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 تسى الله انزحمٍ انزحٍى  

 أيا تعذ0 ,الحًذ لله ًانصلاج ًانسلاو عهى رسٌل الله

فيذا كراب يٍ سهسهح كرة أسيعد انعًم عهٍيا في انفترج انقاديح ًانتي تخرص تانركهى عٍ أَظًح يكافحح الحزٌق الأكثز 

 .اَرشارا في الدشارٌع في ينطقرنا

 .2013 الاصذار  NFPA 13  .. ًفي ىذا انكراب كاَد الدعهٌياخ يٍ  NFPAالدصذر الأساسً نهًعهٌياخ ىً يٍ الدزجع 

يٍ يينذسٍنا انذٌٍ لاحظد عهٍيى كثزج الاىرًاو تالجاَة انعًهً ًإغفال  زٌقالح يكافحح ذقزٌة عهى ًالذذف يٍ ىذه انسهسهح

الأيز انذي سٍؤدي يع يزًر انٌقد إلى ظعف في الدعهٌياخ ًعنذىا سٍصثح الدينذص عثارج عٍ يشزف يٍ دًٌ  ,كثير نهجاَة انعهًً

 ممٍشاخ ىنذسٍح.

ًالدعهٌياخ الدٌجٌدج في ىذا الجشء ىً عثارج عٍ ذزجمح يٍ  ,ىذه انسهسحىذا يا َُصحد تو يٍ عذو ذزك انقزاءج ًىذا يا أحاًل إٌصانو عبر 

ًعهٍو فأَني أقذو دعٌج لأصحاب الخبرج نرنقٍح ىذه  ,يجذ انقارئ تعط َقاط الخهم في انعثارج ًكٍفٍح عزظيا ربمانذا  ,انهغح الاَكهٍشٌح

 الدعهٌياخ نرصثح أكثز ًظٌحاً ًدقح.

 ًالله الدٌفق الذادي لا إنو إلا ىٌ عهٍو ذٌكهد ًإنٍو أٍَة. ,ٍطاٌ ًيا كاٌ يٍ صحح فًٍ الله ًحذهىذا ًيا كاٌ يٍ خطأ فًني ًيٍ انش

 

 

 كرثو و/ رٌاض فاظم اننجار

 ىـ 11/22/1436                                                                                                                                                                                                                     

 و  2214/ 12/ 24                                                                                                                                                                                                                     
 

 



 و/ رٌاض فاظم اننجار

 

3 

 مضطلحات مشتعنلة خاصة بهذا الفضل:

ذؼتمذاظرجوعذإلىذاظؽتابذالخؿدينذعنذاظدؾدؾةذلدعرصةذعصطؾحاتذاظتخزؼنذضؿنذػقاطلذاظتخزؼن.

ذ.racksحقثذوردتذطؾؿةذػقاطلذاظتخزؼنذصفيذتعنيذ

ذ.shelvesوحقثذوردتذطؾؿةذاظرصوفذأوذاظرفذصفيذتعنيذ

ذ.longitudinal flueوحقثذوردتذطؾؿةذالدؿراتذاظطوظقةذصفيذتعنيذ

ذ.transverse fluesاظعرضقةذصفيذتعنيذذوحقثذوردتذطؾؿةذالدؿرات

ذ.in-rack sprinklersوحقثذوردتذطؾؿةذرذاذاتذاظرصوفذصفيذتعنيذ

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 و/ رٌاض فاظم اننجار

 

4 

 الفضل الأول: مقدمة عامة

ذإلاذعاذدقتمذتعدؼؾهذػـا.ذ42.ذوؼتمذتطلققذجمقعذعتطؾلاتذاظؽتابذاؼةذالدوادذاظلاسدتقؽقةذوالدطا حمؼشؿلذػذاذاظػصلذ أولا:

 ثانيا: معايير حماية الزشاش:

 .17717271عذاظلاسدتقؽقةذحدبذاظشؽلذحماؼةذاظدؾبذيج -1

 

ذعاؼيرذع -2 ذعزدوجةذفياظتصؿقم ذأو ذاظؽتابذلهقاطلذاظتخزؼنذعػردة ذدتؽونذعطلؼةذفيذحالذطانذذاظصػوفذػذا ظؾدؾعذاظلاسدتقؽقة

 مذأوذأسرض.ذ1727سرضذالدؿرذ

 مذدتعتبرذػقاطلذتخزؼنذعتعددةذاظصػوف.ذ1727أضققذعنذالدؿراتذ -3

ذ(ذبـػسذععاؼيرذحماؼةذاظدؾعذتصـقفfree-flowingعنذغوعذ)ذAوالمجؿوسةذذBاظدؿاحذبحؿاؼةذاظلاسدتقكذمجؿوسةذيجبذ -4

IV. 

 .IIIذبـػسذععاؼيرذحماؼةذاظدؾعذتصـقفذCاظدؿاحذبحؿاؼةذاظلاسدتقكذمجؿوسةذيجبذ -5

ذالأولذلارتػاعذتخزؼنذحتىذ -6 ذلاحؼا, ذعـاضشتفؿا ذباظرذاشذودقتم ذضدؿينذرئقدينذلدعاؼيرذالحؿاؼة ذواظثاغيذلارتػاعذذ776ظدؼـا م

 م.ذ776تخزؼنذأسؾىذعنذ

ذتصـقفذ -7 ذاظلاسدتقؽقة ذظؾؿواد ذالحؿاؼة ذلدعاؼير ذواظترتذAيجبذاظدؿاح ذاظتخزؼن ذغػسذارتػاع ذلحؿاؼة ذتؽون ذعنذبأن قبذظؾدؾع

 .I, II, III, and IVتصـقفذ

يجبذأنذتؽونذععاؼيرذحماؼةذػقاطلذاظتخزؼنذالدتحرطةذػيذغػدفاذععاؼيرذحماؼةذػقاطلذاظتخزؼنذذثالجا: هياكل التخزيو المتحزكة:

ذعتعددةذاظصػوف.

 :الأعندة ضنو هياكل التخزيو  _رابعا: حماية الأعندة المعدنية مو الحزائق 

حماؼةذأسؿدةذالدلـىذضؿنذذهذيجبم,ذصإغذ476سـدذسدمذتزوؼدذعوادذعؼاوعةذظؾحرؼقذسؾىذأسؿدةذالدلـىذوؼزؼدذارتػاعذاظتخزؼنذسنذ -1

 أسضاءذػقؽلذاظتخزؼنذاظرأدقةذواظتيذتدسمذالدلـى,ذحدبذواحدذعنذاظطرقذاظتاظقة:ذػقؽلذاظتخزؼنذأو

 رذاذاتذرصوفذتخزؼن.ترطقبذ 

 م,ذوؼتمذتوجقفهذإلىذجاغبذواحدذعنذاظعؿودذالدعدغي.ذ476سؾىذارتػاعذؼتمذترطقبذرذاشذجاغبيذ 
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 ظؾرذاذاتذسادؼةذدرجةذالحرارةذذ2مذ186ضقودذسؾىذطثاصةذرذاذاتذاظدؼفذظتؽونذلدداحةذلاذتؼلذسنذ(74°C) ذأوذ

 .مذ671مذوحتىذذ476لارتػاعذتخزؼنذأسؾىذعنذذ17.1.4.1طؿاذػوذعوضحذفيذالجدولذذ(C°141)ساظقةذدرجةذالحرارةذ

 ترطقبذرذاذاتذESFRأوذذCMSAظـظامذاظدؼف.ذ 

ذؼدؿحذبحذفذضقؿةذتدصقذرذاذاتذحماؼةذالأسؿدةذالدعدغقةذعنذالحداباتذالهقدروظقؽقة.

ذ

 شا: هياكل التخزيو بزفوف صلبة:ماخ

وظؽنذلاذذ2مذ1786سـدذترطقبذرصوفذصؾلةذفيذػقاطلذتخزؼنذعػردةذأوذعزدوجةذأوذعتعددةذاظصػوفذوطاغتذعداحتفاذتزؼدذسنذ -1

ذ ذترطقبذاظرذاذاتذفيذاظدؼفذوتحتذاظرصوفذ2مذ5795تتجاوز ذوظؽنذؼتم ,صاسذداسيذظترطقبذرذاذاتذفيذتحتذطلذرف,

 مذبشؽلذرأدي.ذ2طلذذالدتودطةذسـد

م,ذؼتمذترطقبذرذاذاتذفيذاظدؼفذوتحتذذ2أوذسـدعاذتجاوزذعدتوؼاتذاظتخزؼنذسنذذ2مذ5795وسـدعاذتزؼدذعداحةذاظرفذ -2

 طلذعدتويذعنذاظرصوف.

