًاؾرػوفًفيًالمؿراتًاؾعرضقةًفيًأيًـؼطةًبينًأ

(the load faces). 

مًقيموينًترؽقبًػاصلًأػؼيًػوقًاؾمىزقنًؿعًصفًواحدًؿن4.1ًًفيًحالًزادتًالمياػةًبينًؼؿةًاؾمىزقنًواؾيؼفًعنًًؿلاحظة:

ًاؾرذاذاتًتحتًاؾػاصل.

 ة الصفوف:دعدتالتخزيً مياكل ه

ػننًالحؿاقةًدمؽونًحيبًًم,4.1ًؿعًوجودًؿياػةًبينًؼؿةًاؾمىزقنًواؾيؼفًلاًتزقدًعنًةًاؾصػوفًدعدملهقاؽلًاؾمىزقنًؿ -1

ً ًاؾمىزو16.3.1.2ًالجدول ًرػوف ًرذاذات ًترؽقب ًقمم ًحيب ًقن ًؿن إلىًً(a)(A)16.3.1.3.1.3الأذؽال

16.3.1.3.1.3(A)(c). 

ً.IVمًؾؾيؾع1.1ًً,ًولاًتزقدًعنI, II, or IIIًمًؾؾيؾع4.1ًًبينًؼؿةًاؾمىزقنًواؾيؼفًلاًتزقدًعنًلمياػةًا -7

مًقيموينًترؽقبًػاصلًأػؼيًػوقًاؾمىزقنًؿعًصفًواحدًؿن4.1ًًفيًحالًزادتًالمياػةًبينًؼؿةًاؾمىزقنًواؾيؼفًعنًًؿلاحظة:

 اؾرذاذاتًتحتًاؾػاصل.
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 رشاشات الرفوف: باعدت

ًاؾرذاذاتًؿمداخؾةيجبً -1 ًتؽون ًورأدقاً(staggered)ًأن ًًأػؼقا ًؾؾهدول ًوػؼا ًترؽقلفا ًؿن16.3.1.1ًًعـد والأذؽال

16.3.1.3.1.1(A)(a)ًً ًً(j)(A)16.3.1.3.1.1إلى ًؿن إلىًً(a)(A)16.3.1.3.1.2والأذؽال

16.3.1.3.1.2(A)(e). 

 the verticalأػؼقاًوًتؼعًفيًػراغًأػؼيًباؾؼربًؿنًًرػوفًاؾمىزقنًفيًالهقاؽلًؿزدوجةًاؾصػوفرذاذاتًأنًتلاعدًيجبً -7

intervalsًً16.3.1.3.1.1ؿنًًوالأذؽال16.3.1.1ًالموصفًفيًالجدول(A)(a)ًً16.3.1.3.1.1إلى(A)(j). 

4- ً ًفيأؼصى ًاؾمىزقن ًرػوف ًرذاذات ًبين ًأػؼي ًؿنًتلاعد ًالأذؽال ًحيب ًدقؽون ًاؾصػوف ًؿمعددة ًالهقاؽل

16.3.1.3.1.3(A)(a)ًً16.3.1.3.1.3إلى(A)(c). 

 يجبًترؽقبًرذاذاتًاؾرػوفًعـدًتؼارعًالمؿراتًاؾطوؾقةًواؾعرضقة,ًؿعًالمحاػظةًعؾىًؼاعدةًأؼصىًتلاعد. -3

عـدؿاًتؽونًالمياػةًبينًالمؿراتًاؾعرضقةًأؽبرًؿنًاؾملاعدًالميؿوحًبه,ًيجبًترؽقبًرذاذاتًعـدًاؾمؼارعًوترؽقبًرذاذاتً -1

 صى.إضاػقةًبينًالمؿراتًاؾعرضقةًؾموؼققًؼاعدةًاؾملاعدًالأؼ

ًعـدًعدمًوجودًممراتًعرضقة,ًيجبًأنًلاًقزقدًتلاعدًاؾرذاذاتًعنًالحدًالأؼصىًالميؿوح. -7

 اء المطلوبة لرشاشات الرفوف:المكنية 

ًؿـطؼةًفقدروؾقؽقةًحيبًالآتي:أبعدًؾؾرذاذاتًفيًأنًتيمـدًؽؿقةًالما ًالمطؾوبةًؾرذاذاتًاؾرػوفًعؾىًاؾمشغقلًالآـيًيجبً

 .IIIأوIIًًأوIًًدتًرذاذاتًعـدًترؽقبًؿيمويًواحدًػؼطًؿنًفقاؽلًاؾمىزقنًلحؿاقةًاؾيؾعً -1

 .IVدًترؽقبًؿيمويًواحدًػؼطًؿنًفقاؽلًاؾمىزقنًلحؿاقةًاؾيؾعًثمانًرذاذاتًعـ -7

 .IIIأوIIًًأوIًًعشرًرذاذاتً)ًخميةًفيًؽلًؿيمويً(ًعـدًترؽقبًأؽنرًؿنًؿيموىًواحدًؿنًفقاؽلًاؾمىزقنًلحؿاقةًاؾيؾعً -4

 .IVةًفيًؽلًؿيمويً(ًعـدًترؽقبًأؽنرًؿنًؿيموىًواحدًؿنًفقاؽلًاؾمىزقنًلحؿاقةًاؾيؾعًأربعًعشرًرذاذاً)ًدلع -3

 ؾؽلًأـواعًاؾيؾع.ًgpm (113.6 L/min) 30أنًتطؾقًاؾرذاذاتًؿاًلاًقؼلًعنًويجبً



Table 16.3.1.1 Single- or Double-Row Racks Without Solid Shelves of Class I Through Class IV
Commodities Stored Over 25 ft (7.6 m) in Height with Aisles 4 ft (1.2 m) or More in Width

Commodity
Class

In-Rack Sprinklers Approximate Vertical
Spacing at Tier Nearest the Vertical
Distance and Maximum Horizontal