ذػقاطلذاظتخزؼنذعزدوجةذ -3 ذفيذحاظة ذأو ذاظصػوفذوبأيذارتػاعذلاذتحتويذسؾىذممراتذروظقة, ذػقاطلذاظتخزؼنذعتعددة فيذحاظة

مذولاذتحتويذسؾىذممراتذروظقة,ذصالحاظةذػـاذلاذتعتبرذرصوفذصؾلةذفيذحاظةذوجودذممراتذسرضقةذذ776رتػاعذحتىذاظصػوفذوبا

 .2وذ1مذولاذداسيذظترطقبذرذاذاتذرصوفذإضاصقةذحدبذاظلـودذذ175سـدذطلذ

 م.ذ1.5يجبذأنذؼؽونذاظتلاسدذالأضصىذالأصؼيذبينذرذاذاتذاظرصوفذػوذ -4

 .2وذ1ظترتقلاتذاظتخزؼنذحدبذاظلـودذذظـظامذرذاذاتذدؼفذععذرذاذاتذرصوفذتخزؼناظتصؿقمذععاؼيرذادتعؿالذيجبذ -5

 gpm (114 30,ذصإغهذيجبذأنذتعتؿدذطؿقةذعاءذرذاذاتذاظرصوفذسؾىذتدصقذلاذؼؼلذسنذ7اظلـدذسـدذسدمذتحؼقذععاؼيرذ -6

L/min)23781تطؾقذعنذاظعددذاظتاظيذعنذاظرذاذاتذالدوازغةذلحاجةذرذاذاتذاظدؼفذحدبذاظػؼرةذذ: 

 دذترطقبذعدتويذواحدذصؼطذعنذػقاطلذاظتخزؼنثمانذرذاذاتذسـ. 

 ةذفيذطلذعدتويذ(ذسـدذترطقبذأطثرذعنذعدتوىذواحدذعنذػقاطلذاظتخزؼنأربعذسشرذرذاذاذ)ذدلع. 

لاذداسيذلأنذتؽونذحاجةذرذاذاتذاظرصوفذعوازغةذلحاجةذرذاذاتذاظدؼفذوذظكذسـدذترطقبذرذاذاتذوجهذإضاصقةذتحتذ -7

 عنذثمانذرذاذات.ذgpm (227 L/min) 60طلذرفذصؾب,ذوتؽونذرذاذاتذاظرصوفذمحدوبةذظتعطيذتدصؼاذلاذؼؼلذسنذ

ذؼعتبرذخارجذسنذػدفذػذاذاظؽتاب.ذمو الأعلى: ةالمفتوحاويات سابعا: الح

 

                                                            
1
 الفقرة ثالثا. 45من الكتاب  27( الصفحة  
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 ثامها: رشاشات الزفوف:

 ؼتمذحدابذسددذاظرذاذاتذوضقاسذالدواديرذػقدروظقؽقاذصؼط,ذوظقسذبطرؼؼةذالجداول. -1

ذعنذرولذ -2 ذواظتيذتشغلذجزءا ذاظدؾعةذالأخطر ذتؽونذالحاجةذظرذاذاتذاظرصوفذلحؿاؼة اظرف,ذيجبذأنذتمتدذرذاذاتذسـدعا

ذأطبر,ذسؾىذطاسذالاتجاػينذسؾىذرولذاظرفذسؾىذجاغبيذone bayمذأوذعؼطعذواحدذ)ذ2744اظرصوفذسؾىذالأضلذ ذأؼفؿا ,)

 .aisleالخطورةذاظعؾقا.ذولاذداسيذظتؿدؼدذرذاذاتذاظرصوفذاظتيذتحؿيذالخطورةذاظعؾقاذسبرذالدؿرذ

يحتاجذرفذاظتخزؼنذظعددذأضلذعنذاظرذاذاتذالدطؾوبةذوذظكذبدلبذروظه,ذسـدذذظكذصإنذاظرذاذاتذالدوجودةذفيذرفذواحدذذسـدعا -3

 ػيذاظتيذدتدخلذفيذالحداباتذالهقدروظقؽقة.

 .يجبذترطقبذرذاذاتذاظرصوفذفيذتؼارعذالدؿراتذاظطوظقةذواظعرضقةذحينذلاذتتجاوزذأضصىذتلاسدذعدؿوحذبه -4

اظعرضقةذأطبرذعنذاظتلاسدذالددؿوحذبه,ذيجبذترطقبذرذاذاتذسـدذاظتؼارعذوترطقبذرذاذاتذذسـدعاذتؽونذالدداصةذبينذالدؿرات -5

 إضاصقةذبينذالدؿراتذاظعرضقةذظتحؼققذضاسدةذاظتلاسدذالأضصى.

 سـدذسدمذوجودذممراتذسرضقة,ذيجبذأنذلاذؼزؼدذتلاسدذاظرذاذاتذسنذالحدذالأضصىذالددؿوح. -6

 تاسعا: الفواصل الأفقية ورشاشات الزفوف:

ذؼطؾبذفيذأيذضدمذعنذاظؽودذ -1 ذصإنذذترطقبذصواصلذأصؼقةذععذرذاذاتذاظرصوفذNFPA 13سـدعا لدـعذتطورذالحرؼقذرأدقا,

 اظػواصلذيجبذأنذتؽونذعنذأظواحذععدغقةذأوذخشبذأوذعوادذعشابفةذويجبذأنذتؽونذسؾىذطاعلذرولذوسؿقذاظرف.

 (.rack uprightsعمذأصؼقاذحولذحواعلذػقؽلذاظتخزؼنذ)ذ51يجبذترطقبذاظػواصلذضؿنذ -2

 (:Flue Space Requirementsم ) 6.7عاشزا: متطلبات فزاغات المنزات للتخزيو حتى 

فيذػقاطلذاظتخزؼنذعتعددةذأوذعزدوجةذاظصػوفذوعنذدونذرصوفذصؾلة,ذصاسذداسيذظوجودذممراتذروظقةذ)أيذوجودذصراغذبينذ -1

 الحؿولاتذزفراذظظفر(.

عمذبينذالحؿولاتذوحواعلذػقؽلذاظتخزؼنذفيذالهقاطلذالدػردةذوالدزدوجةذوالدتعددةذذ152يجبذوجودذممرذسرضيذلاذؼؼلذسنذ -2

 .اظصػوف

 ؼدؿحذبوجودذتغيراتذفيذسرضذالدؿراتذأوذفيذادتاضفاذاظرأدي. -3

ذ
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ذ

 :م 6.7ى أعلمتطلبات فزاغات المنزات للتخزيو أحد عشز: 

 اظصػوف.الدزدوجةذعمذبينذالحؿولاتذوحواعلذػقؽلذاظتخزؼنذفيذالهقاطلذذ152لاذؼؼلذسنذذوظيريجبذوجودذممرذ -1

 عتعددةذذعػردةذأوذعزدوجةذأوذفيذػقاطلذاظتخزؼنذبينذالحؿولاتذوحاعلذػقؽلذاظتخزؼنذعمذ152يجبذوجودذممرذروظيذ

 اظصػوف.

 .ذؼدؿحذبوجودذتغيراتذفيذسرضذالدؿراتذأوذفيذادتاضفاذاظرأدي

عمذبينذساطسذرذاشذذ152فيذػقاطلذاظتخزؼنذالدػردةذوالدزدوجةذوالدتعددةذاظصػوف,ذيجبذبؼاءذصراغذرأديذصافيذلاذؼؼلذسنذ -2

 اظرفذوضؿةذصفذاظتخزؼن.

 عمذعنذحاعلذالهقؽلذوذعداصةذلاذتزؼدذسنذذ76أنذتؼعذرذاذاتذاظوجهذضؿنذػقؽلذاظتخزؼنذبمداصةذلاذتؼلذسنذذيجب

 (.aisle face of storageعمذعنذوجهذممرذاظتخزؼنذ)ذ462

 ذطؿرةذ ذأوذتحتذضاع ذععذساطسذؼؼعذسـد ذاظعرضيذو ذاظتؼارعذععذالدؿر ذاظطوظيذسـد يجبذأنذتؼعذرذاذاتذرصوفذالدؿر

 ؼقةذأوذأسؾىذأوذتحتذأحدذأسضاءذػقؽلذاظتخزؼنذالأصؼقةذالمجاورؼن.اظتحؿقلذالأص

 بشؽلذضطري.ذعمذ76يجبذأنذتلؼىذرذاذاتذاظرصوفذبعقدةذسنذحاعلذالهقؽلذبمؼدارذلاذؼؼلذسنذ 
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ذ

ذ.beamsوععـىذطؿرةذاظتحؿقلذالأصؼقةذذUprightsتلينذاظصورةذاظدابؼةذععـىذحاعلذالهقؽلذ

ذ

ذ

ذ

ذ

ذ

ذ

ذ

ذ

ذ

ذ

ذ
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 م 6.7الجاني: معايير الحناية لارتفاع حتى  الفضل

 :Control Mode Density/Area Sprinklerمعايير الحناية باستعنال الزشاشات 

,ذيجبذادتعؿالذععاؼيرذحماؼةذاظتخزؼنذالدتـوعذحدبذعاذتمذذطرهذAمذأوذأضل,ذظؾدؾعذاظلاسدتقؽقةذمجؿوسةذذ175ذارتػاعذتخزؼنذفيذأولا:

ذعنذاظدؾدؾة.ذ43بذفيذاظؽتا

 نية الماء لزشاشات الشقف:ك ا:نيثا

ذاظصػوفذعػردةذأوذعزدوجةذأوذ,ذفيذػقاطلذتخزؼنوذشيرذعغؾػةأفيذطرتونذعغؾػةذذAمجؿوسةذاظلاسدتقؽقةذؾدؾعذظ -1 ذصإنذعتعددة ,

 .(f)17.2.1.2.1إلىذذ(a)17.2.1.2.1ؽالذعنذحاجةذرذاذاتذاظدؼفذطؽثاصةذوعداحةذؼتمذاختقارػاذعنذالأذ

ذؼ -2 ذغدبيتم ذتؼارع ذ)ذسؿل ذذظكذبينذارتػاعذذ(Linear interpolationخطي ذوؼتم ذوالدداحة ذاظؽثاصة ذذطر ذسدم ذحال في

 اظتخزؼنذععذغػسذالدداصةذإلىذاظدؼف.

 ؼتمذسؿلذتؼارعذغدبيذبينذالدداصةذإلىذاظدؼف.لاذ -3

ظتعطيذارتػاعذاظتخزؼنذوالدداصةذإلىذذ(f)17.2.1.2.1إلىذذ(a)17.2.1.2.1ذاختقارذخقارذعنذالأذؽالذالداسئؿةذعنذيجبذ -4

سؾىذرذاذاتذاظدؼفذورذاذاتذذاظؽثاصة/الدداحةذفيذضؿةذطلذخقارعاؼيرذعتطلققذيجبذذاظدؼفذاظتيذدقتمذالحؿاؼةذبموجلفا.

اظتيذلاذتظفرذػقاطلذتخزؼنذعتعددةذاظصػوفذضؿنذالأذؽالذظنذؼدؿحذالخقاراتذ.ذفيذحالذوجودػاذضؿنذالخقاررصوفذاظتخزؼنذ

ذ ذلحؿاؼة ذاظصػوفبفا ذعتعددة ذؼذ.ػقاطلذتخزؼن ذشيرذعاسحظاتذفيذطلذذؽلذوجد ذخقاراتذإضاصقة ذتؼدم توضحذالخقاراتذأو

 .عوجودةذضؿنذاظشؽل

ذغظؿةذالخطورةذالدرتػعة.أ,ذيجبذادتعؿالذععاؼيرذA,ذظؾدؾعذاظلاسدتقؽقةذمجؿوسةذمذ3.7لىذإمذذ175عنذذارتػاعذتخزؼنذفيثالجا: 

ذ



Elevation View Elevation View

Single-, double-, and multiple-row racks 
0.30 gpm/ft2 per 2000 ft2                                                  

(12.2 mm/min per 186 m2)

<5 ft (1.5 m) clearance to ceiling
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Single-, double-, and multiple-row racks      
0.45 gpm/ft2 per 2000 ft2

(18.3 mm/min per 186 m2)

5 ft to 10 ft (1.5 m to 3.1 m) clearance to ceiling

Plan View

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 17.2.1.2.1(a) Storage 5 ft to 10 ft (1.5 m to 3.1 m) in Height with Up to 10 ft (3.1 m) Clearance to Ceiling.

Notes:

1. Single level of in-rack sprinklers [¹⁄₂ in. or ¹⁷⁄₃₂ in. (12.7 mm or 13.5 mm) operating at 15 psi (1.03 bar) minimum] installed as indicated in the
transverse flue spaces.

2. Where sprinklers listed for storage use are installed at the ceiling only and the ceiling height in the protected area does not exceed 22 ft (6.7 m) 
and a minimum clearance of 5 ft (1.5 m) and the storage height does not exceed 15 ft (4.6 m), the ceiling sprinkler discharge criteria shall be
permitted to be reduced to 0.45 gpm/ft2 per 2000 ft2 (18.3 mm/min per 186 m2).

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.

Single-, double-, and multiple-row racks      
0.60 gpm/ft2 per 2000 ft2

(24.5 mm/min per 186 m2)

Up to 10 ft (up to 3.1 m)         
clearance to ceiling
See Note 2

Single-, double-, and multiple-row racks       
0.30 gpm/ft2 per 2000 ft2                                        

(12.2 mm/min per 186 m2)

Up to 10 ft (up to 3.1 m)
clearance to ceiling
See Note 1
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8 ft (2.44 m) maximum between sprinklers
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Plan View

Elevation View

Plan View

Elevation View

Plan View

Elevation View

FIGURE 17.2.1.2.1(b) Storage 15 ft (4.6 m) in Height with Up to 10 ft (3.1 m) Clearance to Ceiling.



8 ft (2.44 m) maximum between sprinklers

Single- and double-row racks           
0.60 gpm/ft2 per 2000 ft2

(24.5 mm/min per 186 m2)

<5 ft (1.5 m) clearance to ceiling 

Single-, double-, and multiple-row racks        
0.45 gpm/ft2 per 2000 ft2                                         

(18.3 mm/min per 186 m2)

<5 ft (1.5 m) clearance to ceiling
See Notes 1 and 2
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5 ft 
maximum

8 ft (2.44 m) maximum between sprinklers

Single-, double-, and multiple-row racks    
0.30 gpm/ft2 per 2000 ft2                                   

(12.2 mm/min per 186 m2)

<5 ft (1.5 m) clearance to ceiling
See Notes 2 and 3

Plan View

Elevation View

Plan View

Elevation View

Notes:

1. Single level of in-rack sprinklers [¹⁄₂ in. or ¹⁷⁄₃₂ in. (12.7 mm or 13.5 mm) operating at 15 psi (1.03 bar) minimum] installed as indicated in the transverse
flue spaces.

2. Ceiling-only protection is not permitted for this storage configuration except where K-11.2 or larger spray sprinklers listed for storage use are installed. 
In-rack sprinklers are not required, provided the ceiling sprinkler discharge criterion is increased to 0.6 gpm/ft² (24 mm/min) over 2000 ft² (186 m²).

3. Single level of in-rack sprinklers [¹⁷⁄₃₂ in. (13.5 mm) operating at 15 psi (1.03 bar) minimum or ¹⁄₂ in. (12.7 mm) operating at 30 psi (2.07 bar) minimum] 
installed on 4 ft to 5 ft (1.2 m to 1.5 m) spacings located, as indicated, in the longitudinal flue space at the intersection of every transverse flue space.

4. 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 17.2.1.2.1(c) Storage 20 ft (6.1 m) in Height with <5 ft (1.5 m) Clearance to Ceiling.



8 ft (2.44 m) maximum between sprinklers
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8 ft (2.44 m) maximum between sprinklers
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8 ft (2.44 m) maximum between sprinklers8 ft (2.44 m) maximum between sprinklers

5 ft to 10 ft (1.5 m to 3.1 m) clearance to ceiling
See Notes 1, 2, and 5 

5 ft to 10 ft (1.5 m to 3.1 m) clearance to ceiling
See Notes 2, 3, and 5 

5 ft to 10 ft (1.5 m to 3.1 m) clearance to ceiling
See Notes 2, 3, and 5 

5 ft to 10 ft (1.5 m to 3.1 m) clearance to ceiling
See Notes 2, 4, and 5 

Plan View

Elevation View

Plan View

Elevation View

Plan View

Elevation View

Plan View

Elevation View
Notes:

1. Single level of in-rack sprinklers [¹⁄₂ in. or ¹⁷⁄₃₂ in. (12.7 mm or 13.5 mm) operating at 15 psi (1.03 bar) minimum] installed as indicated in the 
transverse flue spaces.

2. Ceiling-only protection shall not be permitted for this storage configuration except where K-11.2 or larger orifice spray sprinklers listed for storage
use are installed. In-rack sprinklers shall not be required, provided the ceiling sprinkler discharge criterion is increased to 0.6 gpm/ft2 (24 mm/min)
over 2000 ft2 (186 m2) and the ceiling height in the protected area does not exceed 27 ft (8.2 m).

3. Two levels of in-rack sprinklers [¹⁄₂ in. or ¹⁷⁄₃₂ in. (12.7 mm or 13.5 mm) operating at 15 psi (1.03 bar) minimum] installed as indicated and staggered 
in the transverse flue space.

4. Single level of in-rack sprinklers [¹⁷⁄₃₂ in. (13.5 mm) operating at 15 psi (1.03 bar) or ¹⁄₂ in. (12.7 mm) operating at 30 psi (2.07 bar) minimum] 
installed on 4 ft to 5 ft (1.2 m to 1.5 m) spacings located, as indicated, in the longitudinal flue space at the intersection of every transverse flue space.

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.