Spacinga,b,c

Figure
Maximum

Storage Height Stagger

Ceiling
Sprinkler
Operating

Area

Ceiling Sprinkler Density Clearance to
Ceiling Up to 10 ft (3.1 m)g

Ordinary
Temperature High Temperature

Longitudinal Flued Facee,f ft2 m2 gpm/ft2 mm/min gpm/ft2 mm/min

I

Vertical 20 ft (6.1 m)
Horizontal 10 ft (3.1 m)
under horizontal barriers

None 16.3.4.1.1.1(a) 30 ft (9.1 m) No

2000 186

0.25 10.2 0.35 14.3

Vertical 20 ft (6.1 m)
Horizontal 10 ft (3.1 m)

Vertical 20 ft
(6.1 m)
Horizontal
10 ft (3.1 m)

16.3.4.1.1.1(b)
Higher than
25 ft (7.6 m)

Yes 0.25 10.2 0.35 14.3

I, II, III

Vertical 10 ft (3.1 m) or at
15 ft (4.6 m) and 25 ft (7.6
m)

None 16.3.4.1.1.1(c) 30 ft (9.1 m) Yes

2000 186

0.3 12.2 0.4 16.3

Vertical 10 ft (3.1 m)
Horizontal 10 ft (3.1 m)

Vertical 30 ft
(9.1 m)
Horizontal
10 ft (3.1 m)

16.3.4.1.1.1(d)

Higher than
25 ft (7.6 m)

Yes 0.3 12.2 0.4 16.3

Vertical 20 ft (6.1 m)
Horizontal 10 ft (3.1 m)

Vertical 20 ft
(6.1 m)
Horizontal
5 ft (1.5 m)

16.3.4.1.1.1(e) Yes 0.3 12.2 0.4 16.3

Vertical 25 ft (7.6 m)
Horizontal 5 ft (1.5 m)

Vertical 25 ft
(7.6 m)
Horizontal
5 ft (1.5 m)

16.3.4.1.1.1(f) No 0.3 12.2 0.4 16.3

Horizontal barriers at 20 ft
(6.1 m)
Vertical intervals — two
lines of sprinklers under
barriers — maximum
horizontal spacing 10 ft
(3.1 m), staggered

16.3.4.1.1.1(g) Yes 0.3 12.2 0.4 16.3

I, II, III, IV

Vertical 15 ft (4.6 m)
Horizontal 10 ft (3.1 m)

Vertical 20 ft
(6.1 m)
Horizontal
10 ft (3.1 m)

16.3.4.1.1.1(h)

Higher than
25 ft (7.6 m)

Yes

2000 186

0.35 14.3 0.45 18.3

Vertical 20 ft (6.1 m)
Horizontal 5 ft (1.5 m)

Vertical 20 ft
(6.1 m)
Horizontal
5 ft (1.5 m)

16.3.4.1.1.1(i) No 0.35 14.3 0.45 18.3

Horizontal barriers at 15 ft
(4.6 m)
Vertical intervals — two
lines of sprinklers under
barriers — maximum
horizontal spacing 10 ft
(3.1 m), staggered

16.3.4.1.1.1(j) Yes 0.35 14.3 0.45 18.3

aMinimum in-rack sprinkler discharge, 30 gpm (114 L/min).
bWater shields required.
cAll in-rack sprinkler spacing dimensions start from the floor.
dInstall sprinklers at least 3 in. (76.2 mm) from uprights.
eFace sprinklers shall not be required for a Class I commodity consisting of noncombustible products on wood
pallets (without combustible containers), except for arrays shown in Figure 16.3.1.3.1.1(A)(g) and
Figure 16.3.1.3.1.1(A)(j).
fIn Figure 16.3.1.3.1.1(A)(a) through Figure 16.3.1.3.1.1(A)(j), each square represents a storage cube that
measures 4 ft to 5 ft (1.2 m to 1.5 m) on a side. Actual load heights can vary from approximately 18 in. to 10 ft
(0.46 m to 3.1 m). Therefore, there can be one load to six or seven loads between in-rack sprinklers that are
spaced 10 ft (3.1 m) apart vertically.
gFor encapsulated commodity, increase density 25 percent.

•



Table 16.3.1.2 Multiple-Row Racks of Class I Through Class IV Commodities Stored
Over 25 ft (7.6 m) in Height

Commodity
Class Encapsulated

In-Rack Sprinklersa,b,c

Height
Limit
(ft) Stagger Figure

Maximum
Spacing from
Top of Storage

to Highest
In-Rack

Sprinklers

Ceiling
Sprinkler

Operating Area

Ceiling Sprinklers Density Clearance to
Ceiling Up to 10 ft

Maximum
Vertical
Spacing

Maximum
Horizontal
Spacing in A

Flue

Maximum
Horizontal
Spacing

across Flue
165°

Rating
286°

Rating

ft m ft m ft m ft m ft2 m2 gpm/ft2 mm/min gpm/ft2
mm/min

I No
20 6.1 12 3.7 10 3.1

None
Between
adjacent
flues

16.3.4.1.3.1(a) 10 3.1

2000 186

0.25 10.2 0.35 14.3

Yes 0.31 0.44

I, II, and III No
15 4.6 10 3.1 10 3.1

16.3.4.1.3.1(b) 10 3.1 0.30 12.2 0.40 16.3

Yes 0.37 0.50 20.4

I, II, III,
and IV

No
10 3.1 10 3.1 10 3.1

16.3.4.1.3.1(c) 5 1.5 0.35 14.3 0.45 18.3

Yes 0.44 0.56

For SI units, °C = 5⁄9 (°F−32); 1 gpm/ft2 = 40.746 mm/min.
aAll four rack faces shall be protected by sprinklers located within the racks and no more than 18 in. (0.46 m)
from the faces, as indicated in Figure 16.3.1.3.1.3(A)(a) through Figure 16.3.1.3.1.3(A)(c). It shall not be
required for each sprinkler level to protect all faces.
bAll in-rack sprinkler spacing dimensions start from the floor.
cIn Figure 16.3.1.3.1.3(A)(a) through Figure 16.3.1.3.1.3(A)(c), each square represents a storage cube measur-
ing 4 ft to 5 ft (1.2 m to 1.5 m) on a side. Actual load heights can vary from approximately 18 in. to 10 ft (0.46 m
to 3.1 m). Therefore, there could be as few as one load or as many as six or seven loads between in-rack sprinklers
that are spaced 10 ft (3.1 m) apart vertically.