Single-, double-, and multiple-row racks
0.45 gpm/ft² per 2000 ft²
(18.3 mm/min per 186 m²)

Single-, double-, and multiple-row racks
0.30 gpm/ft² per 2000 ft²
(12.2 mm/min per 186 m²)

Single-, double-, and multiple-row racks
0.30 gpm/ft² per 2000 ft²
(12.2 mm/min per 186 m²)

Single-, double-, and multiple-row racks
0.30 gpm/ft² per 2000 ft²
(12.2 mm/min per 186 m²)

FIGURE 17.2.1.2.1(d) Storage 20 ft (6.1 m) in Height with 5 ft to 10 ft (1.5 m to 3.1 m) Clearance to Ceiling.
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<5 ft (1.5 m) clearance to ceiling   
See Notes 1, 2, and 4

<5 ft (1.5 m) clearance to ceiling   
See Notes 2, 3, and 4
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8 ft (2.44 m) maximum between sprinklers
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8 ft (2.44 m) maximum between sprinklers

Notes:

1.  Single level of in-rack sprinklers [¹⁷⁄₃₂ in. (13.5 mm) operating at 15 psi (1.03 bar) minimum or ¹⁄₂ in. (12.7 mm) operating at 30 psi (2.07 bar) 
minimum] installed on 4 ft to 5 ft (1.2 m to 1.5 m) spacings located, as indicated, in the longitudinal flue space at the  intersection of every 
transverse flue space.

2. Ceiling-only protection shall not be permitted for this storage configuration except where K-16.8 spray sprinklers listed for storage use are 
installed. In-rack sprinklers shall not be required, provided the ceiling sprinkler discharge criterion is increased to 0.8 gpm/ft2 (32.6 mm/min) 
over 2000 ft2 (186 m2) for wet systems and 4500 ft2 (418 m2) for dry systems and the ceiling height in the protected area does not exceed 
30 ft (9.1 m).

3. Two levels of in-rack sprinklers [¹⁄₂ in. or ¹⁷⁄₃₂ in. (12.7 mm or 13.5 mm) operating at 15 psi (1.03 bar) minimum] installed as indicated and 
staggered in the transverse flue space.

4. 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.

Plan View

Elevation View

Plan View

Elevation View

Single-, double-, and multiple-row racks
0.45 gpm/ft² per 2000 ft²
(18.3 mm/min per 186 m²)

Single-, double-, and multiple-row racks
0.30 gpm/ft² per 2000 ft²
(12.2 mm/min per 186 m²)

FIGURE 17.2.1.2.1(e) Storage 25 ft (7.6 m) in Height with <5 ft (1.5 m) Clearance to Ceiling. (See Note 2.)

5 ft to 10 ft (1.5 m to 3.1 m) clearance to ceiling
See Notes 1, 2, and 3
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8 ft (2.44 m) maximum between sprinklers

x
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x x xxx x

Single-, double-, and multiple-row racks 
0.30 gpm/ft2 per 2000 ft2

(12.2 mm/min per 186 m2)

Notes:

1. Two levels of in-rack sprinklers [¹⁄₂ in. or ¹⁷⁄₃₂ in. (12.7 mm or 13.5 mm) 
operating at 15 psi (1.03 bar) minimum] installed on 8 ft to 10 ft (2.4 m 
to 3.1 m) spacings located as indicated and staggered in the 
transverse flue space.

2. Ceiling-only protection shall not be permitted for this storage 
configuration except where K-16.8 spray sprinklers listed for storage 
use are installed. In-rack sprinklers shall not be required, provided 
the ceiling sprinkler discharge criterion is increased to 0.8 gpm/ft2 

(32.6 mm/min) over 2000 ft2 (186 m2) for wet systems and 4500 ft2 
(418 m2) for dry systems and the ceiling height in the protected area 
does not exceed 30 ft (9.1 m).

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.

Plan View

Elevation View

FIGURE 17.2.1.2.1(f) Storage 25 ft (7.6 m) in Height with 5 ft to 10 ft (1.5 m to 3.1 m) Clearance to Ceiling. (See Note 2.)



AISLE

AISLE

AISLE

EXHIBIT 17.4(a) Positioning of In-Rack Sprinklers in
Accordance with Figure 17.2.1.2.1(a) — Left Figure (No In-
Racks Required).

AISLE

AISLE

AISLE

EXHIBIT 17.4(b) Positioning of In-Rack Sprinklers in
Accordance with Figure 17.2.1.2.1(a) — Right Figure (No
In-Racks Required).

AISLE

EXHIBIT 17.5(a) Positioning of In-Rack Sprinklers in
Accordance with Figure 17.2.1.2.1(b) — Left Figure (No In-
Racks Required).

AISLE

EXHIBIT 17.5(b) Positioning of In-Rack Sprinklers in
Accordance with Figure 17.2.1.2.1(b) — Middle Figure (No
In-Racks Required).

8 ft (2.4 m) maximum
between sprinklers

AISLE

AISLE

AISLE

EXHIBIT 17.5(c) Positioning
of In-Rack Sprinklers in
Accordance with Figure
17.2.1.2.1(b) — Right Figure.



AISLE

EXHIBIT 17.6(a) Positioning of In-Rack Sprinklers in
Accordance with Figure 17.2.1.2.1(c) — Left Figure (No In-
Racks Required).

AISLE8 ft (2.4 m) maximum
between sprinklers

AISLE

EXHIBIT 17.6(b) Positioning of In-Rack Sprinklers in
Accordance with Figure 17.2.1.2.1(c) — Middle Figure.

8 ft (2.4 m) maximum AISLE

maximum
5 ft (1.5 m)

between sprinklers

AISLE

AISLE

EXHIBIT 17.6(c) Positioning of In-Rack Sprinklers in
Accordance with Figure 17.2.1.2.1(c) — Right Figure.



AISLE
8 ft (2.4 m) maximum

between sprinklers

AISLE

AISLE

EXHIBIT 17.7(a) Positioning of In-Rack Sprinklers in
Accordance with Figure 17.2.1.2.1(d) — Upper Left Figure.

AISLE8 ft (2.4 m) maximum
between sprinklers

AISLE

AISLE

EXHIBIT 17.7(b) Positioning of In-Rack Sprinklers in
Accordance with Figure 17.2.1.2.1(d) — Upper Right
Figure.

AISLE

AISLE8 ft (2.4 m) maximum
between sprinklers

AISLE

EXHIBIT 17.7(c) Positioning of In-Rack Sprinklers in
Accordance with Figure 17.2.1.2.1(d) — Lower Left Figure.

between sprinklers
8 ft (2.4 m) maximum

AISLE

AISLE

AISLE

EXHIBIT 17.7(d) Positioning of In-Rack Sprinklers in
Accordance with Figure 17.2.1.2.1(d) — Lower Right
Figure.



8 ft (2.4 m) maximum
between sprinklers

AISLE

AISLE

AISLE

EXHIBIT 17.8(a) Positioning of In-Rack Sprinklers in
Accordance with Figure 17.2.1.2.1(e) — Left Figure. AISLE

between sprinklers
8 ft (2.4 m) maximum

AISLE

AISLE

EXHIBIT 17.8(b) Positioning of In-Rack Sprinklers in
Accordance with Figure 17.2.1.2.1(e) — Right Figure.

AISLE

8 ft (2.4 m) maximum AISLE

between sprinklers

AISLE

EXHIBIT 17.9 Positioning of In-Rack Sprinklers in
Accordance with Figure 17.2.1.2.1(f).



Zb»iaâ  W�uL� pO��ö��«A   U�U�d� wL;«Ë œbL�K� q�U� �G�«Ë ·uAJ*«control mode density/area  V� t�S�
∫wK� U2 b�«Ë V�� W�UL(« 

1≠  u� s�e� ŸUH�—« vB�√3  u� nI�K� ŸUH�—« vB�√Ë Â6.1   U�U�— l� Â0.8 gpm/ft2 (32.6 mm/min)  ‚u�
 W�U��2500 ft2 (232 m2)  qJA�« V�� [s�e� ·u�—  U�U�— VO��� w�«œ ôË17.2.1.4(a)Æ 

2≠  u� s�e� ŸUH�—« vB�√3  u� nI�K� ŸUH�—« vB�√Ë Â6.1   U�U�— l� Â0.45 gpm/ft2 (18.3 mm/min)  ‚u�
 W�U��2000 ft2 (186 m2)  r��Ë VO�d� s� b�«Ë Íu���s�e� ·u�—  U�U�— WK�b��« WO{dF�«  «dL*« � V�� [
 qJA�«17.2.1.4(b)Æ 

3≠  u� s�e� ŸUH�—« vB�√3  u� nI�K� ŸUH�—« vB�√Ë Â6.1   U�U�— l� Â0.3 gpm/ft2  W�U�� ‚u�2000 ft2 
(186 m2)  b�«Ë Íu��� VO�d� r��Ë qJA�« V�� [w{d� d2 q� � s�e� ·u�—  U�U�— s�17.2.1.4(c)Æ 

4≠  u� s�e� ŸUH�—« vB�√15  u� nI�K� ŸUH�—« vB�√Ë Âb�25   U�U�— l� Âb�0.45 gpm/ft2  W�U�� ‚u�2000 
ft2 (186 m2)  qJA�« V�� [WK�b��« WO{dF�«  «dL*« � s�e� ·u�—  U�U�— s� b�«Ë Íu��� VO�d� r��Ë

17.2.1.4(d)Æ 
5≠  u� s�e� ŸUH�—« vB�√15  u� nI�K� ŸUH�—« vB�√Ë Âb�25   U�U�— l� Âb�0.3 gpm/ft2  W�U�� ‚u�2000 

ft2 (186 m2)  qJA�« V�� [w{d� d2 q� � s�e� ·u�—  U�U�— s� b�«Ë Íu��� VO�d� r��Ë17.2.1.4(e)Æ 
6≠  u� s�e� ŸUH�—« vB�√20  u� nI�K� ŸUH�—« vB�√Ë Âb�25 �  U�U�— l� Âb0.6 gpm/ft2  W�U�� ‚u�2000 

ft2 (186 m2)  qJA�« V�� [WK�b��« WO{dF�«  «dL*« � s�e� ·u�—  U�U�— s� b�«Ë Íu��� VO�d� r��Ë
17.2.1.4(f)Æ 

7≠  u� s�e� ŸUH�—« vB�√20  u� nI�K� ŸUH�—« vB�√Ë Âb�25   U�U�— l� Âb�0.45 gpm/ft2  W�U�� ‚u�2000 
ft2 (186 m2) Ë qJA�« V�� [w{d� d2 q� � s�e� ·u�—  U�U�— s� b�«Ë Íu��� VO�d� r��17.2.1.4(g)Æ 

8≠  u� s�e� ŸUH�—« vB�√20  u� nI�K� ŸUH�—« vB�√Ë Âb�30   U�U�— l� Âb�0.8 gpm/ft2  W�U�� ‚u�1500 
ft2 (140 m2) K�b��« WO{dF�«  «dL*« � s�e� ·u�—  U�U�— s� b�«Ë Íu��� VO�d� r��Ë qJA�« V�� [W

17.2.1.4(h)Æ 
9≠  u� s�e� ŸUH�—« vB�√20  u� nI�K� ŸUH�—« vB�√Ë Âb�25   U�U�— l� Âb�0.6 gpm/ft2  W�U�� ‚u�1500 

ft2 (140 m2)  qJA�« V�� [w{d� d2 q� � s�e� ·u�—  U�U�— s� b�«Ë Íu��� VO�d� r��Ë17.2.1.4(i)Æ 
10≠  u� s�e� ŸUH�—« vB�√20 Âb�  u� nI�K� ŸUH�—« vB�√Ë25   U�U�— l� Âb�0.3 gpm/ft2  W�U�� ‚u�2000 

ft2 (186 m2)  qJA�« V�� [w{d� d2 q� � s�e� ·u�—  U�U�— s� b�«Ë Íu��� VO�d� r��Ë17.2.1.4(j)Æ 
11≠  u� s�e� ŸUH�—« vB�√25  u� nI�K� ŸUH�—« vB�√Ë Âb�35   U�U�— l� Âb�0.8 gpm/ft2  W�U�� ‚u�1500 

ft2 (140 m2)  qJA�« V�� [w{d� d2 q� � s�e� ·u�—  U�U�— s� b�«Ë Íu��� VO�d� r��Ë17.2.1.4(k)Æ 
12≠  u� s�e� ŸUH�—« vB�√25  u� nI�K� ŸUH�—« vB�√Ë Âb�35   U�U�— l� Âb�0.3 gpm/ft2  W�U�� ‚u�2000 

ft2 (186 m2)  qJA�« V�� [w{d� d2 q� � s�e� ·u�—  U�U�— s� b�«Ë Íu��� VO�d� r��Ë17.2.1.4(l)Æ 
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SRR SRR DRR MRR MRR

Plan View

Elevation View

10 ft

5 ft

Floor

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. to 10 ft (0.5 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.

Single-, double-, and multiple-row racks 0.8 gpm/ft2

over 2500 ft2 (32.5 mm/min over 232 m2)

FIGURE 17.2.1.4(a) Exposed Nonexpanded Plastics up to
10 ft in Height in up to a 20 ft High Building with No In-Rack
Sprinklers.
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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. to 10 ft (0.5 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.

Single-, double-, and multiple-row racks 0.45 gpm/ft2

over 2000 ft2 (18.3 mm/min over 186 m2)

FIGURE 17.2.1.4(b) Exposed Nonexpanded Plastics up to
10 ft in Height in up to a 20 ft High Building with One Level of
In-Rack Sprinklers.
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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. to 10 ft (0.5 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.

Single-, double-, and multiple-row racks 0.30 gpm/ft2

over 2000 ft2 (12.2 mm/min over 186 m2)

FIGURE 17.2.1.4(c) Exposed Nonexpanded Plastics up to
10 ft in Height in up to a 20 ft High Building with One Level of
Closely Spaced In-Rack Sprinklers.
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Single-, double-, and multiple-row racks

0.45 gpm/ft2 over 2000 ft2 (18.3 mm/min over 186 m2)

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. to 10 ft (0.5 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.

FIGURE 17.2.1.4(d) Exposed Nonexpanded Plastics up to
15 ft in Height in up to a 25 ft High Building with One Level of
In-Rack Sprinklers.



SRR SRR DRR MRR MRR

Elevation View

10 ft

15 ft

5 ft

Floor

Plan View

xx x x x x x x

x x x x x x x

xx x x x x x x

xx x x x x x x

xx x x x x x x

x

x x x x x x xx

x x x x x x xx

Single-, double-, and multiple-row racks

0.30 gpm/ft2 over 2000 ft2 (12.2 mm/min over 186 m2)

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. to 10 ft (0.5 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.

FIGURE 17.2.1.4(e) Exposed Nonexpanded Plastics up to
15 ft in Height in up to a 25 ft High Building with One Level of
Closely Spaced In-Rack Sprinklers.
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Single-, double-, and multiple-row racks

0.60 gpm/ft2 over 2000 ft2 (24.5 mm/min over 186 m2)

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. to 10 ft (0.5 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.

FIGURE 17.2.1.4(f) Exposed Nonexpanded Plastics up to
20 ft in Height in up to a 25 ft High Building with One Level of
In-Rack Sprinklers.
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Single-, double-, and multiple-row racks

0.45 gpm/ft2 over 2000 ft2 (18.3 mm/min over 186 m2)

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. to 10 ft (0.5 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.

FIGURE 17.2.1.4(g) Exposed Nonexpanded Plastics up to
20 ft in Height in up to a 25 ft High Building with One Level of
Closely Spaced In-Rack Sprinklers.
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Single-, double-, and multiple-row racks

0.80 gpm/ft2 over 1500 ft2 (32.5 mm/min over 139 m2)

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. to 10 ft (0.5 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.

FIGURE 17.2.1.4(h) Exposed Nonexpanded Plastics up to
20 ft in Height in up to a 30 ft High Building with One Level of
In-Rack Sprinklers.
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Plan View
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Single-, double-, and multiple-row racks

0.60 gpm/ft2 over 1500 ft2 (24.5 mm/min over 139 m2)

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. to 10 ft (0.5 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.

FIGURE 17.2.1.4(i) Exposed Nonexpanded Plastics up to
20 ft in Height in up to a 30 ft High Building with One Level of
Closely Spaced In-Rack Sprinklers.
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Single-, double-, and multiple-row racks

0.30 gpm/ft2 over 2000 ft2 (12.2 mm/min over 186 m2)

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. to 10 ft (0.5 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.

FIGURE 17.2.1.4(j) Exposed Nonexpanded Plastics up to
20 ft in Height in up to a 30 ft High Building with Two Levels
of Closely Spaced In-Rack Sprinklers.
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Single-, double-, and multiple-row racks

0.80 gpm/ft2 over 1500 ft2 (32.5 mm/min over 139 m2)

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. to 10 ft (0.5 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.

FIGURE 17.2.1.4(k) Exposed Nonexpanded Plastics up to
25 ft in Height in up to a 35 ft High Building with One Level of
Closely Spaced In-Rack Sprinklers.
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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. to 10 ft (0.5 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.

Single-, double-, and multiple-row racks

0.30 gpm/ft2 over 2000 ft2 (12.2 mm/min over 186 m2)

FIGURE 17.2.1.4(l) Exposed Nonexpanded Plastics up to
25 ft in Height in up to a 35 ft High Building with Two Levels
of Closely Spaced In-Rack Sprinklers.