Notes: 

1. Symbol x indicates in-rack sprinklers.

2. Each square represents a storage cube measuring 4 ft to 5 ft (1.2 m 
to 1.5 m) on a side. Actual load heights can vary from approximately
18 in. (0.5 m) up to 10 ft (3.1 m). Therefore, there could be as few as
one load or as many as six or seven loads between in-rack sprinklers
that are spaced 10 ft (3.1 m) apart vertically.

Elevation Plan View

x x
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L
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x
A
I
S
L
E

x

x

x

x

x

Barriers shown 
with background

Barrier

FIGURE 16.3.1.3.1.1(A)(a) In-Rack Sprinkler Arrangement, Class I Commodities,
Storage Height 25 ft to Maximum 30 ft (7.6 m to Maximum 9.1 m).
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Elevation Plan View

Notes:

1. Sprinklers labeled 1 (the selected array from Table 16.3.1.1) shall
be required where loads labeled A or B represent top of storage.

2. Sprinklers labeled 1 and 2 shall be required where loads labeled C
or D represent top of storage.

3. Sprinklers labeled 1 and 3 shall be required where loads labeled
E or F represent top of storage.

4. For storage higher than represented by loads labeled F, the cycle
defined by Notes 2 and 3 is repeated, with stagger as indicated.

5. Symbol D or x indicates sprinklers on vertical or horizontal stagger.
6. Each square represents a storage cube measuring 4 ft to 5 ft (1.2 m 

to 1.5 m) on a side. Actual load heights can vary from approximately 
18 in. (0.5 m) up to 10 ft (3.1 m). Therefore, there could be as few as 
one load or as many as six or seven loads between in-rack sprinklers 
that are spaced 10 ft (3.1 m) apart vertically.
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FIGURE 16.3.1.3.1.1(A)(b) In-Rack Sprinkler Arrangement, Class I Commodities,
Storage Height Over 25 ft (7.6 m).

Elevation Plan View (A or B)

Notes:

1. Alternate location of in-rack sprinklers. Sprinklers shall be permitted 
to be installed above loads A and C or above loads B and D.

2. Symbol D or x indicates sprinklers on vertical or horizontal stagger.
3. Each square represents a storage cube measuring 4 ft to 5 ft (1.2 m 

to 1.5 m) on a side. Actual load heights can vary from approximately 
18 in. (0.5 m) up to 10 ft (3.1 m). Therefore, there could be as few
as one load or as many as six or seven loads between in-rack
sprinklers that are spaced 10 ft (3.1 m) apart vertically.
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FIGURE 16.3.1.3.1.1(A)(c) In-Rack Sprinkler Arrangement, Class I, II, or III Commodities,
Storage Height 25 ft to Maximum 30 ft (7.6 m to Maximum 9.1 m).



Elevation Plan View

Notes:

1. Sprinklers labeled 1 shall be required where loads labeled A
represent the top of storage.

2. Sprinklers labeled 1 and 2 shall be required where loads labeled
B or C represent top of storage.

3. Sprinklers labeled 1, 2, and 3 shall be required where loads labeled 
D or E represent top of storage.

4. Sprinklers labeled 1, 2, 3, and 4 shall be required where loads 
labeled F or G represent top of storage.

5. Sprinklers labeled 1, 2, 3, 4, and 5 shall be required where loads 
labeled H represent top of storage.

6. For storage higher than represented by loads labeled H, the cycle 
defined by Notes 3, 4, and 5 is repeated with stagger as indicated.

7. The indicated face sprinklers shall be permitted to be omitted where 
commodity consists of unwrapped or unpackaged metal parts on 
wood pallets.

8. Symbol D or x indicates sprinklers on vertical or horizontal stagger.
9. Each square represents a storage cube measuring 4 ft to 5 ft (1.2 m 

to 1.5 m) on a side. Actual load heights can vary from approximately 
18 in. (0.5 m) up to 10 ft (3.1 m). Therefore, there could be as few as 
one load or as many as six or seven loads between in-rack sprinklers 
that are spaced 10 ft (3.1 m) apart vertically.
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FIGURE 16.3.1.3.1.1(A)(d) In-Rack Sprinkler Arrangement, Class I, II, or III Commodities,
Storage Height Over 25 ft (7.6 m) — Option 1.

Elevation Plan View

Notes:

1. Sprinklers labeled 1 (the selected array from Table 16.3.1.1) shall
be required where loads labeled A or B represent top of storage.

2. Sprinklers labeled 1 and 2 shall be required where loads labeled C

or D represent top of storage.

3. Sprinklers labeled 1 and 3 shall be required where loads labeled E

or F represent top of storage.

4. For storage higher than represented by loads labeled F, the cycle
defined by Notes 2 and 3 is repeated, with stagger as indicated.

5. Symbol D or x indicates sprinklers on vertical or horizontal stagger.

In-rack levels labeled 1 and 2
are shown in this plan view.
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6. Each square represents a storage cube measuring 4 ft to 5 ft (1.2 m 
to 1.5 m) on a side. Actual load heights can vary from approximately 
18 in. (0.5 m) up to 10 ft (3.1 m). Therefore, there could be as few as 
one load or as many as six or seven loads between in-rack sprinklers 
that are spaced 10 ft (3.1 m) apart vertically.