@pbëbëâ@kÓ◊äm@Ü‰«@ÂÌåÇn€a@“Ïœâ@pbëbëâ@pbj‹�nfl@ZbéflbÅControl Mode Density/Area@Z—‘é€a@ø@

1≠  s� qI� ô W�U�� ¡UI�≈ V�152 Æs�e���« n� WL�Ë ·u�d�«  U�U�— f�U� 5� r� 
2≠  s� ‰UJ�_« V�� ÊuJ� Ê√ V�  U�U�d�« 5� b�U���«17.2.1.2.1(a)  �≈17.2.1.2.1(f)Æ 
3≠ Æt� ÕuL�� b�U�� vB�√ “ËU��� ô 5� WO{dF�«Ë WO�uD�«  «dL*« l�UI� � ·u�d�«  U�U�— VO�d� V� 
4≠ U�U�— VO�d� V� [t� ÕuL�*« b�U���« s� ��√ WO{dF�«  «dL*« 5� W�U�*« ÊuJ� U�bM�  U�U�— VO�d�Ë l�UI��« bM�  

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

• Æs�e���« q�UO� s� jI� b�«Ë Íu��� VO�d� bM�  U�U�— ÊU� 
• s�e���« q�UO� s� b�«Ë Èu��� s� d��√ VO�d� bM� ® Íu��� q� � WF�� © U�U�— dA� l�—√Æ 

7≠  s� s�e���« ·u�—  U�U�— qOGA� jG{ qI� ô Ê√ V�1 © —U�15 psiÆlK��« Ÿ«u�√ qJ� ® 

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

1≠  ‰Ëb'« V�� W�UL(« ÊuJ� Ê√ V�17.2.2.1 lK��« W�UL( œbL�K� WK�U� �� WOJO��ö��« ÆW�K� ·u�— ÊËœ s� 
2≠  ‰Ëb'« V�� W�UL(« b�Ëe� V�17Æ2.2.1  ��UF� Ë√NFPA  œb� Ë qOGA� jG{ q�√ oOI% ·bN� p�–Ë WLzö*«

ÆrOLB��« WIDM� � …œu�u*«  U�U�d�« 

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

•   U�U�d�« VO�d� bM�CMSA UN�%  ‰Ëb'« V�� o�d�K� W�ËUI� œ«u� b�Ëe� V�17.2.2.1 ËÊuJ� Ê√ V� 
 U�U�d�«  jGC�ô qOGA�  s� qI�3.4 © —U�50 psi q�UF0 ‘U�dK� ®K-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*«17Æ2.2.1   U�U�dK�CMSAÆ 
4≠  ‰Ëb'« ‰ULF��« ÷dG�17Æ2.2.1 ÆW�U� WLE�Q� qOGA��« WI��*« WLE�_« nOMB� V� 
5≠ D�* W�b�b(« WOM�_« ÃU�% s� ‰Ëb�K� UI�Ë rOLB��« bM� W�U�  U�K17Æ2.2.1 Æo�«u*« s�e���« VO�d� V�� 
6≠  v�� ŸUH�—ô s�e���« ·u�—  U�U�—7.6   U�U�— l� ÂCMSA nI��« �∫ 

1≠ Æs�e���« ŸUH�—« nB�M� ‚u� Ë√ bM� ‰Ë_« nB�« Íu��� �  U�U�d�« VO�d� V� 
2≠  s� qI� ô W�U�� ¡UI�≈ V�152 �«  U�U�— f�U� 5� r�Æs�e���« n� WL�Ë ·u�d 
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≠  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�

O{dF�«  «dL*« 5� WO�U{≈  U�U�—ÆvB�_« b�U���« …b�U� oOI��� W 
6≠ 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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7≠  �  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*« WOL�
ÆUOJO�Ë—bO� WIDM� bF�√ 

8≠ *« qOGA��« jG{ s� s�e���« ·u�—  U�U�— qOGA� jG{ qI� ô Ê√ V� ∫·u�d�«  U�U�dK� »uKD1 © —U�15 
psiÆlK��« Ÿ«u�√ qJ� ® 

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

1≠  ‰Ëb'« V�� W�UL(« ÊuJ� Ê√ V�17.2.3.1 lK��« W�UL(  WK�U�Ë [W�uAJ� Ë√ Êu�d� � œbL�K� WK�U� �� WOJO��ö��«
ÆÊu�d� � œbL�K� 

2≠   U�U�d�« ‰ULF��U� `L�� ôESFR  W�K� ·u�d� s�e� q�UO� l�Ë  U�U�d�« ‰ULF��U� `L�� ôESFR  q�UO� �
 � ‚«��ö� WK�U� œ«u� Íu�% s�e�Êu�d� Ë√  U�ËU� ÆvK�_« s� W�u�H� 

3≠ WLE�√ rOLB� V�   U�U�—ESFR  ‰Ëb'« � œu�u*« s� v�œ_« qOGA��« jG{ qI� ô YO�17.2.3.1  s�e���« ŸuM�
ÆvM�*« ŸUH�—«Ë s�e���« ŸUH�—«Ë WFK��«Ë 

4≠  rOLB��« WIDM� qLA� Ê√ V�12 ÆUOJO�Ë—bO� WIDM� bF�√ � Ÿd� j� q� � WF�—√ [‘U�— 
5≠  v�� ŸUH�—ô s�e���« ·u�—  U�U�—7.6   U�U�— l� ÂESFR ∫nI��« � 

1≠  ‰Ëb'« V�� ·u�d�«  U�U�— �≈ W�U(« bM�17.2.3.1 Ë√ bM� ‰Ë_« nB�« Íu��� �  U�U�d�« VO�d� V� [
Æs�e���« ŸUH�—« nB�M� ‚u� 

2≠  q�UF0 s�e���« ·u�—  U�U�— ÊuJ� Ê√ V�K-8.0  Ë√K-11.2 Æ…—«d(« W�—œ W�œU� œËb�Ë [WF�d� W�U���U� 
3≠ qI� ô W�U�� ¡UI�≈ V�  s�152 Æs�e���« n� WL�Ë ·u�d�«  U�U�— f�U� 5� r� 
4≠  u� ·u�d�«  U�U�— 5� b�U�� vB�√1.5 ÆÂ 
5≠ Æb�U�� vB�√ …b�U� vK� WE�U;« l� [WO{dF�«Ë WO�uD�«  «dL*« l�UI� bM� ·u�d�«  U�U�— VO�d� V� 
6≠ � V� [t� ÕuL�*« b�U���« s� ��√ WO{dF�«  «dL*« 5� W�U�*« ÊuJ� U�bM� VO�d�Ë l�UI��« bM�  U�U�— VO�d

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

ÆUOJO�Ë—bO� WIDM� bF�√ 
9≠  bM��« � ·— ‘U�— q�8  s� qI� ô U� oKD� Ê≈ V�60 gpm (227 L/min)Æ 

 

 م/ رياض فاضل النجار
 

23 



Table 17.2.2.1 CMSA Sprinkler Design Criteria for Single-, Double-, and Multiple-Row
Racks Without Solid Shelves of Plastics Commodities Stored Up 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)

Cartoned
nonexpanded

plastics

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 30 50 3.5

Wet 20 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

25 7.6 35 10.6

11.2 (160)
Upright

Wet
30 + 1 level of

in-rack
50 3.5

Wet
20 + 1 level of

in-rack
75 5.2

16.8 (240)
Upright

Wet
30 + 1 level of

in-rack
22 1.5

Wet
20 + 1 level of

in-rack
35 2.4

19.6 (280)
Pendent

Wet 15 25 1.7

Exposed
nonexpanded

plastics

20 6.1 25 7.6

11.2 (160)
Upright

Wet 15 50 3.5

16.8 (240)
Upright

Wet 15 22 1.5

20 6.1 30 9.1

11.2 (160)
Upright

Wet 30 50 3.5

Wet 20 75 5.2

16.8 (240)
Upright

Wet 15* 22 1.5

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

25 7.6 35 10.6

11.2 (160)
Upright

Wet
30 + 1 level of

in-rack
50 3.5

Wet
20 + 1 level of

in-rack
75 5.2

16.8 (240)
Upright

Wet
30 + 1 level of

in-rack
22 1.5

Wet
20 + 1 level of

in-rack
35 2.4

*Minimum 8 ft (2.4 m) aisle.



Table 17.2.3.1 ESFR Protection of Rack Storage Without Solid Shelves of Plastics 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-, double-, and
multiple-row racks
(no open-top
containers)

Cartoned
nonexpanded

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

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

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



Table 17.2.3.1 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

32 9.8

14.0
(200)

Upright/
pendent

60 4.1 No

16.8
(240)

Upright/
pendent

42 2.9 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

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

Exposed
nonexpanded

20 6.1

25 7.6

14.0
(200)

Pendent 50 3.4 No

16.8
(240)

Pendent 35 2.4 No

30 9.1

14.0
(200)

Pendent 50 3.4 No

16.8
(240)

Pendent 35 2.4 No

35 10.7

14.0
(200)

Pendent 75 5.2 No

16.8
(240)

Pendent 52 3.6 No

40 12.2 16.8
(240)

Pendent 52 3.6 No

45 13.7

14.0
(200)

Pendent 90 6.2 Yes

16.8
(240)

Pendent 63 4.3 Yes

(continues)



Table 17.2.3.1 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

25 7.6

30 9.1

14.0
(200)

Pendent 50 3.4 No

16.8
(240)

Pendent 35 2.4 No

32 9.8

14.0
(200)

Pendent 60 4.1 No

16.8
(240)

Pendent 42 2.9 No

35 10.7

14.0
(200)

Pendent 75 5.2 No

16.8
(240)

Pendent 52 3.6 No

40 12.2

16.8
(240)

Pendent 52 3.6 No

22.4
(320)

Pendent 50 3.4 No

25.2
(360)

Pendent 50 3.4 No

45 13.7

14.0
(200)

Pendent 90 6.2 Yes

16.8
(240)

Pendent 63 4.3 Yes

Cartoned expanded 20 6.1

25 7.6

14.0
(200)

Upright/
pendent

50 3.4 No

16.8
(240)