FIGURE 16.3.1.3.1.1(A)(e) In-Rack Sprinkler Arrangement, Class I, II, or III Commodities,
Storage Height Over 25 ft (7.6 m) — Option 2.



Elevation Plan View

Notes:

1. Sprinklers labeled 1 (the selected array from Table 16.3.1.1) shall 
be required where loads labeled A or B represent top of storage.

2. Sprinklers labeled 1 and 2 shall be required where loads labeled C 
or D represent top of storage.

3. Sprinklers labeled 1 and 3 shall be required where loads labeled E
represent top of storage.

4. Sprinklers labeled 1 and 4 shall be required where loads labeled F 
or G represent top of storage.

5. For storage higher than represented by loads labeled G, the cycle 
defined by Notes 2, 3, and 4 is repeated.

6. Symbol x indicates face and in-rack sprinklers.
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7. Each square represents a storage cube measuring 4 ft to 5 ft (1.2 m 
to 1.5 m) on a side. Actual load heights can vary from approximately 
18 in. (0.5 m) up  to 10 ft (3.1 m). Therefore, there could be as few as 
one load or as many as six or seven loads between in-rack sprinklers 
that are spaced 10 ft (3.1 m) apart vertically.

FIGURE 16.3.1.3.1.1(A)(f) In-Rack Sprinkler Arrangement, Class I, II, or III Commodities,
Storage Height Over 25 ft (7.6 m) — Option 3.

Notes:

1. Sprinklers labeled 1 (the selected array from Table 16.3.1.1) shall 
be required where loads labeled A or B represent top of storage.

2. Sprinklers labeled 1 and 2 shall be required where loads labeled C 
or D represent top of storage.

3. Sprinklers labeled 1 and 3 shall be required where loads labeled E
or F represent top of storage.

4. For storage higher than represented by loads labeled F, the cycle 
defined by Notes 2 and 3 is repeated.

5. Symbols o, D, and x indicate sprinklers on vertical or horizontal 
stagger.

Elevation Plan View
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Barrier 6. Each square represents a storage cube measuring 4 ft to 5 ft (1.2 m 
to 1.5 m) on a side. Actual load heights can vary from approximately 
18 in. (0.5 m) up  to 10 ft (3.1 m). Therefore, there could be as few as 
one load or as many as six or seven loads between in-rack sprinklers 
that are spaced 10 ft (3.1 m) apart vertically.

FIGURE 16.3.1.3.1.1(A)(g) In-Rack Sprinkler Arrangement, Class I, II, or III Commodities,
Storage Height Over 25 ft (7.6 m) — Option 4.
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Elevation Plan View

Notes:

1. Sprinklers labeled 1 (the selected array from Table 16.3.1.1) shall 
be required where loads labeled A or B represent top of storage.

2. Sprinklers labeled 1 and 2 shall be required where loads labeled C
or D represent top of storage.

3. Sprinklers labeled 1, 2, and 3 shall be required where loads labeled 
E or F represent top of storage.

4. Sprinklers labeled 1, 2, 3, and 4 shall be required where loads
labeled G represent top of storage.

5. Sprinklers labeled 1, 2, 3, 4, and 5 shall be required where loads 
labeled H represent top of storage.

6. Sprinklers labeled 1, 2, 3, 4, and 6 (not 5) shall be required where 
loads labeled I or J represent top of storage.

7. Sprinklers labeled 1, 2, 3, 4, 6, and 7 shall be required where loads 
labeled K represent top of storage.

8. Sprinklers labeled 1, 2, 3, 4, 6, and 8 shall be required where loads 
labeled L represent top of storage.

9. Sprinklers labeled 1, 2, 3, 4, 6, 8, and 9 shall be required where 
loads labeled M or N represent top of storage.

10. For storage higher than represented by loads labeled N, the cycle 
defined by Notes 1 through 9 is repeated, with stagger as indicated. 
In the cycle, loads labeled M are equivalent to loads labeled A.

11. Symbols o, x, and D indicate sprinklers on vertical or horizontal 
stagger.
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12. Each square represents a storage cube measuring 4 ft to 5 ft (1.2 m 
to 1.5 m) on a side. Actual load heights can vary from approximately 
18 in. (0.5 m) up  to 10 ft (3.1 m). Therefore, there could be as few 
as one load or as many as six or seven loads between in-rack 
sprinklers that are spaced 10 ft (3.1 m) apart vertically.

FIGURE 16.3.1.3.1.1(A)(h) In-Rack Sprinkler Arrangement, Class I, II, III, or IV Commodities,
Storage Height Over 25 ft (7.6 m) — Option 1.

Elevation Plan View (1 and 3)

Notes:

1. Sprinklers labeled 1 (the selected array from Table 16.3.1.1) shall 
be required where loads labeled A or B represent top of storage.

2. Sprinklers labeled 1 and 2 shall be required where loads labeled C 
or D represent top of storage.

3. Sprinklers labeled 1 and 3 shall be required where loads labeled E
or F represent top of storage.

4. For storage higher than represented by loads labeled F, the cycle 
defined by Notes 2 and 3 is repeated.

5. Symbol x indicates face and in-rack sprinklers.
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6. Each square represents a storage cube measuring 4 ft to 5 ft (1.2 m 
to 1.5 m) on a side. Actual load heights can vary from approximately 
18 in. (0.5 m) up  to 10 ft (3.1 m). Therefore, there could be as few as 
one load or as many as six or seven loads between in-rack sprinklers 
that are spaced 10 ft (3.1 m) apart vertically.

FIGURE 16.3.1.3.1.1(A)(i) In-Rack Sprinkler Arrangement, Class I, II, III, or IV Commodities,
Storage Height Over 25 ft (7.6 m) — Option 2.



Notes:

1. Sprinklers labeled 1 (the selected array from Table 16.3.1.1) shall 
be required where loads labeled A or B represent top of storage.

2. Sprinklers labeled 1 and 2 and barrier labeled 1 shall be required 
where loads labeled C represent top of storage.

3. Sprinklers and barriers labeled 1 and 3 shall be required where 
loads labeled D or E represent top of storage.

4. For storage higher than represented by loads labeled E, the cycle 
defined by Notes 2 and 3 is repeated.

5. Symbol D or  x indicates sprinklers on vertical or horizontal stagger.

6. Symbol o indicates longitudinal flue space sprinklers.
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7. Each square represents a storage cube measuring 4 ft to 5 ft (1.2 m 

to 1.5 m) on a side. Actual load heights can vary from approximately 
18 in. (0.5 m) up  to 10 ft (3.1 m). Therefore, there could be as few as 
one load or as many as six or seven loads between in-rack sprinklers 
that are spaced 10 ft (3.1 m) apart vertically.

FIGURE 16.3.1.3.1.1(A)(j) In-Rack Sprinkler Arrangement, Class I, II, III, or IV Commodities,
Storage Height Over 25 ft (7.6 m) — Option 3.

Elevation Plan View

x
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Notes:

1. For all storage heights, sprinklers shall be installed in every 

other tier and staggered as indicated.

2. Symbol D or x indicates sprinklers on vertical or horizontal 

stagger.
3. Each square represents a storage cube measuring 4 ft to 

5 ft (1.2 m to 1.5 m) on a side. Actual load heights can 
vary from approximately 18 in. (0.5 m) up to 10 ft (3.1 m). 
Therefore, there could be as few as one load or as many 
as six or seven loads between in-rack sprinklers 
that are spaced 10 ft (3.1 m) apart vertically.

FIGURE 16.3.1.3.1.2(A)(a) In-Rack Sprinkler Arrangement,
Class I, II, III, or IV Commodities, Single-Row Racks, Storage
Height Over 25 ft (7.6 m) — Option 1.

Elevation Plan View
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Note: Each square represents a storage cube measuring 4 ft 
to 5 ft (1.2 m to 1.5 m) on a side. Actual load heights can 
vary from approximately 18 in. (0.5 m) up to 10 ft (3.1 m). 
Therefore, there could be as few as one load or as many as 
six or seven loads between in-rack sprinklers that are 
spaced 10 ft (3.1 m) apart vertically.

FIGURE 16.3.1.3.1.2(A)(b) In-Rack Sprinkler Arrangement,
Class I, II, or III Commodities, Single-Row Racks, Storage
Height Over 25 ft (7.6 m) — Option 1.



Elevation Plan View
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Note: Each square represents a storage cube 
measuring 4 ft to 5 ft (1.2 m to 1.5 m) on a side. 
Actual load heights can vary from approximately 18 in. 
(0.5 m) up to 10 ft (3.1 m). Therefore, there could be
as few as one load or as many as six or seven loads 
between in-rack sprinklers that are spaced 10 ft 
(3.1 m) apart vertically.

FIGURE 16.3.1.3.1.2(A)(c) In-Rack Sprinkler Arrangement,
Class I, II, or III Commodities, Single-Row Racks, Storage
Height Over 25 ft (7.6 m) — Option 2.

Elevation Plan View
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Note: Each square represents a storage cube measuring 
4 ft to 5 ft (1.2 m to 1.5 m) on a side. Actual load heights 
can vary from approximately 18 in. (0.5 m) up to 10 ft 
(3.1 m). Therefore, there could be as few as one load 
or as many as six or seven loads between in-rack sprinklers 
that are spaced 10 ft (3.1 m) apart vertically.

FIGURE 16.3.1.3.1.2(A)(d) In-Rack Sprinkler Arrangement,
Class I, II, III, or IV Commodities, Single-Row Racks, Storage
Height Over 25 ft (7.6 m) — Option 2.

Elevation Plan View
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Note:  Each square represents a storage cube 
measuring 4 ft to 5 ft (1.2 m to 1.5 m) on a side. 
Actual load heights can vary from approximately 18 in. 
(0.5 m) up to 10 ft (3.1 m). Therefore, there could be 
as few as one load or as many as six or seven loads 
between in-rack sprinklers that are spaced 10 ft 
(3.1 m) apart vertically.

FIGURE 16.3.1.3.1.2(A)(e) In-Rack Sprinkler Arrangement,
Class I, II, III, or IV Commodities, Single-Row Racks, Storage
Height Over 25 ft (7.6 m) — Option 3.



Loading Aisle Elevation

Notes: 

1. Sprinklers labeled 1 shall be required if loads labeled A represent top
of storage.

2. Sprinklers labeled 1 and 2 shall be required if loads labeled B or C
represent top of storage.

3. Sprinklers labeled 1 and 3 shall be required if loads labeled D or E
represent top of storage.

4. For storage higher than represented by loads labeled E, the cycle
defined by Notes 2 and 3 is repeated, with stagger as indicated.

5. Symbol D or x indicates sprinklers on vertical or horizontal stagger.
6. Each square represents a storage cube measuring 4 ft to 5 ft (1.2 m

to 1.5 m) on a side. Actual load heights can vary from approximately
18 in. (0.5 m) up to 10 ft (3.1 m). Therefore, there could be as few as
one load or as many as six or seven loads between in-rack sprinklers
that are spaced 10 ft (3.1 m) apart vertically.

Loading aisle

Plan View

xx x

xx x

xx x
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between sprinklers
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(3.7 m)
between sprinklers

E E
Maximum 10 ft (3.1 m)
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x x x

3

Maximum 20 ft  
(6.1 m) between 
sprinklers and floor

Face 
sprinklers

Loading aisle

FIGURE 16.3.1.3.1.3(A)(a) In-Rack Sprinkler Arrangement, Class I Commodities,
Multiple-Row Racks, Storage Height Over 25 ft (7.6 m).