Upright/
pendent

35 2.4 No

30 9.1

14.0
(200)

Upright/
pendent

50 3.4 No

16.8
(240)

Upright/
pendent

35 2.4 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

32 9.8

14.0
(200)

Pendent 60 4.1 No

16.8
(240)

Upright/
pendent

42 2.9 No
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∫`z«d� qJA� ·u�d�« 

•  ��F� ô U�bM� W�K� ·u�d� s�e���« q�UO� W��UJ� `z«d� qJ� vK� ·u�d� s�e���« q�UO� —U���« V� q�UO� ·u�d�«
© W�u�H� s�e�open rack shelving bM� Ë√ ® Âb�Æw�U��« bM��«  U�KD�� oOI% 

•  s� qI� ô W�U�� b�Ëe�� rLB*« V�d�« ÂUEM�«0.6 gpm/ft2 (24.5 mm/min)  s� qI� ô rOLB� W�U�� ‚u�
2000 ft2 (186m2)  U�U�— ‰ULF��« bM� Ë√ [ESFR  q�UF0K-14  qI� ô qOGA� jGC� s�3.4 © —U�50 psi ®

 q�UF0 Ë√K-16.8  s� qI� ô qOGA� jGC�2Æ2 © —U�32 psi®   U�U�— ‰ULF��« bM� Ë√ESFR  q�UF0K-25.2 
 s� qI� ô qOGA� jGC�1 © —U�15 psi ·uHB�« W�Ëœe� Ë√ …œdH� s�e���« q�UO� W�UL� ÕUL��« V� tK� p�– bM� [®

 q� d�«u� ◊dA�Ë `z«d� qJ� vK� ·u�d�∫WO�U��« ◊ËdA�« 
1≠  q�UF0  U�U�d�« ÊuJ� Ê√ V�K-11.2 (160), K-14.0 (200), or K-16.8 (240)  ÍœU� nOMB� l�

 Ÿu� s�  U�U�— ÊuJ� Ê√ V� Ë√ [s�e���«  ôUG�ù WK��� ÊuJ� Ê√ V�Ë …—«d(« W�—œ w�U� Ë√ j�u�� Ë√
ESFR  q�UF0K-14.0 (200), K-16.8 (240), or K-25.2 (360)Æ 

2≠ � nOMB� s� WOL;« lK��« ÊuJ� Ê√ VI  �≈IV  W�uL� pO��ö� Ë√B  Ë√C  W�uL� pO��ö� Ë√A  œbL�K� WK�U�
ÆWHKG�Ë œbL�K� WK�U� �� Ë√ W�uAJ� Ë√ WHKG� 

3≠  s� qI� ô pL�� `z«dA�« ÊuJ� Ê√ V�51  s� qI� ô ÷dF�Ë r�152  ULO� b�U�� l� ÊUJ*U� `z«dA�« X���Ë [r�
� ô UNMO� s� qI51 Ær� 

4≠  q�UF0  U�U�— ‰ULF��« bM�K-11.2 (160), K-14.0 (200), or K-16.8 (240) VO��� `L�� ö� [
 s� vK�√ Íu��� ‚u� `z«d�3.7  ‚u� ·u�dK� wJ�� pK� VO��� `L�� jI� [Â3.7 ÆÂ 

5≠  s� qI� ô w{d� d2 b�«u� V�76  s� qI� ô wI�√ b�U�� vK� r�3.1 ÆÂ 
6≠  s� qI� ô w�u� d2 b�«u� V�152  bM� W�uKD� �� WO�uD�«  «dL*«Ë Æ·uHB�« W�Ëœe� s�e���« q�UO� r�

  U�U�— ‰ULF��«ESFRÆ 
7≠  s� qI� ô  «d2 d�«u� V�2.3 ÆÂ 
8≠  u� nI�K� ŸUH�—« vB�√8.2  Ë√ Â9.1   U�U�— ‰ULF��« ‰U� � ÂESFRÆ 
9≠  u� s�e��� ŸUH�—« vB�√6.1 ÆÂ 
10≠  `z«dA�« 5�  U�«dH�« oK� ÂbF� p�–Ë `z«dA�« ·u�— ‚u� UNN�U� U� Ë√ W�K� WO�A� Õ«u�√ l{Ë VM& V�51  [r�

ÆwJ�� pK� qJ� vK� ·u�— ‚u� »UA�_« Ác� l{Ë lM1 p�c�Ë 
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@Zs€br€a@›ñ–€a@ b–mâ¸@ÚÌb‡ßa@7Ìb»flÂfl@Û‹«c@7.6@‚@

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

1M   W�uL� pO��ö��« W�UL(A   U�U�d�« ‰ULF��U� ÕUL��« V� [nKG� �� Ë√ nKG� [œbL�K� q�U� �� Ë√ q�U� [Êu�dJ�« �
 Ÿu� s�control mode density/area  ‰Ëb'« V�� p�–Ë17.3.1Æ 

2M @ W�uL� pO��ö��« W�UL(A  ·u�—  U�U�— ‰ULF��U� ÕUL��« V� [nKG� �� Ë√ nKG� [œbL�K� q�U� ��Ë ·uAJ*«
ÆœbL�K� q�U� �G�« ·uAJ*« pO��ö��« l� ‰ULF��ö� hB� ��«Ë jI� s�e���« 

3M  W�uL� pO��ö��«A  ‰Ëb'« s� ÊuJ�� nI��«  U�U�— W�U� ÊS� [nKG� �� Ë√ nKG� [Êu�dJ�« �17.3.1.3Æ 

 
4M  W�uL� pO��ö��« W�UL(A  [·uHB�« …œdH� s�e� q�UO� � [nKG� �� Ë√ nKG� [œbL�K� q�U� �� Ë√ q�U� [Êu�dJ�« �

 s� ‰UJ�_« �  «—UO)« � b�«Ë V�� s�e���« ·u�—  U�U�— VO�d� V�17.3.1.4(a)  �≈17.3.1.4(c)  Ë√
 qJA�« V��17.3.1.7�  U�U�d�« s� vK�_« Íu��*«Ë Æ s� ÁbF� b�e� ô Ê√ V3.1 Æs�e���« WL� X% Â 

5M  W�uL� pO��ö��« W�UL(A  [·uHB�« W�Ëœe� s�e� q�UO� � [nKG� �� Ë√ nKG� [œbL�K� q�U� �� Ë√ q�U� [Êu�dJ�« �
 s� ‰UJ�_« �  «—UO)« � b�«Ë V�� s�e���« ·u�—  U�U�— VO�d� V�17.3.1.54(a)  �≈17.3.1.5(b)  Ë√

 qJA�« V��17.3.1.7 s� ÁbF� b�e� ô Ê√ V�  U�U�d�« s� vK�_« Íu��*«Ë Æ3.1 Æs�e���« WL� X% Â 
6M  pO��ö� vK� Íu�� ·uHB�« ÃËœe� s�e� qJO� l� Êu�d� � pO��ö� vK� Íu�� ·uHB�« œdH� s�e� qJO� jK� bM�

 U�≈ ‰ULF��U� `L�� [Êu�d� �17.3.1.5(a)  Ë√17.3.1.5(b) Æo�UD*« s�e���« ŸUH�—« V��  s� vK�_« Íu��*«Ë
 s� ÁbF� b�e� ô Ê√ V�  U�U�d�«3.1 Æs�e���« WL� X% Â 

7M  pO��ö��« s�e� W�UL(A  [·uHB�« W�Ëœe� Ë√ …œdH� s�e� q�UO� � [nKG� �� Ë√ nKG� [œbL�K� q�U� ��Ë ·uAJ�
 qJA�« V�� ·u�d�«  U�U�— VO��� `L��17.3.1.7Æ «Ë s� ÁbF� b�e� ô Ê√ V�  U�U�d�« s� vK�_« Íu��*3.1 

Æs�e���« WL� X% Â  s� dL*« ÷d� qI� ô Ê√ V� [qJA�« «c� ‰ULF��« bM�Ë1.2   UH�«u*U� ÊuJ� nI��«  U�U�—Ë Â
∫WO�U��« 0.45 gpm/ft2 over 2000 ft2 (18.3 mm/min over 186 m2)Æ 
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8M  pO��ö��« s�e� W�UL(A ��Ë ·uAJ� pO��ö� Ë√ [nKG� �� Ë√ nKG� [œbL�K� q�U� A  q�U� �� Ë√ q�U� [Êu�d� �
 s� ‰UJ�_« V�� ·u�d�«  U�U�— VO��� `L�� [·uHB�« …œbF�� s�e� q�UO� � [nKG� �� Ë√ nKG� [œbL�K�

17.3.1.8(a)  �≈17.3.1.8(f)Æ  s� ÁbF� b�e� ô Ê√ V�  U�U�d�« s� vK�_« Íu��*«Ë3.1  Â WL� X%
Æs�e���« 

qJA�« e�U(« X% ‘U�— qJ� W��I*« W�UL(« W�U�� 
17.3.1.8(a) no greater than 80 ft2 (7.44m2). 
17.3.1.8(b) no greater than 80 ft2 (7.44m2). 
17.3.1.8(c) no greater than 50 ft2 (4.65 m2). 
17.3.1.8(d) no greater than 50 ft2 (4.65 m2). 
17.3.1.8(e) no greater than 50 ft2 (4.65 m2). 
17.3.1.8(f) no greater than 50 ft2 (4.65 m2). 