Loading Aisle Elevation

Notes: 

1. Sprinklers labeled 1 and 2 shall be required if loads labeled A
represent top of storage.

2. Sprinklers labeled 1 and 3 shall be required if loads labeled B or C
represent top of storage.

3. For storage higher than represented by loads labeled C, the cycle
defined by Notes 2 and 3 is repeated, with stagger as indicated.

4. Symbol D or x indicates sprinklers on vertical or horizontal stagger.

Loading aisle

Plan View

Loading aisle

xx x

xx x

xx x
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10 ft (3.1 m)
between sprinklers
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5. Each square represents a storage cube measuring 4 ft to 5 ft (1.2 m 
to 1.5 m) on a side. Actual load heights can vary from approximately 
18 in. (0.5 m) up to 10 ft (3.1 m). Therefore, there could be as few as 
one load or as many as six or seven loads between in-rack sprinklers 
that are spaced 10 ft (3.1 m) apart vertically.

FIGURE 16.3.1.3.1.3(A)(b) In-Rack Sprinkler Arrangement, Class I, II, or III Commodities,
Multiple-Row Racks, Storage Height Over 25 ft (7.6 m).



Notes:

1. Sprinklers labeled 1, 2, and 3 shall be required if loads labeled A
represent top of storage.

2. Sprinklers labeled 1, 2, and 4 shall be required if loads labeled B
represent top of storage.

3. For storage higher than represented by loads labeled B, the cycle
defined by Notes 1 and 2 is repeated, with stagger as indicated.

4. Symbol D or x indicates sprinklers on vertical or horizontal stagger.

Loading aisle

Plan View

Loading aisle

xx x
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xx x

Maximum 
10 ft (3.1 m)
between sprinklers
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10 ft (3.1 m)
between sprinklers

B B
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A A

1

2

x x x

3
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(3.1 m) between 
sprinklers and floor

Loading Aisle Elevation

Face 
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4

x x x
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5. Each square represents a storage cube measuring 4 ft to 5 ft (1.2 m 
to 1.5 m) on a side. Actual load heights can vary from approximately 
18 in. (0.5 m) up to 10 ft (3.1 m). Therefore, there could be as few as 
one load or as many as six or seven loads between in-rack sprinklers 
that are spaced 10 ft (3.1 m) apart vertically.

FIGURE 16.3.1.3.1.3(A)(c) In-Rack Sprinkler Arrangement, Class I, II, III, or IV Commodities,
Multiple-Row Racks, Storage Height Over 25 ft (7.6 m).
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 EXHIBIT 16.7 Positioning of In-Rack Sprinklers in
.(Accordance with Figure 16.3.1.3.1.1(a
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 EXHIBIT 16.8 Positioning of In-Rack Sprinklers in
.(Accordance with Figure 16.3.1.3.1.1(b
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 EXHIBIT 16.9 Positioning of In-Rack Sprinklers in
.(Accordance with Figure 16.3.1.3.1.1(c
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 EXHIBIT 16.10 Positioning of In-Rack Sprinklers in
.(Accordance with Figure 16.3.1.3.1.1(d
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 EXHIBIT 16.11 Positioning of In-Rack Sprinklers in
.(Accordance with Figure 16.3.1.3.1.1(e
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 EXHIBIT 16.12 Positioning of In-Rack Sprinklers in
.(Accordance with Figure 16.3.1.3.1.1(f
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 EXHIBIT 16.13 Positioning of In-Rack Sprinklers in
.(Accordance with Figure 16.3.1.3.1.1(g



N

M

L

K

J

I

H

G

F

E

D

C

B

A

AISLE

B
B

A
A

D
D

C
C

E
E

I
I

G
G

F
F

H
H

K
K

J
J

L
L

N
N

M
M

4

1
Face

sprinklers

1

2

Face

sprinklers

3

Face

sprinklers
5

6

7

8
Face

sprinklers

9

 EXHIBIT 16.14 Positioning of In-Rack Sprinklers in
.(Accordance with Figure 16.3.1.3.1.1(h
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 EXHIBIT 16.15 Positioning of In-Rack Sprinklers in
.(Accordance with Figure 16.3.1.3.1.1(i
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 EXHIBIT 16.16 Positioning of In-Rack Sprinklers in
.(Accordance with Figure 16.3.1.3.1.1(j



 EXHIBIT 16.17 Positioning of In-Rack Sprinklers in
.(Accordance with Figure 16.3.1.3.1.2(a

 EXHIBIT 16.18 Positioning of In-Rack Sprinklers in
.(Accordance with Figure 16.3.1.3.1.2(b
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 EXHIBIT 16.19 Positioning of In-Rack Sprinklers in
.(Accordance with Figure 16.3.1.3.1.2(c

 EXHIBIT 16.20 Positioning of In-Rack Sprinklers in
.(Accordance with Figure 16.3.1.3.1.2(d
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 EXHIBIT 16.21 Positioning of In-Rack Sprinklers in
.(Accordance with Figure 16.3.1.3.1.2(e
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 EXHIBIT 16.22 Positioning of In-Rack Sprinklers in
.(Accordance with Figure 16.3.1.3.1.3(a
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 EXHIBIT 16.23 Positioning of In-Rack Sprinklers in
.(Accordance with Figure 16.3.1.3.1.3(b
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 EXHIBIT 16.24 Positioning of In-Rack Sprinklers in
.(Accordance with Figure 16.3.1.3.1.3(c



@pbëbëä€a@fib‡»nçbi@ÚÌb‡ßa@7Ìb»flCMSAZ@

1≠  ‰Ëb'« V�� W�UL(« ÊuJ� Ê√ V�16.3.2.1 ÆW�K� ·u�— ÊËœ s� lK��« qJ� W�UL�K� 
2≠  ‰Ëb'« V�� ·u�d�«  U�U�— �≈ W�U(« bM�16.3.2.1  U�U�(« ��UF�Ë wLOLB��« jGC�«Ë  U�U�d�« b�U�� ÊS� [

 bM��«  U�KD�� V�� ÊuJ� Ê√ V� WOJO�Ë—bO�«ÆWFK�K� oO�D��« WOK�U� V�� Y�U��« qBH�« s� U��U� 
3≠  ‰Ëb'« V�� W�UL(« b�Ëe� V�16Æ3Æ2.1  ��UF� Ë√NFPA  œb� Ë qOGA� jG{ q�√ oOI% ·bN� p�–Ë WLzö*«

*«  U�U�d�«ÆrOLB��« WIDM� � …œu�u 

4≠ © W�u�H*« WO�A)« q�UO�«Open Wood Joist Construction∫® 

•   U�U�d�« VO�d� bM�CMSA  s� qI� ô  qOGA� jGC� ÊuJ� Ê√ V�O� UN�%3.4 © —U�50 psi ‘U�dK� ®
 q�UF0K-11.2  qOGA� jG{ Ë√1.5 © —U�22 psi q�UF0 ‘U�dK� ®K-16.8Æ 

• «–≈  v�œ_« jGC�« ‰ULF��U� p�– 5� ÕUL��« V� [oLF�« q�UJ� o�d�K� W�ËUI� …œU0 WOKD� qJO�«  «uM� X�U�
 ‰Ëb'U� œu�u*«16Æ3Æ2.1   U�U�dK�CMSAÆ 

5≠  ‰Ëb'« ‰ULF��« ÷dG�16Æ3Æ2.1 ÆW�U� WLE�Q� qOGA��« WI��*« WLE�_« nOMB� V� 
6≠ � W�U�  U�KD�* W�b�b(« WOM�_« ÃU�% s� ‰Ëb�K� UI�Ë rOLB��« bM16Æ3Æ2.1 Æo�«u*« s�e���« VO�d� V�� 
7≠  ŸUH�—ô s�e���« ·u�—  U�U�—s� vK�√ 7.6   U�U�— l� ÂCMSA nI��« �∫ 

1≠  ‰Ëb'« V�� ·u�d�«  U�U�— �≈ W�U(« bM�16.3.2.1 Ë√ bM� ‰Ë_« nB�« Íu��� �  U�U�d�« VO�d� V� [
Æs�e���« ŸUH�—« nB�M� ‚u� 

2≠ V�  s� qI� ô W�U�� ¡UI�≈152 Æs�e���« n� WL�Ë ·u�d�«  U�U�— f�U� 5� r� 
3≠ ÆWO{dF�«Ë WO�uD�«  «dL*« l�UI� bM� ·u�d�«  U�U�— VO�d� V� 
4≠  u� ·u�d�«  U�U�— 5� b�U�� vB�√1.5 ÆÂ 
5≠ bM�  U�U�— VO�d� V� [t� ÕuL�*« b�U���« s� ��√ WO{dF�«  «dL*« 5� W�U�*« ÊuJ� U�bM�  VO�d�Ë l�UI��«

ÆvB�_« b�U���« …b�U� oOI��� WO{dF�«  «dL*« 5� WO�U{≈  U�U�— 
6≠ ÆÕuL�*« vB�_« b(« s�  U�U�d�« b�U�� b�e� ô Ê√ V� [WO{d�  «d2 œu�Ë Âb� bM� 
7≠  ÊUL�� w�ü« qOGA��« vK� ·u�d�«  U�U�— ¡U� WOL� bL�F� Ê√ V� ∫·u�d�«  U�U�dK� W�uKD*« ¡U*« WOL� �  U�U�—

ÆUOJO�Ë—bO� WIDM� bF�√ 
8≠  s� s�e���« ·u�—  U�U�— qOGA� jG{ qI� ô Ê√ V� ∫·u�d�«  U�U�dK� »uKD*« qOGA��« jG{1 © —U�15 

psiÆlK��« Ÿ«u�√ qJ� ® 
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@pbëbëä€a@fib‡»nçbi@ÚÌb‡ßa@7Ìb»flESFRZ@

1≠  ‰Ëb'« V�� W�UL(« ÊuJ� Ê√ V�16.3.3.1 ÆlK��« qJ� W�UL�K� 
2≠   U�U�d�« ‰ULF��U� `L�� ôESFR  W�K� ·u�d� s�e� q�UO� l�  U�ËU� Ë√ ‰UF��ö� WK�U� œ«u� Íu�% q�UO� l� ôË

ÆvK�_« s� W�u�H� Êu�d� Ë√ 
3≠   U�U�— WLE�√ rOLB� V�ESFR  ‰Ëb'« � œu�u*« s� v�œ_« qOGA��« jG{ qI� ô YO�16.3.3.1  s�e���« ŸuM�

e���« ŸUH�—«Ë WFK��«ËÆvM�*« ŸUH�—«Ë s� 
4≠  rOLB��« WIDM� qLA� Ê√ V�12 ÆUOJO�Ë—bO� WIDM� bF�√ � Ÿd� j� q� � WF�—√ [‘U�— 
5≠  ‰Ëb'« s� VKD� U�bM�16.3.3.1 q�UF0Ë …—«d(« W�—œ W�œU�Ë W�U���ô« WF�d� ·u�—  U�U�— s� b�«Ë Íu��� [

K-8.0 (115) or K-11.2 (160)Ë V�d� Íu��� � rN�O�d� V� [ vB�_« s�e���« ŸUH�—« nB�M� s� b�e� ô sJ�
Æt� ÕuL�*« 

1≠  s� qI� ô W�U�� ¡UI�≈ V�152 Æs�e���« n� WL�Ë ·u�d�«  U�U�— f�U� 5� r� 
2≠  u� ·u�d�«  U�U�— 5� b�U�� vB�√1.5 ÆÂ 
3≠  vB�√ …b�U� vK� WE�U;« l� [WO{dF�«Ë WO�uD�«  «dL*« l�UI� bM� ·u�d�«  U�U�— VO�d� V�Æb�U�� 
4≠  VO�d�Ë l�UI��« bM�  U�U�— VO�d� V� [t� ÕuL�*« b�U���« s� ��√ WO{dF�«  «dL*« 5� W�U�*« ÊuJ� U�bM�

ÆvB�_« b�U���« …b�U� oOI��� WO{dF�«  «dL*« 5� WO�U{≈  U�U�— 
5≠ ÆÕuL�*« vB�_« b(« s�  U�U�d�« b�U�� b�e� ô Ê√ V� [WO{d�  «d2 œu�Ë Âb� bM� 
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6≠ OL� �  U�U�— ÊUL�� w�ü« qOGA��« vK� ·u�d�«  U�U�— ¡U� WOL� bL�F� Ê√ V� ∫·u�d�«  U�U�dK� W�uKD*« ¡U*« W
ÆUOJO�Ë—bO� WIDM� bF�√ 

7≠  bM��« � ·— ‘U�— q�8  s� qI� ô U� oKD� Ê≈ V�60 gpm (227 L/min)Æ 

@—Ó‰ñm@Âfl@…‹é‹€@ÂÌåÇn€a@›◊bÓ:@òb®a@·Ó‡ñn€aI@@µgIV@@ b–mâbicÂfl@Û‹«@7.6@Z‚@

1≠  s� vK�√ s�e��K� œbL��« WO�U� …u�d�« WLE�√ ‰ULF��« bM�7.6  v��Ë Â10.7  l� „«��ôU� r�ULF��« V� t�S� [Â
ÆnI�  U�U�— 

2≠  ÊuJ� Ê√ V� vB�_« dLG�« s�“5  nOMB� s� lK�K� ozU�œI, II, or III Ë4  nOMB� s� lK�K� ozU�œIVÆ 
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Table 16.3.3.1 ESFR Sprinkler Protection of Rack Storage Without Solid Shelves of
Class I Through Class IV Commodities Stored Over 25 ft (7.6 m) in Height

Storage
Arrangement Commodity

Maximum
Storage
Height

Maximum
Ceiling/

Roof
Height

Nominal
K-Factor Orientation

Minimum
Operating
Pressure In-Rack

Sprinkler
Requirements

Hose Stream
Allowance

Water
Supply

Duration
(hours)ft m ft m psi bar gpm L/min

Single-, double-,
and
multiple-row
rack (no
open-top
containers)

Class I, II, III, or
IV, encapsulated
or
nonencapsulated

30 9.1

35 10.7

14.0
(200)

Upright/pendent 75 5.2 No

250 946 1

16.8
(240)

Upright/
pendent

52 3.6 No

22.4
(320)

Pendent 35 2.4 No

25.2
(360)

Pendent 20 1.4 No

40 12.2

14.0
(200)

Pendent 75 5.2 No

16.8
(240)

Pendent 52 3.6 No

22.4
(320)

Pendent 40 2.8 No

25.2
(360)

Pendent 25 1.7 No

45 13.7

14.0
(200)

Pendent 90 6.2 Yes

16.8
(240)

Pendent 63 4.3 Yes

22.4
(320)

Pendent 40 2.8 No

25.2
(360)

Pendent 40 2.8 No

35 10.7

40 12.2

14.0
(200)

Pendent 75 5.2 No

16.8
(240)

Pendent 52 3.6 No

22.4
(320)

Pendent 40 2.8 No

25.2
(360)

Pendent 25 1.7 No

45 13.7

14.0
(200)

Pendent 90 6.2 Yes

16.8
(240)

Pendent 63 4.3 Yes

22.4
(320)

Pendent 40 2.8 No

25.2
(360)

Pendent 40 2.8 No

40 12.2 45 13.7

16.8
(240)

Pendent 63 4.3 Yes

22.4
(320)

Pendent 40 2.8 No

25.2
(360)

Pendent 40 2.8 No



@@@@@@@@@@@@@@@@@@@@@@@ÍÖaäÌg@äéÓm@bfl@aàÁ 

@

‚@Ü‰j€a@Úz–ñ€a@
1@›ñ–€a@aàËi@ÚïbÅ@Ú‹‡»néfl@pbz‹�ñfl@3@
2@Úflb«@ÚflÜ‘fl@ZfiÎ˛a@›ñ–€a@4@
3@@Ûny@ b–mâ¸@ÚÌb‡ßa@7Ìb»fl@ZÔ„br€a@›ñ–€a7.6@‚@9@
@@pbëbëä€a@fib‡»nçbi@ÚÌb‡ßa@7Ìb»flControl Mode Density/Area Sprinkler@9@
@@pbëbëä€a@fib‡»nçbi@ÚÌb‡ßa@7Ìb»flCMSA@21@
@@pbëbëä€a@fib‡»nçbi@ÚÌb‡ßa@7Ìb»flESFR@24@
@@—Ó‰ñm@Âfl@…‹é‹€@ÂÌåÇn€a@›◊bÓ:@òb®a@·Ó‡ñn€aI@@µgIV@@Ûny@ b–mâbi7.6@‚@27@
4@›ñ–€a@@Âfl@Û‹«c@ b–mâ¸@ÚÌb‡ßa@7Ìb»fl@Zs€br€a7.6@‚@28@
@@pbëbëä€a@fib‡»nçbi@ÚÌb‡ßa@7Ìb»flControl Mode Density/Area Sprinkler@28@
@@pbëbëä€a@fib‡»nçbi@ÚÌb‡ßa@7Ìb»flCMSA@49@
@@pbëbëä€a@fib‡»nçbi@ÚÌb‡ßa@7Ìb»flESFR@50@
@@—Ó‰ñm@Âfl@…‹é‹€@ÂÌåÇn€a@›◊bÓ:@òb®a@·Ó‡ñn€aI@@µgIV@@ b–mâbi@Âfl@Û‹«c7.6@‚@51@
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