9M  s� qI� ô W�U�� vK� ¡UI�ù« V�152 Æs�e���« n� WL�Ë ‘U�d�« f�U� 5� r� 
10M  ÕuL�� b�U�� vB�√ “ËU��� ô 5� WO{dF�«Ë WO�uD�«  «dL*« l�UI� � ·u�d�«  U�U�— VO�d� V�Æt� 
11M   U�U�— 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{≈ 
12M ÆÕuL�*« vB�_« b(« s�  U�U�d�« b�U�� b�e� ô Ê√ V� [WO{d�  «d2 œu�Ë Âb� bM� 
13M Ê√ V� ∫w�ü« V�� UOJO�Ë—bO� WIDM� bF�√ �  U�U�dK� w�ü« qOGA��« vK� ·u�d�«  U�U�— ¡U� WOL� bL�F� 

• Æs�e���« q�UO� s� jI� b�«Ë Íu��� VO�d� bM�  U�U�— ÊU� 
•  b�«Ë Èu��� s� d��√ VO�d� bM� ® Íu��� q� � WF�� © U�U�— dA� l�—√� s�e���« q�UO�Æ 

14M  qI� ô Ê√ V� s� ·u�d�«  U�U�— ‚ö�≈30 gpm (113.6 L/min)Æ 
15M  ‰Ëb'« s� ¡U� Âu�d� W�U{S� œb��� Ê√ V� ‰UG�ù« …—uD) wJO�Ë—bO�« rOLB�K� UO�b�« ¡U*« WOL�  U�KD��

17.3.1.1.15 ÆY�U��« qBH�« s� …—dI*«  U�U�dK� W�u�;« ¡U*« WOL� �≈ 
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Plan View

Elevation 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 17.3.1.4(a) In-Rack Sprinkler Arrangement, Group A Plastic Commodities, Single-
Row Racks, Storage Height Over 25 ft (7.6 m) — Option 1.

Plan View

Elevation View

x
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x

x
x
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x

x

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 17.3.1.4(b) In-Rack Sprinkler Arrangement, Group A Plastic Commodities, Single-
Row Racks, Storage Height Over 25 ft (7.6 m) — Option 2.



Elevation View

Plan View

x

x

x

x

x

x
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x

Barriers

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 17.3.1.4(c) In-Rack Sprinkler Arrangement, Group A Plastic Commodities, Single-Row
Racks, Storage Height Over 25 ft (7.6 m) — Option 3.



 EXHIBIT 17.12 Positioning of In-Rack Sprinklers in
.(Accordance with Figure 17.3.1.4(a

 EXHIBIT 17.13 Positioning of In-Rack Sprinklers in
.(Accordance with Figure 17.3.1.4(b



Barrier

Barrier

Barrier

Barrier

 EXHIBIT 17.14 Positioning of In-Rack Sprinklers in
.(Accordance with Figure 17.3.1.4(c



Elevation View Plan View
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Notes:

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

2. Sprinklers labeled 1 and 2 and barriers 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 face sprinklers on vertical or horizontal 
stagger.

6. Symbol o indicates longitudinal flue space sprinklers.

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.

Barrier

Barrier

FIGURE 17.3.1.5(a) In-Rack Sprinkler Arrangement, Group A Plastic Commodities, Storage Height
Over 25 ft (7.6 m) — Option 1.
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 EXHIBIT 17.10 Positioning of In-Rack Sprinklers in
.(Accordance with Figure 17.3.1.5 (a



Elevation View Plan View
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Notes:

1. Sprinklers labeled 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 represent top of storage.

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

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

5. Symbol x indicates face and in-rack sprinklers.
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 17.3.1.5(b) In-Rack Sprinkler Arrangement, Group A Plastic Commodities,
Storage Height Over 25 ft (7.6 m) — Option 2.
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 EXHIBIT 17.11 Positioning of In-Rack Sprinklers in
.(Accordance with Figure 17.3.1.5 (b



Maximum
rack depth
9 ft (2.7 m)

x

10 ft
(3.1 m)

End View

Maximum
rack depth
9 ft (2.7 m)

5 ft 
(1.5 m)

maximum

x = sprinkler locations

Plan View

x

x

10 ft
(3.1 m)

x x x xx x

FIGURE 17.3.1.7 In-Rack Sprinkler Arrangement, Cartoned Expanded and Nonexpanded
Plastic and Exposed Nonexpanded Plastic Commodities, Single- and Double-Row Racks,
Storage Height Over 25 ft (7.6 m).

9 ft (2.7 m)

maximum
(1.5 m)

5 ft

10 ft
(3.1 m)

(3.1 m)
10 ft

rack depth
Maximum

 EXHIBIT 17.21 Positioning of In-Rack Sprinklers in
.Accordance with Figure 17.3.1.7



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.
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FIGURE 17.3.1.8(a) In-Rack Sprinkler Arrangement, Cartoned Plastic and Exposed
Nonexpanded Plastic, Multiple-Row Racks, Storage Height Over 25 ft (7.6 m) — Option 1
[10 ft (3.1 m) Maximum Spacing].
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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 17.3.1.8(b) In-Rack Sprinkler Arrangement, Cartoned Plastic and Exposed
Nonexpanded Plastic, Multiple-Row Racks, Storage Height Over 25 ft (7.6 m) — Option 2
[10 ft (3.1 m) Maximum Spacing].
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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.

Plan View Elevation View

FIGURE 17.3.1.8(c) In-Rack Sprinkler Arrangement, Cartoned Plastic and Exposed
Nonexpanded Plastic, Multiple-Row Racks, Storage Height Over 25 ft (7.6 m) — Option 1
[5 ft (1.5 m) Maximum Spacing].
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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.

5
 f
t 
(1

.5
 m

)
m

a
x
im

u
m

Plan View

Elevation View

FIGURE 17.3.1.8(d) In-Rack Sprinkler Arrangement, Cartoned Plastic and Uncartoned
Unexpanded Plastic, Multiple-Row Racks, Storage Height Over 25 ft (7.6 m) — Option 2
[5 ft (1.5 m) Maximum Spacing].
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Plan View

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 17.3.1.8(e) In-Rack Sprinkler Arrangement, Cartoned Plastic and Exposed
Nonexpanded Plastic, Multiple-Row Racks, Storage Height Over 25 ft (7.6 m) — Option 3
[5 ft (1.5 m) Maximum Spacing].
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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.
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FIGURE 17.3.1.8(f) In-Rack Sprinkler Arrangement, Cartoned Plastic and Exposed
Nonexpanded Plastic, Multiple-Row Racks, Storage Height Over 25 ft (7.6 m) — Option 4
[5 ft (1.5 m) Maximum Spacing].
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 EXHIBIT 17.15 Positioning of In-Rack Sprinklers in
.(Accordance with Figure 17.3.1.8(a
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 EXHIBIT 17.16 Positioning of In-Rack Sprinklers in
.(Accordance with Figure 17.3.1.8(b
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 EXHIBIT 17.17 Positioning of In-Rack Sprinklers in
.(Accordance with Figure 17.3.1.8(c
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 EXHIBIT 17.18 Positioning of In-Rack Sprinklers in
.(Accordance with Figure 17.3.1.8(d
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 EXHIBIT 17.19 Positioning of In-Rack Sprinklers in
.(Accordance with Figure 17.3.1.8(e
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 EXHIBIT 17.20 Positioning of In-Rack Sprinklers in
.(Accordance with Figure 17.3.1.8(f
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Table 17.3.3.1 ESFR Protection of Rack Storage Without Solid Shelves of Plastics
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
Requirementsft m ft m psi bar

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

Cartoned
nonexpanded

30 9.1

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

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

16.8
(240)

Pendent 52 3.6 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
(320)

Pendent 40 2.8 No

40 12.2 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
(320)

Pendent 40 2.8 No

(continues)



Table 17.3.3.1 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

Exposed
nonexpanded

30 9.1

35 10.7

14.0
(200)

Pendent 75 5.2 No

16.8
(240)

Pendent 52 3.6 No

40 12.2

16.8
(240)

Pendent 52 3.6 No

22.4
(320)

Pendent 50 3.4 No

25.2
(320)

Pendent 50 3.4 No

45 13.7

14.0
(200)

Pendent 90 6.2 Yes

16.8
(240)

Pendent 63 4.3 Yes

35 10.7

40 12.2

16.8
(240)

Pendent 52 3.6 No

22.4
(320)

Pendent 50 3.4 No

25.2
(320)

Pendent 50 3.4 No

45 13.7

14.0
(200)

Pendent 90 6.2 Yes

16.8
(240)

Pendent 63 4.3 Yes

40 12.2 45 13.7

14.0
(200)

Pendent 90 6.2 Yes

16.8
(240)

Pendent 63 4.3 Yes
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